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BOLOGICAL ACTIVE COATING 
COMPONENTS, COATINGS, AND COATED 

SURFACES 

0001. This application is a divisional application of U.S. 
Ser. No. 10/655,345 filed Sep. 4, 2003, claims the benefit of 
Provisional Patent Application Entitled “Bioactive Protein 
Paint Additive, Paint, and Painted Various, Ser. No. 60/409, 
102, filed Sep. 9, 2002, which are incorporated herein in their 
entirety by reference. 

BACKGROUND OF THE INVENTION 

0002 A. Field of the Invention 
0003. The present invention relates generally to the field of 
biological molecules as components of coatings conferring 
an activity or other advantage to the coating proteinaceous 
molecule related to the biological molecule. More specifi 
cally, the present invention relates to proteins as Such com 
ponents of coatings. In one specific regard, the present inven 
tion relates to protein compositions capable of 
organophosphorus detoxification, and methods of reducing 
organophosphorus compounds on Surfaces. More specifi 
cally, the present invention relates to coatings such as paints 
that degrade organophosphorus compounds such as pesti 
cides and chemical warfare agents. The present invention 
further relates to paint and coating compositions and methods 
of their use to detoxify organophosphorus chemical warfare 
agents. 
0004 B. Description of the Related Art 
0005 Organophosphorus compounds (“organophosphate 
compounds” or “OP compounds') and organosulfur (“OS) 
compounds are used extensively as insecticides and are 
highly toxic to many organisms, including humans. OP com 
pounds function as nerve agents. The primary effects of expo 
Sure to these agents are very similar, including inhibition of 
acetylcholinesterase and butyrylcholinesterase, with the sub 
sequent breakdown of the normal operation of the autonomic 
and central nervous systems (Gallo and Lawryk, 1991). 
0006 Over 40 million kilograms of OP pesticides are used 
in the United States annually (Mulchandani, A. et al., 1999a). 
The number of people accidentally poisoned by OP pesticides 
has been estimated to be upwards of 500,000 persons a year 
(LeJeune, K. E. et al., 1998). Depending on the toxicity to the 
organism (e.g., humans), repeated, prolonged and/or low 
dose exposure to an OP compound can cause neurotoxicity 
and delayed cholinergic toxicity. High-dose exposure can 
produces a fatal response (Tuovinen, K. et al., 1994). 
0007 Arguably of greater danger to humans, however, is 
the fact that some of the most toxic OP compounds are used 
as chemical warfare agents (“CWA). Chemical warfare 
agents are classified into Gagents, such as GD('Soman'), GB 
(“sarin’), GF (“cyclosarin') and GA (“tabun), and the 
methyl phosphonothioates, commonly known as V agents, 
such as VX and Russian VX (“R VX” or “VR). The most 
important CWAS are as follows: tabun (O-methyl dimethyla 
midophosphorylcyanide), which is the easiest to manufac 
ture; sarin (isopropyl methylphosphonofluoridate'), which 
is a volatile Substance mainly taken up through inhalation; 
Soman (pinacolyl methylphosphonofluoridate'), a moder 
ately volatile Substance that can be taken up by inhalation or 
skin contact; cyclosarin ("cyclohexyl methylphosphonofluo 
ridate'), a substance with low volatility that is taken up 
through skin contact and inhalation of the Substance as a gas 
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or aerosol; and VX (“O-ethyl S-diisopropylaminomethyl 
methylphosphonothioate') and its isomeric analog R VX 
“O-isobutyl S-(2-diethylamino)-methylphosphonothioate, 
R—VX or VR, both of which can remain on material, 
equipment and terrain for long periods, such as weeks, with 
R VX being an especially persistent substance. All CWAS 
are colorless liquids with volatility varying from VX to sarin. 
VX is an involatile oil-like liquid, while sarin is a water-like, 
easily Volatilized liquid. By addition of a thickener (e.g., a 
variety of carbon polymers), Soman or other more volatile 
agents may be made to be less volatile and more persistent. 
0008. The CWAS are extremely toxic and have a rapid 
effect. Such agents enter the body through any of the follow 
ing manners: inhalation, direct contact to the skin with a gas 
or with a contaminated Surface, or through ingestion of con 
taminated food or drink. The poisoning effect takes longer 
when the agents enter through the skin, but is much faster 
when they are inhaled because of the rapid diffusion in the 
blood from the lungs. These toxins are fat-soluble and can 
penetrate the skin, but take longer to reach the deep blood 
vessels. Because of this, the first symptoms may not appear 
for 20-30 minutes after initial contact with a contaminated 
Surface. This increases the danger for personnel entering a 
contaminated area, because the contamination may not be 
detected for 30 minutes or more (depending on concentra 
tions) after the contaminated area is entered. 
0009. The first and most important method of protection 
from nerve agents is to prevent exposure. For military per 
sonnel and other first responders, masks and full body pro 
tective gear are available, but this equipment has certain 
drawbacks. Impermeable Suits and even some air permeable 
suits are bulky and hot. The equipment inhibits free move 
ment and tasks are harder and take longer to complete. In 
addition to those factors, hard physical work in these suits this 
may cause heat stress or even collapse. There may also be 
long delays before decontamination can be completed so the 
protective gear must be worn for long periods. This makes for 
a marginally acceptable first defense against a chemical war 
fare agent attack. Decontamination is also time-consuming so 
the equipment must often be destroyed and new equipment 
provided. It is also difficult to provide everyone with such 
protective equipment in the general population, and the effec 
tiveness of Such equipment diminishes during use. Tasks 
requiring detailed work using fingers and hands Such as key 
strokes on a keyboard, or pushing buttons on phones or equip 
ment can be severely hampered by Such bulky protective gear. 
0010. In addition to direct contact with a gaseous agent 
during an attack, Surfaces that are exposed to the gas retain 
their toxicity for long periods of time. The OP nerve agents 
are soluble in materials such as paint, plastics, and rubber, 
allowing agents to remain in those materials and be released 
over long time periods. Nerve agents with thickening agents 
are even more persistent and difficult to decontaminate from 
a painted Surface Such as a wall, vehicle, or even a computer 
keyboard. It is understood that on painted metal Surfaces, 
Soman may persist for from one to five days, and that the less 
volatile VX may persist for 12 to 15 days. Under certain 
environmental conditions, OP compounds have been shown 
to persist indefinitely. On surfaces that are convoluted such as 
the surface of a military vehicle, the hidden surfaces that are 
less exposed to the environment can be especially difficult to 
decontaminate. Decontamination also requires detection, 
which is often not possible, and so resources and time may be 
wasted treating uncontaminated Surfaces. 
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0011. Historically, most approaches to chemical agent 
decontamination have focused on the treatment of Surfaces 
after chemical exposure, whether real or merely Suspected, 
has occurred. There are several current methods of decon 
tamination of surfaces. One method is post-exposure washing 
with hot water with or without addition of detergents or 
organic solvents, such as caustic Solutions (e.g., DS2, bleach) 
or foams (e.g., Eco, Sandia, Decon Green). Additional types 
of methods are anapplication of use of intensive heat and 
carbon dioxide applied for Sustained periods, and incorpora 
tion of oxidizing materials (e.g., TiO, and porphyrins) into 
coatings that, when exposed to Sustained high levels of UV 
light, degrade chemical agents (Buchanan, J. H. et al., 1989; 
Fox, M. A., 1983). Chemical agent resistant coatings 
("CARCs”) have been developed to withstand repeated 
decontamination efforts with Such caustize and organic Sol 
vents. However, the resulting “decontaminated materials are 
often still contaminated. Moreover, many decontamination 
procedures aerosolize contaminants on Surfaces to be 
cleaned. In addition, it is often hard to clean certain kinds of 
Surfaces such as those with rough texture, or with deep cre 
vasses and other hard to reach areas that must often “self 
decontaminate.” 

0012. Although each of these approaches can be effective 
under specific conditions, a number of additional limitations 
exist. Caustic Solutions degrade surfaces, create personnel 
handling and environmental risks, and require transport and 
mixing logistics. Additionally, alkaline solutions, such as a 
bleaching agent, is both relatively slow in chemically degrad 
ing VX OPS and can produce decontamination products 
nearly as toxic as the OP itself (Yang, Y.-C. et al., 1990). 
While foams may have both non-specific biocidal and chemi 
cal decontamination properties, they require transport and 
mixing logistics, may have personnel handling and environ 
mental risks, and are not effective on sensitive electronic 
equipment or interior spaces. CARCs have been shown to 
become porous after Sustained UV light exposure that can 
create a sponge effect that may actually trap chemical agents 
and delay decontamination. Moreover, these approaches are 
not well suited for decontamination of convoluted surfaces. 
Decontamination with heat and carbon dioxide presents 
logistical requirements and does not allow rapid reclamation 
of equipment. UV-based approaches can be costly and have 
logistical requirements, including access to UV-generating 
equipment and power, as well as the production of toxic 
byproducts of degradation (Yang, Y.-C. et al., 1992; Bucha 
nan, J. H. et al., 1989: Fox, M.A., 1983). 
0013. One attempted solution to the problem of surface 
contamination has been to provide paints with shedding 
(“chalking) properties such as an acrylic Surface that may 
shed, or at least not be penetrated by a CWA, making decon 
tamination easier. This has been unsatisfactory solution, how 
ever, because the area remains contaminated and there is no 
way to know if the Surface is or is not poisonous. In addition, 
shedding coatings over existing painted Surfaces require addi 
tional materials and labor over a single coating. Shedding 
may or may not occur over timeframes necessary to protect 
personnel from residual nerve agents on contaminated Sur 
faces, and in many instances may require washing despite the 
shedding characteristic. 
0014 Various enzymes have been identified that detoxify 
OP compounds, Such as organophosphorus hydrolase 
(“OPH'), organophosphorus acid anhydrolase (“OPAA'). 
and DFPase, which detoxifies O.O-diisopropyl phosphorof 
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luoridate (“DFP). A number of civilian (e.g., Texas A&M 
University, private sector), and military laboratories e.g., the 
Army research facilities at Edgewood (SBCCOM) have 
worked on enzyme-based detection or decontamination sys 
tems for OP compounds. Various approaches taken in Such 
laboratories include dispersion systems or immobilization 
systems of one or more OP degrading enzymes for use in 
detection or decontamination of OP compounds, as well as 
for convenience of handling of the enzyme preparation. 
0015 Sensors of OP compounds using an OP compound 
degrading enzyme have been described primarily for the 
detection of OP pesticides. OP compound sensors have been 
described that detect pH changes upon OP compound degra 
dation using recombinant Escherichia coli cells expressing 
OPH cryoimmobilized in poly(vinyl)alcohol gel spheres 
(Rainina, E. I. et al., 1996). Endogenously expressed OPH 
from whole Flavobacterium sp. cells or cell membranes have 
been described as immobilized to glass membrane using poly 
(carbamoyl Sulfonate) and poly(ethyleneimine) to produce a 
sensor of pH changes due to OP compound degradation (Gab 
erlein, S. et al., 2000a). OP compound sensors have been 
described that detect pH changes upon OP compound degra 
dation using recombinant Escherichia coli cells, expressing 
OPH cytosolically or at the cell surface, that were fixed 
behind a polycarbonate membrane (Mulchandani, A. et al., 
1998a; Mulchandani, A. et al., 1998b). An OP compound 
sensor has been described that detects optical changes upon 
OP compound degradation using recombinant Escherichia 
coli cells, expressing OPH at the cell surface, that were 
admixed in low melting point agarose and applied to mem 
brane that was affixed to a fiber optic sensor (Mulchandani, A. 
et al., 1998c). 
0016. An OP compound sensor has been described that 
detects pH changes upon OP compound degradation using 
purified OPH chemically cross-linked with bovine serum 
albumin by glutaraldehyde on an electrode's glass membrane 
and covered with a dialysis membrane (Mulchandani, P. et al., 
1999). Such chemically cross-linked OPH has been placed on 
a nylon membrane, and the membrane affixed to a fiber optic 
sensor to detect optical changes upon OP compound degra 
dation (Mulchandani, A. et al., 1999a). PurifiedOPH has been 
immobilized by glutaraldehyde to glass-beads having amino 
propyl groups in the construction of an OP compound degra 
dation sensor (Mulchandani, P. et al., 2001a). An OP com 
pound sensor has been described that detects optical changes 
upon OP compound degradation using recombinant 
Moraxella sp. cells, expressing OPH at the cell surface, that 
were admixed in 75% (w/w) graphite powder and 25% (w/w) 
mineral oil and placed into an electrode cavity (Mulchandani, 
P. et al., 2001 b). Purified OPH was attached to silica beads by 
glutaraldehyde or N-y-maleimidobutyrylozy succinimide 
ester linkages, and the beads placed as a layer on a glass slide 
to construct a sensor (Singh, A. K. et al., 1999). Purified OPH 
has been labeled with fluorescein isothiocyanate and 
absorbed to poly(methyl methacrylate) beads that were 
placed on a nylon membrane to construct a sensor that detects 
OP compound cleavage by decreased fluorescence (Rogers, 
K. R. et al., 1999). Purified OPH has been immobilized by 
placement within a poly(carbamoyl Sulfonate) prepolymer 
that was allowed to polymerize on a heat-sealing film in the 
construction of a sensor (Gaberlein, S. et al., 2000b). A puri 
fied fusion protein comprising OPH and a FLAG octapeptide 
sequence was immobilized to magnetic particles (Wang, J. et 
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al., 2001). Additional sensors using OPH have been described 
(Mulchandani, A. et al., 2001). 
0017. Different OP compound degrading enzyme compo 
sitions have been described, primarily for the detoxification 
of OP pesticides (Chen, W. and Mulchandani, A., 1998; LeJe 
une, K. E. et al., 1998a). A parathion hydrolase enzyme 
degrading cell extract has been immobilized onto silica beads 
and porous glass (Munnecke, D. M., 1979; Munnecke, D. M., 
1978). OPH has also been immobilized onto porous glass and 
silica beads (Caldwell, S. R. and Raushel, F. M., 1991b). 
Purified OPH has been mixed with fire fighting foams in an 
attempt to create a readily dispersible decontamination com 
position (LeJeune, K.E., and Russell, A.J., 1999; LeJeune, K. 
E. et al., 1998b). Purified OPH has been incorporated into 
micelles in an OP compound degradation device (Komives, 
C. et al., 1994). Purified OPH has been encapsulated in a 
liposome for use in OP compound degradation (Pei, L. et al., 
1994; Petrikovics, I. et al., 1999). OPH enzyme supported by 
glass wool in a biphasic solvent and gas phase reactor for OP 
compound detoxification has been described (Yang, F. et al., 
1995). Purified OPH has also been immobilized onto trityl 
agarose and nylon (Caldwell, S. R. and Raushel, F. M., 
1991a). Recombinant Escherichia coli cells co-expressing 
OPH and a surface expressed cellulose-binding domain have 
been immobilized to cellulose supports (Wang, A. A. et al., 
2002). Partly purified OPH, acetylcholinesterase or butyryl 
cholinesterase has been incorporated into polyurethane foam 
sponges (Havens, P. L. and Rase, H. F., 1993; Gordon, R. K. 
et al., 1999). Partly purified or purified OPH has been incor 
porated into solid polyurethane foam (LeJeune, K. E. and 
Russell, A.J., 1996; LeJeune, K. E. et al., 1997; LeJeune, K. 
E. et al., 1999). Recombinant Escherichia coli cells express 
ing OPH have been immobilized in a poly(vinylalcohol) 
cryogel (Hong, M. S. et al., 1998; Efremenko, E. N. et al., 
2002: Kim, J.-W. et al., 2002). Purified OPH has been immo 
bilized in polyethylene glycol hydrogels (Andreopoulos, F. 
M. et al., 1999). Recombinant Escherichia coli expressing 
OPH at the cell surface has been immobilized to polypropy 
lene fabric by absorption of the cells to the fabric (Mulchan 
dani, A. et al., 1999b). Purified OPH was immobilized to 
mesoporous silica by Tris-(methoxy)carboxylethylsilane or 
Tris-(methoxy)aminopropylsilane (Lei, C. et al., 2002). A 
fusion protein comprising OPH and a cellulose-binding 
domain has been immobilized to cellulose supports (Richins, 
R. D. et al., 2000). Sonicated Escherichia coli cells express 
ing a fusion protein comprising OPH, a green fluorescent 
protein, and a polyhistidine sequence as an affinity tag, have 
been attached to a nickel-iminodiacetic acid-agarose bead 
resin (Wu, C.-F. et al., 2002). A fusion protein comprising 
OPH and a polyhistidine sequence as an affinity tag has been 
attached to a chitosan film (Chen, T. et al., 2001). A purified 
fusion protein comprising an elastin-like polypeptide and 
OPH has shown to reversibly bind to the hydrophobic surface 
of polystyrene plates attemperatures above 37°C. (Shimazu, 
M. et al., 2002). 
0018. In addition to OPH, other OP compound enzyme 
compositions have been described. Purified OPAA has been 
encapsulated in a liposome for use in OP compound degra 
dation (Petrikovics, I. et al., 2000a: Petrikovics, I. et al., 
2000b). Purified OPAA has been mixed with fire fighting 
foams, detergents, and a skin care lotion in an attempt to 
create a readily dispersible decontamination composition 
(Cheng, T-C. et al., 1999). Purified squid-type DFPase has 
been encapsulated in erythrocytes for use in OP compound 
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degradation (McGuinn, W. D. et al., 1993). Purified squid 
type DFPase has been coupled to agarose beads (Hoskin, F.C. 
G. and Roush, A. H., 1982). Purified squid-type DFPase has 
also been incorporated into a polyurethane matrix (Drevon, 
G. F. et al., 2002: Drevon, G. F. et al., 2001; Drevon, G. F. and 
Russell, A. J., 2000). 
0.019 US. Patent Publication no. US 2002/0106361 A1 
discusses a marine anti-fungal enzyme for use in a marine 
coating. However, the substrate for the enzyme was incorpo 
rated into the marine coating, and the enzyme was in a marine 
environment as the organism from which it was obtained. 
Immobilized enzymes in an latex are discussed in the April. 
2002 edition of "Emulsion Polymer Technologies.” by the 
Paint Research Association website http://www.pra.org.uk/ 
publications/emulsion/emulsion highlights-2002.htm. 
0020. However, to date, there has been limited success in 
using these and other approaches to harness the potential of 
these enzymes in systems that can be readily and cost effec 
tively used in field-based military or civilian applications. 
Thus, despite the current understanding of the various OP 
compound degrading compositions and techniques, whether 
based on caustic chemicals or enzymes, there is a clear and 
present need for compositions and methods that can readily 
be used in OP compound degradation. This is particularly true 
for the detoxification of OP chemical warfare agents. In par 
ticular, compositions and methods are needed that will 
detoxify surfaces contaminated with OP compounds. 

SUMMARY OF THE INVENTION 

(0021. The present invention provides compositions and 
methods for their use as—components of surface treatments 
such as coatings. More specifically, the present invention 
provides compositions and methods for incorporating bio 
logical molecules into coatings in a manner to retain biologi 
cal activity conferred by such biological molecule. 
(0022. The present invention provides compositions and 
methods capable of effective decontamination of OP com 
pounds, as well as prophalactic protection of buildings, 
equipment, and personel that contact such objects, from OP 
compounds, including CWAs. As they relate to detoxification 
of OPs, the compositions and methods disclosed herein differ 
substantially from prior efforts, which focus on enzymatic 
detoxification of chemical compounds by application of a 
decontamination composition or method to the site of con 
tamination after contact with the chemical compound. The 
preferred embodiments of the present invention represent a 
paradigm shift in chemical decontamination. They demon 
strate usable compositions and methods for prophylactic pro 
tection of a site prior to contact with a chemical by prior 
application of a protective coating comprising an enzyme 
composition of the present invention. While prophylactic 
treatment with the coatings of the invention are a preferred 
embodiment, such a coating can also be used to coat a surface 
after contamination occurs. A preferred coating comprises a 
paint. Specifically, a paint comprising a preferred enzyme 
composition of the present invention degrades an organo 
phosphorus compound, including a chemical warfare agent, 
into a significantly less toxic compound. Another preferred 
coating comprises a clear coat, a textile treatment, a wax, 
elastomer, or a sealant. 
0023. Further, the present disclosure is the first composi 
tion of which Applicant is aware that comprises a bioactive 
molecule such as an enzyme composition that retains activity 
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after being admixed with paint. In addition, it still retains 
activity after the paint is applied to a Surface, and renders the 
surface bioactive. 

0024. In light of these and additional disclosures herein, it 
is now possible to produce paints and other coatings that 
detoxify chemical compounds for extended periods. Remark 
ably, a preferred enzyme composition of the present invention 
remained stable in the coating for an extended period of time 
(e.g., months) at ambient conditions. It is contemplated that 
the extended period of activity may further comprise time 
periods in excess of a year. In particular, stabilized embodi 
ments of the enzyme composition are designed to enhance the 
life time of the biomolecule composition in a coating and on 
a Surface. In a preferred embodiment, the invention comprises 
at least one polymer-based compound that provides prophy 
lactic protection and continuous detoxification of an organo 
phosphorus nerve agent. 
0025. In certain embodiments, it is contemplated that the 
compositions and methods of the present invention may be 
used to produce self-decontaminating Surfaces that remain 
active for extended periods. In a specific aspect, it is contem 
plated that such a self-decontaminating Surface will not need 
additional decontamination compositions or methods to 
effect decontamination, thereby minimizing logistical 
requirement. In a particular aspect, it is contemplated that the 
compositions and methods of the present invention may be 
easily applied in advance of during or after exposure to a 
chemical compound. In another preferred aspect, the compo 
sitions and methods of the present invention will be used in 
conjunction with existing other decontamination composi 
tions and methods. In a preferred facet, the compositions and 
methods of the present invention are applied in advance of 
during or after a field-based military operation to protect 
troops against a chemical warfare agent. 
0026. A recombinant phosphoric triester hydrolase may 
be produced using specific expression vectors in a variety of 
host cells. In the practice of the present invention, any of the 
described cells, nucleic acid sequences, genes, gene frag 
ments, vectors and transcriptional or translational signals 
may be used, or any others that are known in the art. In 
preferred facets, the enzyme is grown in bacterial, fungal, 
plant (e.g., corn), or insect cells. In preferred embodiments, 
an expression vector includes an opd DNA fragment in the 
correct orientation and reading frame with respect to the 
promoter sequence to allow translation of the opd gene or 
gene fragment. In a specific aspect, the expression vector 
produces heterologous expression of the opd gene or gene 
fragment. In particularly preferred embodiments of the com 
position, the enzyme is an OPH enzyme. In other preferred 
embodiments the enzyme is an OPAA enzyme. In other pre 
ferred embodiments, the enzyme is a DFPase. Examples of 
the cloning and expression of exemplary opd gene and gene 
fragments are described (McDaniel, S. et al., 1988: 
McDaniel, 1985; Wild, J. R. et al., 1986; each incorporated 
herein in its entirety by reference). 
0027. In general embodiments, a biomolecule of the 
present invention refers to a compound comprising one or 
more chemical moieties normally produced by a living organ 
ism such as an amino acid, a nucleic acid, a Sugar, a lipid, or 
a combination thereof. The invention provides a coating com 
prising a biomolecule composition, wherein the biomolecule 
composition comprises an active biomolecule. A biomolecule 
typically has a function in or upon a living organism, such as 
binding another molecule, catalyzing a chemical reaction, or 
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a combination thereof. Specific examples of such activity by 
a biomolecule include an antibody binding an antigen, a cell 
receptor binding a ligand, an enzyme binding a substrate, a 
transport protein may bind a ligand, etc. In some aspects, 
binding a ligand may be a desired activity Such as, for 
example, to sequester an undesired molecule, such as a toxin, 
to the biomolecule. Often, a biomolecule's activity further 
comprises a specific chemical reaction in addition to a physi 
cal/chemical affinity for another molecule. For example, an 
enzyme may accelerate a chemical reaction upon the bound 
Substrate, a cell receptor may change conformation and/or 
become enzymatically active or inactive toward a second 
Substrate, a transport protein may mitigate the movement of a 
molecule, etc. In another example, a biomolecule may com 
prise a ligand that induces or inhibits such activity in an 
enzyme, a cell receptor, a transport protein, and the like. 
0028. An “active biomolecule” refers to biomolecule that 
retains these types of properties in a coating of the present 
invention. The ability to confer bioactivity to a coating pro 
vides numerous uses in addition to the preferred bioactivity of 
detoxification of OP compounds. 
0029. Further, disclosed herein is the discovery that an 
active biomolecule may function in a coating in environments 
differing from the native environment of the organism from 
which it was obtained or derived. For example, an active 
biomolecule may retain activity in a coating under conditions 
of temperature, Salinity, pH, moisture, or a combination 
thereof that differ from the organism's native environment. 
0030 The ability of a biomolecule to retain its function as 
an active biomolecule in a composition of the present inven 
tion, particularly a coating, may be detected and measured by 
any technique known to one of ordinary skill the art, including 
the various assays described herein. 
0031. A further disclosure of the present invention is the 
preparation of an active biomolecule with a limited number of 
processing and/or purification steps from other cellular mol 
ecules of the organism in which it was produced. Typically, 
the organism is a microorganism. The combination of an 
active biomolecule and Such cellular molecules is known 
herein as a “biomolecule composition'. It is contemplated 
that the inclusion of Such cellular molecules may provide a 
protective or stabilizing effect for the activity of the active 
biomolecule. An example would be the protective encapsu 
lation of an active biomolecule by a cell wall and/or cell 
membrane of the organism. Such additional cellular mol 
ecules contribute to the particulate nature of a biomolecule 
composition, which may grant utility for Such material as a 
particulate component of a coating or paint, such as a pig 
ment, an dispersant, a rheological agent, or a combination 
thereof. 

0032. The invention provides various additional embodi 
ments. In general embodiments, a biomolecular composition 
comprises 0.001% to 40% of the coating composition by 
weight or Volume, including all intermediate ranges and com 
binations thereof. In other embodiments, the biomolecule 
composition comprises a microorganism based particulate 
material. In some aspects, the microorganism based particu 
late material comprises a whole cell material. In alternative 
aspects, the microorganism based particulate material is a cell 
fragment microorganism based particulate material. In cer 
tain aspects, the active biomolecule comprises 0.001% to 
40% of the coating composition by weight or Volume, includ 
ing all intermediate ranges and combinations thereof. 
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0033. In certain embodiments, the active biomolecule 
comprises a proteinaceous molecule. In some aspects, a pro 
teinaceous molecule comprises a peptide, a polypeptide, a 
protein, or a combination thereof. In specific aspects, the 
proteinaceous molecule comprises an enzyme, an antibody, a 
receptor, a transport protein, a structural protein, or a combi 
nation thereof. In other embodiments, the proteinaceous mol 
ecule binds a ligand, contacts a living organism, or a combi 
nation thereof. In particular aspects, the proteinaceous 
molecule binds a ligand. The ligand may comprise an antigen, 
a Substrate, an inhibitor, or a combination thereof. In certain 
preferred facets, the ligand comprises a chemical toxic to 
humans, such as, for example, an organophosphorus com 
pound. In further aspects, the proteinaceous molecule con 
tacts a living organism. In particular facets, the proteinaceous 
molecule comprises a ligand capable of binding to an active 
biomolecule of the living organism. In specific facets, the 
active biomolecule of the living organism comprises a recep 
tor, an enzyme, a transport protein, or a combination thereof. 
0034. In certain embodiments, the active biomolecule 
comprises a combination of active biomolecules. The com 
bination of biomolecules may be of the same type, such as a 
combination of enzymes. The combination may be of differ 
ent biomolecules or may be of different types of biomolecules 
Such as a receptor ligand and an enzyme, a receptor and an 
antibody, an enzyme and an combination of antibodies, etc. 
All iterations of active biomolecules may be selected to con 
fer to a coating a combination of bioactivities as desired. In 
general embodiments, a composition of the present invention 
may comprise 1 to 100 or more different selected biomol 
ecules of interest, including all intermediate ranges and com 
binations thereof. 

0035. In some embodiments, the proteinaceous molecule 
comprises an enzyme. In particular embodiments, the 
enzyme comprises an oxidoreductase, a transferase, a hydro 
lase, a lyase, an isomerase, a ligase, or a combination thereof. 
In certain aspects, the enzyme comprises a hydrolase. In 
further aspects, the hydrolase comprises an esterase. In spe 
cific aspects, the esterase comprises a phosphoric triester 
hydrolase. The phosphoric triester hydrolase may comprise, 
for example, an aryldialkylphosphatase, a diisopropyl-fluo 
rophosphatase, or a combination thereof. 
0036. In one preferred embodiment, the combination of 
biomolecules comprises a combination of phosphoric triester 
hydrolases. The combination of phosphoric triester hydro 
lases may be of the similar types, such as, for example, an 
organophosphorus hydrolase that possesses an enzymatic 
activity Superior in, for example, binding affinity and/or rate 
of Substrate cleavage in combination with one or more addi 
tional an organophosphorus hydrolases, each with a different 
enzymatic activity relative to the substrate. The combination 
of phosphoric triester hydrolases may comprise phosphoric 
triester hydrolases of different types, such as, for example, a 
MaZur-type DFPase and an aryldialkylphosphatase, or an 
OPAA and a human paraoxonase, or an organophosphorus 
hydrolase, a human paraoXonase and an animal carboxylase, 
etc. All iterations of selection of phosphoric triester hydro 
lases are contemplated to produce a coating with a combina 
tion of phosphoric triester hydrolase activities as desired. 
0037. In certain embodiments, the phosphoric triester 
hydrolase comprises an aryldialkylphosphatase. In some 
aspects, the aryldialkylphosphatase comprises an organo 
phosphorus hydrolase, a human paraoXonase, an animal car 
boxylase, or a functional equivalent thereof. In additional 
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aspects, the aryldialkylphosphatase comprises an organo 
phosphorus hydrolase or a functional equivalent thereof. In 
specific aspects, the organophosphorus hydrolase comprises 
an Agrobacterium radiobacter P230 organophosphate hydro 
lase, a Flavobacterium balustinum parathion hydrolase, a 
Pseudomonas diminuta phosphodiesterase, a Flavobacte 
rium sp opd gene product, a Flavobacterium sp. parathion 
hydrolase opd gene product, or a functional equivalent 
thereof. In certain facets, the organophosphorus hydrolase 
comprises a functional equivalent of Agrobacterium radio 
bacter P230 organophosphate hydrolase, a Flavobacterium 
balustinum parathion hydrolase, a Pseudomonas diminuta 
phosphodiesterase, a Flavobacterium sp opdgene product, or 
a Flavobacterium sp. parathion hydrolase opd gene product. 
In particular facets, the functional equivalent is a structural 
analog, a sequence analog, or a combination thereof. In spe 
cific facets, the functional equivalent is a structural analog. In 
further facets, the structural analog comprises a Co", Fe", 
Cu", Mn, Cd" or Ni" at the enzyme active site. In other 
facets, the functional equivalent is a sequence analog. In other 
facets, the functional equivalent is a structural analog. In 
particular facets, the sequence analog is an alteration in 
sequence length. In specific facets, the sequence analog lacks 
a leader peptide sequence, the sequence analog comprises a 
fusion protein, or a combination thereof. 
0038. In certain embodiments, the organophosphorus 
hydrolase comprises a Pseudomonas diminuta phosphotris 
terase, or a functional equivalent thereof. In some aspects, the 
organophosphorus hydrolase comprises a Pseudomonas 
diminuta phosphotristerase. In other embodiments, a pre 
ferred organophosphorus hydrolase comprises a Pseudomo 
nas diminuta phosphotristerase functional equivalent. In cer 
tain aspects the Pseudomonas diminuta phosphotristerase 
functional equivalent comprises a sequence analog, a struc 
tural analog, or a combination thereof. In particular facets, the 
Pseudomonas diminuta phosphodiesterase functional 
equivalent comprises a sequence analog. In some facets, the 
sequence analog comprises an amino acid Substitution. In 
specific facets, the sequence analog comprises H55C, H57C, 
C59A, G60A, S61A, I106A, I106G, W131A, W131F, 
W131K, F132A, F132H, F132Y, L136Y, L140Y, H201 C 
H230C, H254A, H254R, H254S, H257A, H257L, H257Y, 
L271A, L271Y, L303A, F306A, F306E, F306H, F306K, 
F306Y, S308A, S308G, Y309A, M317A, M317H, M317K, 
M317R, H55C/H57C, H55C/H201 C, H55C/H230C, H57C/ 
H201 C, H57C/H230C, A80V/S365P, I106A/F132A, I106A/ 
S308A, I106G/F132G, I106G/S308G, F132Y/F306H, 
F132H/F306H, F132H/F306Y, F132Y/F306Y, F132A/ 
S308A, F132G/S308G, L182S/V310A, H201 C/H230C, 
H254R/H257L, H55C/H57C/H201 C, H55C/H57C/H230C, 
H55C/H201 C/H230C, I106A/F132A/H257Y, I106A/ 
F132A/H257W, I106G/F132G/S308G, L130M/H257Y/ 
1274N, H257Y/1274.N/S365P H55C/H57C/H2O1 
C/H230C, I106G/F132G/H257Y/S308G, A14T/A80V/ 
L185R/H257Y/I274N, or a combination thereof. 
0039. In additional embodiments, the aryldialkylphos 
phatase comprises a paraoXonase, such as, for example, a 
human paraoXonase or a functional equivalent thereof. In 
Some aspects, the human paraoxonase comprises an HPON1 
gene product or a functional equivalent thereof. In certain 
facets, the human paraoxonase comprises a HPON1 gene 
product functional equivalent. In specific facets, the HPON1 
gene product functional equivalent comprises a sequence 
analog. In particular facets, the sequence analog comprises an 
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amino acid Substitution. In furtherfacets, the sequence analog 
is E32A, E48A, E52A, D53A, D88A, D107A, H114N, 
D121A, H133N, H154N, H16ON, W193A, W193F, W201A, 
W201F, H242N, H245N, H250N, W253A, W253F, D273A, 
W280A, W28OF, H284N, H347N or a combination thereof. 
0040. In further embodiments, the aryldialkylphosphatase 
comprises an animal carboxylase. In particular aspects, the 
animal carboxylase comprises an insect carboxylase or a 
functional equivalent thereof. In additional aspects, the insect 
carboxylase comprises a Plodia interpunctella carboxylase, 
Chrysomya putoria carboxylase, Lucilia cuprina carboxy 
lase, Musca domestica carboxylase carboxylase, or a func 
tional equivalent thereof. 
0041. In other embodiments, the phosphoric triester 
hydrolase comprises a diisopropyl-fluorophosphatase. In 
Some aspects, the diisopropyl-fluorophosphatase comprises 
an organophosphorus acid anhydrolase, a squid-type DFPase, 
a Mazur-type DFPase, or a functional equivalent thereof. In 
further aspects, the diisopropyl-fluorophosphatase comprises 
an organophosphorus acid anhydrolase or a functional 
equivalent thereof. In additional aspects, the organophospho 
rus acid anhydrolase comprises an Altermonas organophos 
phorus acid anhydrolase, a prolidase, or a functional equiva 
lent thereof. In some facets, the organophosphorus acid 
anhydrolase comprises an Altermonas organophosphorus 
acid anhydrolase or a functional equivalent thereof. In par 
ticular facets, the Altermonas organophosphorus acid anhy 
drolase comprises an Alteromonas sp JD6.5 organophospho 
rus acid anhydrolase, an Alteromonas haloplanktis 
organophosphorus acid anhydrolase, an Altermonas undina 
organophosphorus acid anhydrolase, or a functional equiva 
lent thereof. In additional facets, the organophosphorus acid 
anhydrolase comprises a prolidase or a functional equivalent 
thereof. In specific facets, the prolidase comprises a human 
prolidase, a Mus musculus prolidase, a Lactobacillus helveti 
cus prolidase, an Escherichia coli prolidase, an Escherichia 
coli aminopeptidase P, or a functional equivalent thereof. 
0042. In certain embodiments, the diisopropyl-fluoro 
phosphatase comprises a squid-type DFPase, or a functional 
equivalent thereof. In some aspects, the squid-type DFPase 
comprises a Loligo vulgaris DFPase, a Loligo pealei DFPase, 
a Loligo Opalescens DFPase, or a functional equivalent 
thereof. In specific aspects, the squid-type DFPase comprises 
a Loligo vulgaris DFPase, or a functional equivalent thereof. 
In some facets, the squid-type DFPase comprises a Loligo 
vulgaris DFPase, or a functional equivalent thereof. In addi 
tional facets, the squid-type DFPase comprises a Loligo vul 
garis DFPase functional equivalent. In particular facets, the 
Loligo vulgaris DFPase functional equivalent comprises a 
sequence analog. In continuing facets, the sequence analog 
comprises an amino acid Substitution. In some facets, the 
sequence analog is H181N, H224N, H274N, H219N, 
H248N, or H287N. In other facets, the sequence analog is an 
alteration in sequence length. In specific facets, the sequence 
analog is a fusion protein. 
0043. In other embodiments, the diisopropyl-fluorophos 
phatase comprises a Mazur-type DFPase, or a functional 
equivalent thereof. In some aspects, the Mazur-type DFPase 
comprises a mouse liver DFPase, a hog kidney DFPase, a 
Bacillus stearothermophilus strain OT DFPase, an Escheri 
chia coli DFPase, or a functional equivalent thereof. 
0044. In additional embodiments, the phosphoric triester 
hydrolase comprises a Plesiomonas sp. strain M6 mpd gene 
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product, a Xanthomonas sp. phosphoric triester hydrolase, a 
Tetrahymena phosphoric triester hydrolase, or a functional 
equivalent thereof. 
0045. In other embodiments, the coating is 5um to 1500 
um thick upon the Surface, including all intermediate ranges 
and combinations thereof. In some aspects, the coating is 15 
um to 500 um thick upon the surface, including all interme 
diate ranges and combinations thereof. In particular aspects, 
the coating comprises a multicoat system. In an additional 
aspect, the multicoat System comprises 2 to 10 layers. In a 
particular facet, one layer of the multicoat system comprises 
the biomolecular composition. In a further aspect, a plurality 
of layers of the multicoat system comprises the biomolecular 
composition. In some facets, each layer of the multicoat sys 
tem is a coating 15 um to 500 um thick, including all inter 
mediate ranges and combinations thereof. In other facets, 
each layer of the multicoat system is a coating 15 um to 150 
um thick, including all intermediate ranges and combinations 
thereof. In particular aspects, the multicoat System comprises 
a sealer, a water repellent, a primer, an undercoat, a topcoat, or 
a combination thereof. In specific facets, the multicoat System 
comprises a topcoat. In particular facets, the topcoat com 
prises the biomolecular composition. 
0046. In some embodiments, the coating comprises a 
paint. In other embodiments, the coating comprises a clear 
coating. In some aspects, the clear coating comprises a lac 
quer, a varnish, a shellac, a stain, a water repellent coating, or 
a combination thereof. In general aspects, the coating com 
prises a binder, a liquid component, a colorant, an additive, or 
a combination thereof. In some facets, the coating comprises 
a buffer. In particular aspects, the buffer comprises a bicar 
bonate. 

0047. In certain embodiments, the coating undergoes film 
formation. In general aspects, film formation occurs at ambi 
ent conditions, baking conditions, or a combination thereof. 
In particular aspects, film formation occurs at baking condi 
tions. In other aspects, baking conditions is between 40° C. 
and 110°C., including all intermediate ranges and combina 
tions thereof. Examples of specific intermediate ranges for 
baking conditions include 40°C. and 50° C., or 40°C. and 65° 
C. In general aspects, the coating comprises a volatile com 
ponent and a non-volatile component. In general facets, the 
coating undergoes film formation by loss of part of the Vola 
tile component. In other facets, the Volatile component com 
prises a volatile liquid component. In particular facets, the 
Volatile liquid component comprises a solvent, a thinner, a 
diluent, or a combination thereof. In other aspects, the non 
Volatile component comprises a binder, a colorant, a plasti 
cizer, a coating additive, a biomolecular composition of the 
present invention, or a combination thereof. In certain 
aspects, film formation occurs by crosslinking of a binder. In 
Some facets, film formation occurs by crosslinking of a plu 
rality of binders. In further facets, film formation occurs by 
irradiating the coating. In some facets, the coating produces a 
self-cleaning film upon film formation. 
0048. In certain alternative embodiments, the coating is a 
non-film forming coating. In particular aspects, the non-film 
forming coating comprises a non-film formating binder. In 
Some aspects, the non-film forming coating comprises a coat 
ing component in a concentration that is insufficient to pro 
duce a solid film. In some facets, the coating component 
comprises a binder that contributes to thermoplastic film for 
mation, thermosetting film formation, or a combination 
thereof. In particular facets, the coating component com 
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prises a binder, catalyst, initiator, or combination thereof. 
Though the concentration which is insufficient for a coating 
component to produce film formation in a coating may be 
empirically determined by an assay, Such as those described 
herein for film formation, such an insufficient concentration 
may easily achieved by selection of a concentration of 0%, 
wherein the coating lacks the film-forming component. 
0049. In other alterative embodiments, the coating pro 
duces a temporary film. In specific aspects, the temporary 
film has a poor resistance to a coating remover. In particular 
facets, the temporary film has a poor scrub resistance, a poor 
Solvent resistance, a poor water resistance, a poor weathering 
property, a poor adhesion property, or a combination thereof. 
A poor resistance and/or poor quality property for a coating 
can be empirically determined by assays described herein. 
0050. In general embodiments, the coating comprises an 
architectural coating, an industrial coating, a specification 
coating, or a combination thereof. In additional aspects, the 
coating comprises an architectural coating. In particular 
aspects, the architectural coating comprises a wood coating, a 
masonry coating, an artist's coating, or a combination thereof. 
In some facets, the architectural coating has a pot life of at 
least 12 months at ambient conditions. In general aspects, the 
architectural coating undergoes film formation at ambient 
conditions. In other aspects, the coating comprises an indus 
trial coating. In further aspects, the industrial coating com 
prises an automotive coating, a can coating, Sealant coating, a 
marine coating, or a combination thereof. In particular facets, 
the industrial coating undergoes film formation at baking 
conditions. In additional aspects, the coating comprises a 
specification coating. In particular facets, the specification 
coating comprises a camouflage coating, a pipeline coating, 
traffic marker coating, aircraft coating, a nuclear power plant 
coating, or a combination thereof. In particular facets, the 
specification coating comprises a camouflage coating. In spe 
cific facets, the camouflage coating comprises a camouflage 
pigment. 
0051. In many embodiments, a coating comprises a water 
borne coating, a solvent borne coating, or a powder coating. 
In particular aspects, the coating comprises a water-borne 
coating. In certain facets, the water-borne coating is a latex 
coating. In additional facets, the water-borne coating has a 
density of 1.20 kg/L to 1.50 kg/L, including all intermediate 
ranges and combinations thereof. In other aspects, the coating 
comprises a solvent-borne coating. In further facets, the Sol 
Vent-borne coating has a density of 0.90 kg/L to 1.2 kg/L. 
including all intermediate ranges and combinations thereof. 
0052. In general embodiments, the coating has a viscosity 
during application of 72 Ku to 95 Ku, including all interme 
diate ranges and combinations thereof. In further aspects, the 
coating has a viscosity prior to application of 100P to 1000 P. 
including all intermediate ranges and combinations thereof. 
In particular aspects, the coating has a viscosity during appli 
cation of 0.5 P to 2.5 P, including all intermediate ranges and 
combinations thereof. In other aspects, the coating has a 
viscosity of 100P to 1000P, including all intermediate ranges 
and combinations thereof, upon a surface immediately after 
application. 
0053. In many embodiments, the coating comprises a 
binder. In many aspects, the binder comprises athermoplastic 
binder, a thermosetting binder, or a combination thereof. In 
certain aspects, the coating comprises a thermoplastic binder. 
In particular facets, such a coating produces a film by ther 
moplastic film formation. In other aspects, the coating com 

Sep. 30, 2010 

prises athermosetting binder. In further facets, such a coating 
produces a film by thermosetting film formation. 
0054. In some embodiments, the binder comprises an oil 
based binder. In particular aspects, the oil-based binder com 
prises an oil, an alkyd, an oleoresinous binder, a fatty acid 
epoxide ester, or a combination thereof. In furtherfacets, such 
an oil-based binder coating produces a layer 15 um to 25 um 
thick upon the vertical Surface, including all intermediate 
ranges and combinations thereof, or 15 um to 40 um thick 
upon the horizontal Surface, including all intermediate ranges 
and combinations thereof. In further aspects, the binder com 
prises an oil. In other aspects, the binder comprises an alkyd. 
In specific aspects, the binder comprises an oleoresinous 
binder. In some aspects, the binder comprises a fatty acid 
epoxide ester. 
0055. In other embodiments, the binder comprises a poly 
ester resin. In certain aspects, polyester resin comprises a 
hydroxy-terminated polyester. In other aspects, the polyester 
resin comprises a carboxylic acid-terminated polyester. In 
additional facets, the coating comprises a polyester resin and 
a urethane, an amino resin, or a combination thereof. 
0056. In some embodiments, the binder comprises a modi 
fied cellulose. In certain aspects, the modified cellulose com 
prises a cellulose ester, a nitrocellulose or a combination 
thereof. In certain facets, the modified cellulose comprises a 
cellulose ester. In other facets, the modified cellulose com 
prises a nitrocellulose. In further aspects, the coating com 
prises a modified cellulose and an amino binder, an acrylic 
binder, urethane binder, or a combination thereof. 
0057. In additional embodiments, the binder comprises a 
polyamide. In specific aspects, the coating comprises a polya 
mide and an epoxide. 
0058. In certain embodiments, the binder comprises an 
amino resin. In some aspects, the coating comprises an amino 
resin and an acrylic binder, an alkyd resin, a polyester binder, 
or a combination thereof. 

0059. In additional embodiments, the binder comprises an 
urethane binder. In particular aspects, the coating comprises 
an urethane binder and a polyol, an amine, an epoxide, a 
silicone, a vinyl, a phenolic, a triacrylate, or a combination 
thereof. 

0060. In some embodiments, the binder comprises a phe 
nolic resin. In further aspects, the coating comprises a phe 
nolic resin and an alkyd resin, an amino resin, a blown oil, an 
epoxy resin, a polyamide, a polyvinyl resin, or a combination 
thereof. 

0061. In other embodiments, the binder comprises an 
epoxy resin. In additional aspects, the coating comprises an 
epoxy resinandanamino resin, a phenolic resin, a polyamide, 
a ketimine, an aliphatic amine, or a combination thereof. In 
particular facets, the epoxy resin comprises a cycloaliphatic 
epoxy binder. In further facets, the coating comprises 
cycloaliphatic epoxy binder and a polyol. 
0062. In additional embodiments, the binder comprises a 
polyhydroxyether binder. In further aspects, the coating com 
prises a polyhydroxyether binder and an epoxide, a polyure 
thane comprising an isocyanate moiety, an amino resin, or a 
combination thereof. 

0063. In further embodiments, the binder comprises an 
acrylic resin. In additional aspects, the coating comprises an 
acrylic resin and an epoxide, a polyurethane comprising an 
isocyanate moiety, an amino resin, or a combination thereof. 
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0064. In some embodiments, the binder comprises a poly 
vinyl binder. In further embodiments, the coating comprises a 
polyvinyl binder and an alkyd, an urethane, an amino-resin, 
or a combination thereof. 
0065. In certain embodiments, the binder comprises a rub 
ber resin. In some aspects, the rubber resin comprises a chlo 
rinated rubber resin, a synthetic rubber resin, or a combina 
tion thereof. In additional facets, the coating comprises a 
rubber resin and an acrylic resin, an alkyd resin, a bituminous 
resin, or a combination thereof. 
0066. In specific embodiments, the binder comprises a 
bituminous binder. In additional aspects, the coating com 
prises a bituminous binder and an epoxy resin. 
0067. In further embodiments, the binder comprises a 
polysulfide binder. In specific aspects, the coating comprises 
a polysulfide binder and a peroxide, a binder comprising an 
isocyanate moiety, or a combination thereof. 
0068. In additional embodiments, the binder comprises a 
silicone binder. In further aspects, the coating comprises a 
silicone binder and an organic binder. 
0069. In many embodiments, the coating comprises a liq 
uid component. In general aspects, the liquid component 
comprises a solvent, a thinner, a diluent, a plasticizer, or a 
combination thereof. In other aspects, the liquid component 
comprises a liquid organic compound, an inorganic com 
pound, water, or a combination thereof. 
0070. In some embodiments, the liquid component com 
prises a liquid organic compound. In certain aspects, the 
liquid organic compound comprises a hydrocarbon, an oxy 
genated compound, a chlorinated hydrocarbon, a nitrated 
hydrocarbon, a miscellaneous organic liquid component, a 
plasticizer, or a combination thereof. 
0071. In particular embodiments, the liquid organic com 
pound comprises a hydrocarbon. In certain aspects, the 
hydrocarbon comprises an aliphatic hydrocarbon, a 
cycloaliphatic hydrocarbon, a terpene, an aromatic hydrocar 
bon, or a combination thereof. In additional facets, the hydro 
carbon comprises an aliphatic hydrocarbon. In further facets, 
the aliphatic hydrocarbon comprises a petroleum ether, pen 
tane, hexane, heptane, isododecane, a kerosene, a mineral 
spirit, a VMP naphtha or a combination thereof. In other 
aspects, the hydrocarbon comprises a cycloaliphatic hydro 
carbon. In some facets, the cycloaliphatic hydrocarbon com 
prises cyclohexane, methylcyclohexane, ethylcyclohexane, 
tetrahydronaphthalene, decahydronaphthalene, or a combi 
nation thereof. In other aspects, the hydrocarbon comprises a 
terpene. In additional facets, the terpene comprises wood 
terpentine oil, pine oil, C-pinene, B-pinene, dipentene, D-li 
monene, or a combination thereof. In particular aspects, the 
hydrocarbon comprises an aromatic hydrocarbon. In some 
facets, the aromatic hydrocarbon comprises benzene, tolu 
ene, ethylbenzene, Xylene, cumene, a type I high flash aro 
matic naphtha, a type II high flash aromatic naphtha, mesity 
lene, pseudocumene, cymol, styrene, or a combination 
thereof. 
0072. In other embodiments, the liquid organic compound 
comprises an oxygenated solvent. In certain aspects, the oxy 
genated solvent comprises an alcohol, an ester, a glycol ether, 
a ketone, an ether, or a combination thereof. In some aspects, 
the oxygenated solvent comprises an alcohol. In further 
aspects, the alcohol comprises methanol, ethanol, propanol, 
isopropanol, 1-butanol, isobutanol, 2-butanol, tert-butanol, 
amyl alcohol, isoamyl alcohol, hexanol, methylisobutyl 
carbinol, 2-ethylbutanol, isooctyl alcohol, 2-ethylhexanol, 
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isodecanol, cylcohexanol, methylcyclohexanol, trimethylcy 
clohexanol, benzyl alcohol, methylbenzyl alcohol, furfuryl 
alcohol, tetrahydrofurfuryl alcohol, diacetone alcohol, trim 
ethylcyclohexanol, or a combination thereof. In other aspects, 
the oxygenated solvent comprises an ester. In particular fac 
ets, the ester comprises methyl formate, ethyl formate, butyl 
formate, isobutyl formate, methyl acetate, ethyl acetate, pro 
pyl acetate, isopropyl acetate, butyl acetate, isobutyl acetate, 
sec-butyl acetate, amyl acetate, isoamyl acetate, hexyl 
acetate, cyclohexyl acetate, benzyl acetate, methyl glycol 
acetate, ethyl glycol acetate, butyl glycol acetate, ethyl dig 
lycol acetate, butyl diglycol acetate, 1-methoxypropyl 
acetate, ethoxypropyl acetate, 3-methoxybutyl acetate, ethyl 
3-ethoxypropionate, isobutyl isobutyrate, ethyl lactate, butyl 
lactate, butyl glycolate, dimethyl adipate, glutarate. Succi 
nate, ethylene carbonate, propylene carbonate, butyrolac 
tone, or a combination thereof. In certain aspects, the oxy 
genated solvent comprises a glycol ether. In other facets, the 
glycol ether comprises methyl glycol, ethyl glycol, propyl 
glycol, isopropyl glycol, butyl glycol, methyl diglycol, ethyl 
diglycol, butyl diglycol, ethyl triglycol, butyl triglycol, dieth 
ylene glycol dimethyl ether, methoxypropanol, isobutox 
ypropanol, isobutyl glycol, propylene glycol monoethyl 
ether, l-isopropoxy-2-propanol, propylene glycol mono-n- 
propyl ether, propylene glycol n-butyl ether, methyl dipropy 
lene glycol, methoxybutanol, or a combination thereof. In 
specific aspects, the oxygenated solvent comprises a ketone. 
In some facets, the ketone comprises acetone, methyl ethyl 
ketone, methyl propyl ketone, methyl isopropyl ketone, 
methylbutyl ketone, methyl isobutyl ketone, methyl amyl 
ketone, methyl isoamyl ketone, diethyl ketone, ethyl amyl 
ketone, dipropyl ketone, diisopropyl ketone, cyclohexanone, 
methylcylcohexanone, trimethylcyclohexanone, mesityl 
oxide, diisobutyl ketone, isophorone, or a combination 
thereof. In particular aspects, the oxygenated solvent com 
prises an ether. In additional facets, the ether comprises 
diethyl ether, diisopropyl ether, dibutyl ether, di-sec-butyl 
ether, methyl tert-butyl ether, tetrahydrofuran, 1.4-dioxane, 
metadioxane, or a combination thereof. 
0073. In some embodiments, the liquid organic compound 
comprises a chlorinated hydrocarbon. In specific aspects, the 
chlorinated hydrocarbon comprises methylene chloride, 
trichloromethane, tetrachloromethane, ethylchloride, isopro 
pyl chloride, 1,2-dichloroethane, 1,1,1-trichloroethane, 
trichloroethylene, 1,1,2,2-tetrachlorethane, 1,2-dichloroeth 
ylene, perchloroethylene, 1,2-dichloropropane, chloroben 
Zene, or a combination thereof. 
0074. In further embodiments, the liquid organic com 
pound comprises a nitrated hydrocarbon. In specific aspects, 
the nitrated hydrocarbon comprises a nitroparaffin, N-me 
thyl-2-pyrrolidone, or a combination thereof. 
0075. In additional embodiments, the liquid organic com 
pound comprises a miscellaneous organic liquid. In some 
aspects, the miscellaneous organic liquid comprises carbon 
dioxide, acetic acid, methylal, dimethylacetal, N,N-dimeth 
ylformamide, N,N-dimethylacetamide, dimethylsulfoxide, 
tetramethylene Suflone, carbon disulfide, 2-nitropropane, 
N-methylpyrrolidone, hexamethylphosphoric triamide, 1,3- 
dimethyl-2-imidazolidinone, or a combination thereof. 
0076. In specific embodiments, the liquid organic com 
pound comprises a plasticizer. In general facets, the plasti 
cizer comprises an adipate, an aZelate, a citrate, a chlorinated 
plasticizer, an epoxide, a phosphate, a sebacate, a phthalate, a 
polyester, a trimellitate, or a combination thereof. 
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0077. In other embodiments, the liquid component com 
prises an inorganic compound. In specific aspects, the inor 
ganic compound comprises ammonia, hydrogen cyanide, 
hydrogen fluoride, hydrogen cyanide, Sulfur dioxide, or a 
combination thereof. 

0078. In many embodiments, the liquid component com 
prises water. In particular aspects, the liquid component com 
prising water further comprises methanol, ethanol, propanol, 
isopropyl alcohol, tert-butanol, ethylene glycol, methylgly 
col, ethyl glycol, propyl glycol, butyl glycol, ethyl diglycol, 
methoxypropanol, methyldipropylene glycol, dioxane, tet 
rahydorfuran, acetone, diacetone alcohol, dimethylforma 
mide, dimethylsulfoxide, ethylbenzene, tetrachloroethylene, 
p-Xylene, toluene, diisobutyl ketone, tricholorethylene, trim 
ethylcyclohexanol, cyclohexyl acetate, dibutyl ether, trimeth 
ylcyclohexanone, 1,1,1-tricholoroethane, hexane, hexanol, 
isobutyl acetate, butyl acetate, isophorone, nitropropane, 
butyl glycol acetate, 2-nitropropane, methylene chloride, 
methyl isobutyl ketone, cyclohexanone, isopropyl acetate, 
methylbenzyl alcohol, cyclohexanol, nitroethane, methyl 
tert-butyl ether, ethyl acetate, diethyl ether, butanol, butyl 
glycolate, isobutanol. 2-butanol, propylene carbonate, ethyl 
glycol acetate, methyl acetate, methyl ethylketone, or a com 
bination thereof. 

0079. In general embodiments, the coating comprises a 
colorant. In some aspects, the colorant comprises a pigment, 
a dye, a pH indicator, or a combination thereof. In specific 
aspects, the colorant comprises a pigment. In some aspects, 
the biomolecule composition comprises 0.001% to 100% of 
the pigment, including all intermediate ranges and combina 
tions thereof. In particular facets, the pigment Volume con 
centration of the coating is 20% to 60%, including all inter 
mediate ranges and combinations thereof. In other aspects, 
the pigment comprises a corrosion resistance pigment, a cam 
ouflage pigment, a color property pigment, an extender pig 
ment, or a combination thereof. In particular aspects, the 
pigment comprises a corrosion resistance pigment. In some 
facets, the corrosion resistance pigment comprises aluminum 
flake, aluminum triphosphate, aluminum Zinc phosphate, 
ammonium chromate, barium borosilicate, barium chromate, 
barium metaborate, basic calcium Zinc molybdate, basic car 
bonate white lead, basic lead silicate, basic lead silicochro 
mate, basic lead silicosulfate, basic Zinc molybdate, basic 
Zinc molybdate-phosphate, basic Zinc molybdenum phos 
phate, basic Zinc phosphate hydrate, bronze flake, calcium 
barium phosphosilicate, calcium borosilicate, calcium chro 
mate, calcium plumbate, calcium strontium phosphosilicate, 
calcium strontium Zinc phosphosilicate, dibasic lead phos 
phite, lead chromosilicate, lead cyanamide, lead Suboxide, 
lead Sulfate, mica, micaceous iron oxide, red lead, steel flake, 
strontium borosilicate, strontium chromate, tribasic leadpho 
phosilicate, Zinc borate, Zinc borosilicate, Zinc chromate, Zinc 
dust, Zinc hydroxy phosphite, Zinc molybdate, Zinc oxide, 
Zinc phosphate, Zinc potassium chromate, Zinc silicophos 
phate hydrate, Zinc tetraoxylchromate, or a combination 
thereof. In specific facets, the coating comprising the corro 
sion resistance pigment is a metal Surface coating, a primer, or 
a combination thereof. In other aspects, the pigment com 
prises a camouflage pigment. In specific facets, the camou 
flage pigment comprises an anthraquinone black, a chromium 
oxide green, or a combination thereof. In some aspects, the 
pH indicator is a colorimetric or a fluorimetric indicator. 
Examples of colorimetric include Alizarin, Alizarin S, Bril 
liant Yellow, Lacmoid, Neutral Red, Rosolic Red, or a com 
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bination thereof. In specific instances, the colorimetric indi 
cator is a pH indicator that undergoes a color change between 
pH 8 to pH 9. For example the following fluorimetric indica 
tors are SNARF-1 BCECF, HPTS, Fluroescein, or a combi 
nation thereof. In certain embodiments, the fluorescence indi 
cator have reduced fluorescence at a lower pH. In specific 
instances, the fluorimetric indicator is a pH indicator that 
undergoes a fluorescence change between pH 8 to pH 9. 
Additional pH indicators are described, for example, in 
“Using Acid-Base Indicators to Visually Estimate the Ph of 
Solutions” by Marcia L. Gillette, Chemical Education 
Resources, Incorporated, 1995. 
0080. In further embodiments, the pigment comprises a 
color property pigment. In additional aspects, the color prop 
erty pigment comprises a black pigment, a brown pigment, a 
white pigment, a pearlescent pigment, a violet pigment, a blue 
pigment, a green pigment, a yellow pigment, an orange pig 
ment, a red pigment, a metallic pigment, or a combination 
thereof. In particular facets, the color property pigment com 
prises aniline black, anthraquinone black, carbon black; cop 
per carbonate, graphite, iron oxide, micaceous iron oxide, 
manganese dioxide, azo condensation, benzimidazolone, 
iron oxide, metal complex brown, antimony oxide, basic lead 
carbonate, lithopone, titanium dioxide, white lead, Zinc 
oxide, Zinc sulphide, titanium dioxide and ferric oxide cov 
ered mica, bismuth oxychloride crystal, dioxanine violet, car 
bazol Blue, carbazole Blue, cobalt blue, copper phthalocya 
nine, dioxanine Blue, indanthrone, phthalocyanin blue, 
Prussian blue, ultramarine, chrome green, chromium oxide 
green, halogenated copper phthalocyanine, hydrated chro 
mium oxide, phthalocyanine green, anthrapyrimidine, aryla 
mide yellow, barium chromate, benzimidazolone yellow, bis 
muth Vanadate, cadmium sulfide yellow, complex inorganic 
color pigment, diarylide yellow, disazo condensation, flavan 
throne, isoindoline, isoindolinone, lead chromate, nickel azo 
yellow, organic metal complex, quinophthalone, yellow iron 
oxide, yellow oxide, Zinc chromate, perinone orange, pyra 
Zolone orange, anthraquinone, benzimidazolone, BON ary 
lamide, cadmium red, cadmium selenide, chrome red, dibro 
manthrone, diketopyrrolo-pyrrole pigment, disaZo 
condensation pigment, lead molybdate, perylene, pyran 
throne, quinacridone, quinophthalone, red iron oxide, red 
lead, toluidine red, tonor pigment, B-naphthol red, aluminum 
flake, aluminum non-leafing, gold bronze flake, Zinc dust, 
stainless steel flake, nickel flake, nickel powder, or a combi 
nation thereof. 

0081. In general embodiments, the pigment comprises an 
extender pigment. In some aspects, the extender pigment 
comprises a barium Sulphate, a calcium carbonate, a kaolin, a 
calcium Sulphate, a silicate, a silica, an alumina trihydrate, or 
a combination thereof. 

0082 In general embodiments, the coating comprises an 
additive. In some aspects, the additive comprises 0.001% to 
20.0% by weight, including all intermediate ranges and com 
binations thereof, of the coating. In specific facets, the addi 
tive comprises an accelerator, an adhesion promoter, an anti 
foamer, anti-insect additive, an antioxidant, an antiskinning 
agent, a buffer, a catalyst, a coalescing agent, a corrosion 
inhibitor, a defoamer, a dehydrator, a dispersant, a drier, elec 
trical additive, an emulsifier, a filler, a flame/fire retardant, a 
flatting agent, a flow control agent, a gloss aid, a leveling 
agent, a marproofing agent, a preservative, a silicone additive, 
a slip agent, a Surfactant, a light stabilizer, a rheological 
control agent, a wetting additive, or a combination thereof. In 
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additional aspects, the additive comprises a preservative. In 
specific aspects, the preservative comprises an in-can preser 
Vative, an in-film preservative, or a combination thereof. In 
general aspects, the preservative comprises a biocide. In par 
ticular facets, the biocide comprises a bactericide, a fungi 
cide, an algaecide, or a combination thereof. In other aspects, 
the additive comprises a wetting additive, a dispersant, or a 
combination thereof. In further aspects, the additive com 
prises an anti-foamer, a defoamer, or a combination thereof. 
In additional aspects, the additive comprises a rheological 
control agent. In particular facets, the rheological control 
agent comprises a thickener, a viscosifier, or a combination 
thereof. In specific aspects, the additive comprises a corrosion 
inhibitor. In some facets, the corrosion inhibitor comprises an 
in-can corrosion inhibitor, a flash corrosion inhibitor, or a 
combination thereof. In particular aspects, the additive com 
prises a light stabilizer. In specific facets, the light stabilizer 
comprises a UV absorber, a radical scavenger, or a combina 
tion thereof. 
0083. In some embodiments, the coating is a multi-pack 
coating. In particular aspects, the coating is stored in a two to 
five containers prior to application to the Surface. In specific 
aspects, 0.001% to 100% of the biomolecular composition, 
including all intermediate ranges and combinations thereof, 
is stored in a container of a multipack coating, and at least one 
additional coating component is stored in another container 
of a multipack coating. In some aspects, the container com 
prising the biomolecular composition further comprises an 
additional coating component. In particular facets, the addi 
tional coating component comprises a preservative, a wetting 
agent, a dispersing agent, a buffer, a liquid component, a 
rheological modifier, or a combination thereof. In specific 
facets, the additional coating component comprises glycerol. 
0084. The invention provides a method of detoxification 
of a Surface contaminated with an organophosphorus com 
pound, comprising the step of contacting a surface contami 
nated with an organophosphorous compound with a coating 
comprising a biomolecule composition, wherein the biomol 
ecule composition comprises a phosphoric triester hydrolase. 
In some aspects, the method further comprises the step of 
contacting the Surface with a caustic agent; a decontaminat 
ing foam, a combination of baking condition heat and carbon 
dioxide, or a combination thereof. 
0085. The invention provides a method of detoxification 
of an organophosphorus compound, comprising the step of 
contacting an organophosphorous compound with a coating 
comprising a biomolecule composition, wherein the biomol 
ecule composition comprises a phosphoric triester hydrolase. 
In some aspects, the method further comprises the step of 
contacting the organophosphorus compound with a caustic 
agent; a decontaminating foam, a combination of baking 
condition heat and carbon dioxide, or a combination thereof. 
I0086. The invention provides methods of reducing the 
concentration of an organophosphorus compound upon a Sur 
face, comprising the steps of applying to the Surface a coating 
comprising a biomolecule composition, wherein the biomol 
ecule composition comprises a phosphoric triester hydrolase, 
and contacting the Surface with an organophosphorus com 
pound. In some aspects, the method further comprises the 
step of contacting the Surface with a caustic agent; a decon 
taminating foam, a combination of baking condition heat and 
carbon dioxide, or a combination thereof. 
0087. In certain embodiments, the organophosphorus 
compound comprises a chemical warfare agent. In some 
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aspects, the chemical warfare agent comprises a persistent 
agent. In additional aspects, the chemical warfare agent com 
prises a G-agent, a V agent, or a combination thereof. In 
particular facets, the G-agent comprises Soman, Sarin, 
cyclosarin, tabun, or a combination thereof. In further facets, 
the V-agent comprises VX, Russian VX, or a combination 
thereof. In other facets, the organophosphorus compound 
comprises a pesticide. In particular facets, the pesticide com 
prises a persistent organophosphorous compound. In general 
facets, the pesticide comprises bromophos-ethyl, chlorpyri 
fos, chlorfenvinphos, chlorothiophos, chlorpyrifos-methyl, 
coumaphos, crotoxyphos, crufomate, cyanophos, diazinon, 
dichlofenthion, dichlorvos, dursban, EPN, ethoprop, ethyl 
parathion, etrimifos, famphur, fensulfothion, fenthion, 
fenthrothion, isofenphos, jodfenphos, leptophos-oxon, 
malathion, malaoxon, methyl-parathion, mevinphos, 
paraoxon, parathion, parathion-methyl, pirimiphos-ethyl, 
pirimiphos-methyl, pyrazophos, quinalphos, ronnel, Sulfo 
pros, Sulfotepp, trichloronate, or a combination thereof. 
I0088. The invention provides a coating or a paint compris 
ing, in various aspects, 0.001% to 40% by weight or volume 
a biomolecule composition, including all intermediate ranges 
and combinations thereof, wherein the biomolecule compo 
sition comprises an active biomolecule. The invention pro 
vides a coating or a paint comprising a biomolecule compo 
sition that comprise, in various aspects, a proteinaceous 
molecule that binds a ligand, an enzyme, a phosphoric triester 
hydrolase, an organophosphorus hydrolase, an organophos 
phorus hydrolase and a buffer, or a combination thereof. The 
invention further provides a coating or a paint comprising, in 
various further aspects, a microorganism based particulate 
material, a whole cell material, or a combination thereof, 
wherein the material comprises an active biomolecule, an 
enzyme, a phosphoric triester hydrolase, an organophospho 
rus hydrolase, an organophosphorus hydrolase and a buffer, 
or a combination thereof. The invention specifically provides 
a coating or paint comprising 0.001% to 40% by weight or 
Volume, including all intermediate ranges and combinations 
thereof, a microorganism based particulate material, a whole 
cell material, or a combination thereof, wherein the material 
comprises an active biomolecule. 
I0089. The invention provides a coating or paint, the 
improvement comprising inclusion of a biomolecule compo 
sition, wherein the biomolecule composition comprises an 
active biomolecule. 
0090 The invention provides a coating or paint, the 
improvement comprising inclusion of 0.001% to 40% by 
weight or Volume a biomolecule composition, wherein the 
biomolecule composition comprises an active biomolecule, a 
proteinaceous molecule that binds a ligand, an enzyme, a 
phosphoric triester hydrolase, an organophosphorus hydro 
lase, an organophosphorus hydrolase and a buffer, or any 
combination thereof. 
0091. The invention provides a coating or paint, the 
improvement comprising inclusion of a microorganism based 
particulate material, wherein the microorganism based par 
ticulate material that comprises an active biomolecule. 
0092. The invention provides a coating or paint, the 
improvement comprising inclusion of a whole cell particulate 
material, wherein the particulate material comprises an active 
biomolecule. 
0093. The invention provides a coating or paint, the 
improvement comprising inclusion of 0.001% to 40% by 
weight or volume of a whole cell particulate material, includ 
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ing all intermediate ranges and combinations thereof, 
wherein the whole cell particulate material comprises an 
active biomolecule. 
0094. The invention provides a coating or paint, the 
improvement comprising inclusion of a whole cell particulate 
material, wherein the particulate material comprises an 
enzyme. 
0095. The invention provides a coating or paint, the 
improvement comprising inclusion of a whole cell particulate 
material, wherein the particulate material comprises a phos 
phoric triester hydrolase. 
0096. The invention provides a coating or paint, the 
improvement comprising inclusion of a whole cell particulate 
material, wherein the particulate material comprises an orga 
nophosphorus hydrolase. 
0097. The invention provides a coating or paint, the 
improvement comprising inclusion of a whole cell particulate 
material, wherein the particulate material comprises an orga 
nophosphorus hydrolase and a buffer. 
0098. The invention provides a water-borne or a solvent 
borne coating or paint comprising a biomolecule composi 
tion, wherein the biomolecule composition comprises an 
active biomolecule. 

0099. The invention provides a latex or oil-based coating 
or paint comprising a whole cell particulate material, wherein 
the whole cell particulate material comprises a phosphoric 
triester hydrolase. In certain aspect the coating or paint com 
prises a buffer. 
0100. The invention provides a latex or oil-based coating 
or paint comprising a whole cell particulate material and a 
buffer, wherein the whole cell particulate material comprises 
a phosphoric triester hydrolase. In specific aspects, the coat 
ing or paint comprises 0.001% to 40% by weight or volume, 
including all intermediate ranges and combinations thereof, 
of a whole cell particulate material, wherein the whole cell 
particulate material comprises a phosphoric triester hydro 
lase. In certain aspects the coating or paint is a multipack 
coating. In some facets, one container of the multipack coat 
ing comprises 0.001% to 40%, by weight or volume of the 
coating or paint, including all intermediate ranges and com 
binations thereof, the whole cell particulate material. In cer 
tain aspects, the container comprising the whole cell particu 
late material further comprises a preservative, a wetting 
agent, a dispersing agent, the buffer, a liquid component, a 
rheological modifier, or a combination thereof. 
0101 The invention provides a two-pack a latex or oil 
based coating or paint, wherein one container comprises 100 
parts by Volume coating or paint, wherein a second container 
comprises 3 parts by Volume of a biomolecular composition 
comprising a whole cell particulate material, wherein the 
whole cell particulate material comprises an organophospho 
rus hydrolase, and wherein each part of the biomolecular 
composition comprises 1 mg of whole cell particulate mate 
rial and 50% glycerol and/or a buffer, and wherein the buffer 
comprises ammonium bicarbonate, a monobasic buffer, a 
dibasic phosphate buffer, Trizma base, a 5 Zwitterionic buffer, 
or a combination thereof.. 

0102 The invention also provides a non-film forming 
coating comprising a biomolecule composition, wherein the 
biomolecule composition comprises an active biomolecule. 
0103) The invention provides an elastomer comprising a 
biomolecule composition, wherein the biomolecule compo 
sition comprises an active biomolecule. 
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0104. The invention provided a filler comprising a biomol 
ecule composition, wherein the biomolecule composition 
comprises an active biomolecule. 
0105. The invention provides an adhesive comprising a 
biomolecule composition, wherein the biomolecule compo 
sition comprises an active biomolecule. 
0106 The invention provides a sealant comprising a bio 
molecule composition, wherein the biomolecule composition 
comprises an active biomolecule. 
0107 The invention provides a material applied to a tex 

tile, comprising a biomolecule composition, wherein the bio 
molecule composition comprises an active biomolecule. 
0108. The invention provides a wax comprising a biomol 
ecule composition, wherein the biomolecule composition 
comprises an active biomolecule. 
0109 The invention provides a surface treatment compris 
ing a biomolecule composition, wherein the biomolecule 
composition comprises an active biomolecule. In certain 
embodiments, the Surface treatment is a coating, a paint, a 
non-film forming coating, an elastomer, an adhesive, an seal 
ant, a material applied to a textile, or a wax. In other aspects, 
the Surface treatment comprises a pH indicator. 

DETAILED DESCRIPTION OF THE INVENTION 

0110. One skilled in the art will readily appreciate that the 
present invention is well adapted to carry out the objects and 
obtain the ends and advantages mentioned as well as those 
inherent therein. It should be understood, however, that the 
enzyme compositions, enzymes, microorganism-based par 
ticulate materials, compounds, coatings, paints, films, meth 
ods, procedures, and techniques described herein are pres 
ently representative of preferred embodiments. These 
techniques are intended to be exemplary, are given by way of 
illustration only, and are not intended as limitations on the 
Scope. Other objects, features, and advantages of the present 
invention will be readily apparent to one skilled in the art from 
the following detailed description; specific examples and 
claims; and various changes, Substitutions, other uses and 
modifications that may be made to the invention disclosed 
herein without departing from the scope and spirit of the 
invention or as defined by the scope of the appended claims. 
0111. As used herein other than the claims, the terms “a.” 
“an,” “the and “said” means one or more. As used herein in 
the claim(s), when used in conjunction with the words "com 
prises' or “comprising, the words “a” “an.” “the or “said 
may mean one or more than one. As used herein "another 
may mean at least a second or more. 
0112 All patents and publications mentioned in this speci 
fication are indicative of the levels of those skilled in the art to 
which the invention pertains. All patents and publications so 
referenced are herein incorporated by reference to the same 
extent as if each individual publication was specifically and 
individually indicated to be incorporated by reference. 
0113. As would be known to one of ordinary skill in the 

art, many variations of nomenclature are commonly used to 
refer to a specific chemical composition. Accordingly, several 
common alternative names may be provided herein in quota 
tions and parentheses/brackets, or other grammatical tech 
nique, adjacent to a chemical composition's preferred desig 
nation when referred to herein. Additionally, many chemical 
compositions referred to herein are further identified by a 
Chemical Abstracts Service registration number. As would be 
known to those of ordinary skill in the art, the Chemical 
Abstracts Service provides a unique numeric designation, 
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denoted herein as “CAS No. for specific chemicals and 
Some chemical mixtures, which unambiguously identifies a 
chemical composition's molecular structure. 
0114. In various embodiments described herein, exem 
plary values are specified as a range. Examples of such ranges 
cited herein include, for example, a size of a biomolecule, a 
tempature for growth and/or preparation of a microorganism, 
a chemical moiety's content in a coating component, a coat 
ing component's content in a coating composition and/or 
film, a coating component's mass, a glass transition tempera 
ture (“T”), a temperature for a chemical reaction (e.g., film 
formation, chemical modification of a coating component), 
the thickness of a coating and/or film upon a surface, etc. It 
will be understood that herein the phrase “including all inter 
mediate ranges and combinations thereof associated with a 
given range is all integers and sub-ranges comprised within a 
cited range. For example, citation of a range "0.03% to 
0.07%, including all intermediate ranges and combinations 
thereof is specific values within the sited range, such as, for 
example, 0.03%, 0.04%, 0.05%, 0.06%, and 0.07%, as well as 
Various combinations of such specific values, such as, for 
example, 0.03%, 0.06% and 0.07%, 0.04% and 0.06%, or 
0.05% and 0.07%, as well as sub-ranges such as 0.03% to 
0.05%, 0.04% to 0.07%, or 0.04% to 0.06%, etc. Addition 
ally, example 12 provides additional descriptions of specific 
numeric values within a cited range. 

A. Biomolecules 

0115. As used herein, a “biomolecule composition” of the 
present invention refers to a composition comprising a bio 
molecule. As used herein, a “biomolecule' refers to a com 
pound comprising of one or more chemical moieties typically 
Synthesized in living organisms, including but not limited to, 
an amino acid, a nucleotide, a polysaccharide or simple sugar, 
a lipid, or a combination thereof. A preferred biomolecule of 
the present invention comprises a proteinaceous molecule. As 
used herein a "proteinaceous molecule' comprises a polymer 
formed from amino acids, such as a peptide or a polypeptide. 
Examples of proteinaceous molecules include an enzyme, an 
antibody, a receptor, a transport protein, structural protein, or 
a combination thereof. Examples of a peptide include inhibi 
tory peptides of 3-15 amino acids. 
0116. In addition to the sources described herein for bio 
molecules, reagents, living cells, etc., one of ordinary skill in 
the art may obtain such materials and/or chemical formulas 
thereof for use in the present invention from convenient 
Source such as a public database, a biological depository, 
and/or a commercial vendor. For example, various nucleotide 
sequences, including those that encode amino acid 
sequences, may be obtained at a public database, such as the 
Entrez Nucleotides database found at: http://www.ncbi.nlm. 
nih.gov/entrez/query.fcgi?db=Nucleotide, which includes 
sequences from other databases including GenBank, RefSeq, 
and PDB. In another example, various amino acid sequences 
may be obtained at a public database, such as the Entrez 
databank found at: http://www.ncbi.nlm.nih.gov/entrez/ 
query.fcgi?db-Protein, which includes sequences from other 
databases including SwissProt, PIR, PRF, PDB, Gen Bank, 
and RefSeq. Additional examples of such databases are listed 
at: http://www.rcsb.org/pdb/links.html#Databases, and 
numerous nucleic acid sequences and/or encoded amino acid 
sequences can be obtained from such sources. In a further 
example, biological materials that comprise, or are capable of 
comprising such biomolecules (including living cells), may 
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be obtained from a depository such as the American Type 
Culture Collection (ATCC), P.O. Box 1549 Manassas, Va. 
20108, USA. 
0117. In an additional example, biomolecules, chemical 
reagents, biological materials, and equipment may be 
obtained, as is well known to those of ordinary skill in the art, 
from commercial vendors such as Amersham Biosciences.(R), 
800 Centennial Avenue, P.O. Box 1327, Piscataway, N.J. 
08855-1327 USA: BD Biosciences(R, including Clontech(R), 
Discovery Labware.R., Immunocytometry Systems(R and 
Pharmingen(R), 1020 East Meadow Circle, Palo Alto, Calif. 
94303-4230 USA; InvitrogenTM, 1600 Faraday Avenue, PO 
Box 6482, Carlsbad, Calif. 92008 USA; New England 
Biolabs(R, 32 Tozer Road, Beverly, Mass. 01915-5599 USA; 
Merck(R, One Merck Drive, P.O. Box 100, Whitehouse Sta 
tion, N.J. 08889-0100 USA; Novagene(R), 441 Charmany Dr., 
Madison, Wis. 53719-1234 USA; Promega(R, 2800 Woods 
Hollow Road, Madison Wis. 53711 USA; Pfizer R, including 
Pharmacia(R), 235 East 42nd Street, New York, N.Y. 10017 
USA; Quiagen R. 28159 Avenue Stanford, Valencia, Calif. 
91355 USA; Sigma-Aldrich R, including Sigma, Aldrich, 
Fluka, Supelco and Sigma-Aldrich Fine Chemicals, PO Box 
14508, Saint Louis, Mo. 63178 USA; Stratagene R, 11011 N. 
Torrey Pines Road, La Jolla, Calif. 92037 USA, etc. 
10118. In addition to those techniques specifically 
described herein, one of ordinary skill in the art may manipu 
late a cell, nucleic acid sequence, amino acid sequence, and 
the like, in light of the present disclosures, using standard 
techniques known in the art see, for example. In “Molecular 
Cloning” (Sambrook, J., and Russell, D. W., Eds.) 3rd Edi 
tion, Cold Spring Harbor, N.Y.: Cold Spring Harbor Labora 
tory Press, 2001: In “Current Protocols in Molecular Biol 
ogy” (Chanda, V. B. Ed.) John Wiley & Sons, 2002: In 
"Current Protocols in Nucleic Acid Chemistry” (Harkins, E. 
W. Ed.) John Wiley & Sons, 2002: In “Current Protocols in 
Protein Science” (Taylor, G. Ed.) John Wiley & Sons, 2002: 
In "Current Protocols in Cell Biology” (Morgan, K. Ed.) John 
Wiley & Sons, 2002; In "Current Protocols in Pharmacology” 
(Taylor, G. Ed.) John Wiley & Sons, 2002: In “Current Pro 
tocols in Cytometry” (Robinson, J. P. Ed.) John Wiley & 
Sons, 2002: In "Current Protocols in Immunology” (Coico, 
R. Ed.) John Wiley & Sons, 2002). 

B. Enzymes 

0119) The selection of a biomolecule for use in the present 
invention depends on the desired property that is to be con 
ferred to a composition of the present invention. A preferred 
biomolecule of the present invention comprises an enzyme, as 
enzymatic activity is a preferred property to be conferred to a 
biomolecule composition, coating and/or paint in the present 
invention. As used herein, the term “enzyme” refers to a 
molecule that possesses the ability to accelerate a chemical 
reaction, and comprises one or more chemical moieties typi 
cally synthesized in living organisms, including but not lim 
ited to, an amino acid, a nucleotide, a polysaccharide or 
simple sugar, a lipid, or a combination thereof. As used 
herein, the term “bioactive” refers to the ability of an enzyme 
to accelerate a chemical reaction differentiating such activity 
from a like ability of a composition, and/or a method that does 
not comprise an enzyme to accelerate a chemical reaction. 
I0120 In preferred embodiments, an enzyme comprises a 
proteinaceous molecule. It is contemplated that any proteina 
ceous molecule that functions as an enzyme, whether identi 
cal to the wild-type amino acid sequence encoded by an 
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isolated gene, a functional equivalent of such a sequence, or a 
combination thereof, may be used in the present invention. As 
used herein, a “wild-type enzyme refers to an amino acid 
sequence that functions as an enzyme and is identical to the 
sequence encoded by an isolated gene from a natural source. 
As used herein, a “functional equivalent” to the wild-type 
enzyme is a proteinaceous molecule comprising a sequence 
and/or a structural analog of a wild-type enzyme’s sequence 
and/or structure and functions as an enzyme. The functional 
equivalent enzyme may possess similar or the same enzy 
matic properties, such as catalyzing chemical reactions of the 
wild-type enzyme's EC classification, or may possess other 
desired enzymatic properties, such as catalyzing the desirable 
chemical reactions of an enzyme that is related to the wild 
type enzyme by sequence and/or structure. Examples of a 
functional equivalent of a wild-type enzyme are described 
herein, and include mutations to a wild-type enzyme 
sequence. Such as a sequence truncation, an amino acid Sub 
stitution, an amino acid modification, a fusion protein, or a 
combination thereof, wherein the altered sequence functions 
as an enzyme. 
0121. In certain embodiments, an enzyme may comprise a 
simple enzyme, a complex enzyme, or a combination thereof. 
As known herein, a “simple enzyme” is an enzyme wherein 
the chemical properties of moieties found in its amino acid 
sequence is sufficient for producing enzymatic activity. As 
known herein, a “complex enzyme’ is an enzyme whose 
catalytic activity functions only when anapo-enzyme is com 
bined with a prosthetic group, a co-factor, or a combination 
thereof. An “apo-enzyme’ is a proteinaceous molecule and is 
catalytically inactive without the prosthetic group and/or co 
factor. As known herein, a “prosthetic group' or “co-enzyme’ 
is non-proteinaceous molecule that is attached to the apo 
enzyme to produce a catalytically active complex enzyme. As 
known herein, a “holo-enzyme’ is a complex enzyme that 
comprises an apo-enzyme and a co-enzyme. As known 
herein, a “co-factor” is a molecule that acts in combination 
with the apo-enzyme to produce a catalytically active com 
plex enzyme. In some aspects, a prosthetic group is one or 
more bound metal atoms, a vitamin derivative, or a combina 
tion thereof. Examples of metal atoms that may be used as a 
prosthetic group and/or a co-factor include Ca, Cd, Co, Cu, 
Fe, Mg, Mn, Ni, Zn, or a combination thereof. Usually the 
metal atom is an ion, such as Ca", Cd", Co", Cu, Fe", 
Mg,Mn, Ni", Zn", or a combination thereof. As known 
herein, a “metalloenzyme” is a complex enzyme that com 
prises an apo-enzyme and a prosthetic group, wherein the 
prosthetic group comprises a metal atom. As known herein, a 
"metal activated enzyme’ is a complex enzyme that com 
prises an apo-enzyme and a co-factor, wherein the co-factor 
comprises a metal atom. 
0122. A chemical that binds a proteinaceous molecule is 
known herein as a “ligand.” As used herein, “bind' or “bind 
ing refers to a physical contact between the proteinaceous 
molecule at a specific region of the proteinaceous molecule 
and the ligand in a reversible fashion. Examples of binding 
interactions are well known in the art, and include Such inter 
actions as a ligand known as an “antigen' binding an anti 
body, a ligand binding a receptor, and the like. A portion of the 
proteinaceous molecule wherein Substrate binding occurs is 
known herein as a “binding site. A ligand that is acted upon 
by the enzyme in the accelerated chemical reaction is known 
herein as a “substrate.” A contact between the enzyme and a 
substrate in a fashion suitable for the accelerated chemical 
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reaction to proceed is known herein as “substrate binding. A 
portion of the enzyme involved in the chemical interactions 
that contributed to the accelerated chemical reaction is known 
herein as an “active site.” 

I0123. A chemical that slows or prevents the enzyme from 
conducting the accelerated chemical reaction is known herein 
as an “inhibitor.” A contact between the enzyme and the 
inhibitor in a fashion suitable for slowing or preventing the 
accelerated chemical reaction to proceed upon a target Sub 
strate is known herein as “inhibitor binding.” In some 
embodiments, inhibitor binding occurs at a binding site, an 
active site, or a combination thereof. In some aspects, an 
inhibitor's binding occurs without the inhibitor undergoing 
the chemical reaction. In specific aspects, the inhibitor may 
also be a substrate such as in the case of an inhibitor that 
precludes the enzyme from catalyzing the chemical reaction 
of a target substrate for the period of time inhibitor binding 
occurs at an active and/or binding site. In other aspects, an 
inhibitor undergoes the chemical reaction at a rate that is 
slower relative to a target Substrate. 
0.124. In some embodiments, enzymes may be described 
by the classification system of The International Union of 
Biochemistry and Molecular Biology (“IUBMB'). The 
IUBMB classifies enzymes by the type of reaction catalyzed 
and enumerates each Sub-class by a designated enzyme com 
mission number (“EC). The IUBMB classification of vari 
ous enzymes may be obtained using the computerized data 
base at http://www.chem.qmw.ac.uk/iubmb/enzyme?. Based 
on these broad categories, an enzyme may comprise an oxi 
doreductase (EC 1), a transferase (EC 2), a hydrolase (EC3), 
a lyase (EC 4), an isomerase (EC 5), a ligase (EC 6), or a 
combination thereof. Often, an enzyme may be able to cata 
lyze multiple reactions, and thus have multiple EC classifi 
cations. 
0.125 Generally, the chemical reaction catalyzed by an 
enzyme alters a moiety of a Substrate. As used herein, a 
“moiety' or “group, in the context of the field of chemistry, 
refers to a chemical Sub-structure that is a part of a larger 
molecule. Examples of moiety include an acid halide, an acid 
anhydride, an alcohol, an aldehyde, an alkane, an alkene, an 
alkylhalide, an alkyne, an amide, an amine, an arene, an aryl 
halide, a carboxylic acid, an ester, an ether, a ketone, a nitrile, 
a phenol, a sulfide, a Sulfonic acid, a thiol, etc. 
0.126 An oxidoreductase catalyzes an oxido-reduction of 
a Substrate, wherein the Substrate is either a hydrogen donor 
and/or an electron donor. An oxidoreductase is generally 
classified by the substrate moiety that is the donor or acceptor. 
Examples of oxidoreductases include an oxidoreductase that 
acts on a donor CH-OH moiety, (EC 1.1); andonor aldehyde 
or a donor oxo moiety, (EC 1.2); a donor CH-CH moiety, 
(EC 1.3); a donor CH NH, moiety, (EC 1.4); a donor 
CH-NH moiety, (EC 1.5); a donor nicotinamide adenine 
dinucleotide (“NADH) or a donor nicotinamide adenine 
dinucleotide phosphate (“NADPH'), (EC 1.6); a donor 
nitrogenous compound, (EC 1.7); a donor Sulfur moiety, (EC 
1.8); a donor heme moiety, (EC 1.9); a donor diphenol or a 
related moiety as donor, (EC 1.10); a peroxide as an acceptor, 
(EC 1.11); a donor hydrogen, (EC 1.12); a single donor with 
incorporation of molecular oxygen ('oxygenase”), (EC 
1.13); a paired donor, with incorporation or reduction of 
molecular oxygen, (EC 1.14); a Superoxide radical as an 
acceptor, (EC 1.15); an oxidoreductase that oxidises a metal 
ion, (EC 1.16); an oxidoreductase that acts on a donor CH2 
moiety, (EC 1.17); a donor iron-sulfur protein, (EC 1.18); a 
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donor reduced flavodoxin, (EC 1.19); a donor phosphorus or 
donor arsenic moiety, (EC 1.20); an oxidoreductase that acts 
on an X H and anY H to form an X Ybond, (EC 1.21); 
as well as a other oxidoreductase, (EC 1.97) Is this the right 
number?; or a combination thereof. 
0127. A transferase catalyzes the transfer of a moiety from 
a donor compound to an acceptor compound. A transferase is 
generally classified based on the chemical moiety transferred. 
Examples of transferases includean transferase that catalyzes 
the transfer of a one-carbon moiety, (EC 2.1); an aldehyde or 
a ketonic moiety, (EC 2.2); an acyl moiety, (EC 2.3); a gly 
cosyl moiety, (EC 2.4); an alkyl or an aryl moiety other than 
a methyl moiety, (EC 2.5); a nitrogenous moiety, (EC 2.6); a 
phosphorus-containing moiety, (EC 2.7); a Sulfur-containing 
moiety, (EC 2.8); a selenium-containing moiety, (EC 2.9); or 
a combination thereof. 

0128. A hydrolase catalyses the hydrolysis of a chemical 
bond. A hydrolase is generally classified based on the chemi 
cal bond cleaved or the moiety released or transferred by the 
hydrolysis reaction. Examples of hydrolases include a hydro 
lase that catalyzes the hydrolysis of an ester bond, (EC 3.1); a 
glycosyl released/transferred moiety, (EC 3.2); an ether bond, 
(EC 3.3); a peptide bond, (EC 3.4); a carbon-nitrogen bond, 
other than a peptide bond, (EC 3.5); an acid anhydride, (EC 
3.6); a carbon-carbonbond, (EC 3.7); a halide bond, (EC 3.8); 
a phosphorus-nitrogen bond, (EC 3.9); a Sulfur-nitrogen 
bond, (EC 3.10); a carbon-phosphorus bond, (EC 3.11); a 
sulfur-sulfur bond, (EC 3.12); a carbon-sulfur bond, (EC 
3.13); or a combination thereof. 
0129. A lyase catalyzes the cleavage of a chemical bond 
by reactions other than hydrolysis or oxidation. A lyase is 
generally classified based on the chemical bond cleaved. 
Examples of lyases include a lyase that catalyzes the cleavage 
of a carbon-carbon bond, (EC 4.1); a carbon-oxygen bond, 
(EC 4.2); a carbon-nitrogen bond, (EC 4.3); a carbon-sulfur 
bond, (EC 4.4); a carbon-halide bond, (EC 4.5); a phospho 
rus-oxygen bond, (EC 4.6); a other lyase, (EC 4.99) Is this 
the right number?; or a combination thereof. 
0130. An isomerase catalyzes a change within one mol 
ecule. Examples of isomerases include a racemase or an 
epimerase, (EC 5.1); a cis-trans-isomerases, (EC 5.2); an 
intramolecular isomerase, (EC 5.3); an intramolecular trans 
ferase, (EC 5.4); an intramolecular lyase, (EC 5.5); a other 
isomerases, (EC 5.99) Is this the right number?; or a com 
bination thereof. 

0131) A ligase catalyses the formation of a chemical bond 
between two substrates with the hydrolysis of a diphosphate 
bond of a triphosphate Such as ATP. A ligase is generally 
classified based on the chemical bond created. Examples of 
lyases include a ligase that form a carbon-oxygenbond. (EC 
6.1); a carbon-sulfur bond, (EC 6.2); a carbon-nitrogen 
bond, (EC 6.3); a carbon–carbon bond, (EC 6.4); a phos 
phoric ester bond, (EC 6.5); or a combination thereof. 
(0132 
0133) A preferred enzyme for use in the present invention 
comprises a hydrolase. A preferred hydrolase comprises an 
esterase. A preferred esterase comprises an esterase that cata 
lyzes the hydrolysis of an organophosphorus compound. 
Examples of such preferred esterases are those identified by 
enzyme commission number EC 3.1.8, the phosphoric tri 
ester hydrolases. As used herein, a phosphoric triester hydro 
lase catalyzes the hydrolytic cleavage of an ester from a 
phosphorus moiety. Examples of a phosphoric triester hydro 

1. Preferred Enzymes 
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lase include an aryldialkylphosphatase, a diisopropyl-fluoro 
phosphatase, or a combination thereof. 
I0134. An aryldialkylphosphatase (EC 3.1.8.1) is also 
known by its systemic name “aryltriphosphate dialkylphos 
phohydrolase.” and various enzymes in this category have 
been known in the art by names Such as “organophosphate 
hydrolase”; “paraoxonase”: “A-esterase”; “aryltriphos 
phatase”; “organophosphate esterase”; “esterase B1”: 
“esterase E4'; 'paraoxon esterase”; “pirimiphos-methyloxon 
esterase: “OPA anhydrase”; “organophosphorus hydro 
lase”; “phosphotriesterase”; “PTE: “paraoxon hydrolase': 
“OPH'; and “organophosphorus acid anhydrase.” An aryl 
dialkylphosphatase catalyzes the following reaction: aryl 
dialkyl phosphate+HO-an aryl alcohol-dialkyl phosphate. 
Examples of an aryl dialkyl phosphate include an organo 
phosphorus compound comprising a phosphonic acid ester, a 
phosphinic acid ester, or a combination thereof. 
0.135 A diisopropyl-fluorophosphatase (EC 3.1.8.2) is 
also known by its systemic name "diisopropyl-fluorophos 
phate fluorohydrolase.” and various enzymes in this category 
have been known in the art by names such as “DFPase': 
"tabunase'; 'Somanase”; “organophosphorus acid anhydro 
lase”; “organophosphate acid anhydrase”; “OPA anhydrase': 
“diisopropylphosphofluoridase': “dialkylfluorophos 
phatase”; “diisopropyl phosphorofluoridate hydrolase': “iso 
propylphosphorofluoridase'; and “diisopropylfluorophos 
phonate dehalogenase. A diisopropyl-fluorophosphatase 
catalyzes the following reaction: diisopropyl fluorophos 
phate+HO fluoride+diisopropyl phosphate. Examples of a 
diisopropyl fluorophosphates include an organophosphorus 
compound comprising a phosphorus-halide, a phosphorus 
cyanide, or a combination thereof. 
0.136 Examples of phosphoric triester hydrolases and 
cleaved OP compounds and bond types are shown at Table 1. 

TABLE 1 

Phosphoric Triester Hydrolases 

OP Compound Phosphoryl Bond-Type and 
Phosphoryl Bond Types Cleaved by Enzyme 

Various OP Sarin, VX, 
Pesticides Soman R-VX Tabun 

Enzyme P C P O P F P. S P. CN 

OPHa-b-c-a.es/g -- -- -- -- 

Human -- -- -- -- 

Paraoxonase's 
OPAA-2- -- -- -- 

Squid DFPase” -- 

Dumas, D. P. et al., 1989a; 
Dumas, D. P. et al., 1989b; 
TOumas, D. P. et al., 1990; 
Dave, K. I. et al., 1993; 
Chae, M.Y. et al., 1994; 

JLai, K. et al., 1995; 
3Kolakowski, J. E. et al., 1997: 
Hassett, C. et al., 1991; 

‘Josse, D. et al., 2001; 
Josse, D. et al., 1999; 
DeFrank, J.J. et al. 1993; 

'Cheng, T-C. et al., 1996; 
"Hoskin, F. C. G. and Roush, A. H., 1982. 

0.137. A preferred substrate for a composition of the 
present invention comprises an organophosphorus com 
pound. As used herein, an “organophosphorus compound is 
a compound comprising a phosphoryl center, and further 
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comprises two or three ester linkages. In some aspects, the 
type of phosphoester bond and/or additional covalent bond at 
the phosphoryl center classifies an organophosphorus com 
pound. In embodiments wherein the phosphorus is linked to 
an oxygen by a double bond (P=O), the OP compound is 
known as an “oxon OP compound' or “oxon organophospho 
rus compound. In embodiments wherein the phosphorus is 
linked to a sulfur by a double bond (P=S), the OP compound 
is known as a “thion OP compound' or “thion organophos 
phorus compound.” Additional examples of bond-type clas 
sified OP compounds include a phosphonocyanate, which 
comprises a P CN bond; a phosphoroamidate, which com 
prises a P-N bond; a phosphotriester, which comprises a 
P Obond; a phosphodiester, which comprises a P Obond; 
a phosphonofluoridate, which comprises a P-F bond; and a 
phosphonothiolate, which comprises a P S bond. A “dim 
ethyl OP compound' comprises two methyl moieties 
covalently bonded to the phosphorus atom, Such as, for 
example, malathion. A "diethyl OP compound' comprises 
two ethoxy moieties covalently bonded to the phosphorus 
atom, Such as, for example, diazinon. 
0.138. In general embodiments, an OP compound com 
prises an organophosphorus nerve agent or an organophos 
phorus pesticide. As used herein, a “nerve agent' is an inhibi 
tor of a cholinesterase, including but not limited to, an acetyl 
cholinesterase, a butyl cholinesterase, or a combination 
thereof. The toxicity of an OP compound depends on the rate 
of release of its phosphoryl center (e.g., P. C. P. O. P. F. 
P. S. P. CN) from the target enzyme (Millard, C. B. et al., 
1999). Preferred nerve agents are inhibitors of a cholinest 
erase (e.g., acetylcholinesterase) whose catalytic activity is 
often critical for health and Survival in animals, including 
humans. 
0139 Certain OP compounds are so toxic to humans that 
they have been adapted for use as chemical warfare agents, 
Such as tabun, Soman, Sarin, cyclosarin, VX, and R VX. A 
CWA may be in airborne form and such a formulation is 
known herein as an “OP-nerve gas.” Examples of airborne 
forms include a gas, a vapor, an aerosol, a dust, or a combi 
nation thereof. Examples of an OP compounds that may be 
formulated as an OP nerve gas include tabun, Sarin, Soman, 
VX, GX, or a combination thereof. 
0140. In addition to the initial inhalation route of exposure 
common to Such agents, CWAS, especially persistent agents 
Such as VX and thickened Soman, pose threats through dermal 
absorption. In “Chemical Warfare Agents: Toxicity at Low 
Levels.” (Satu M. Somani and James A. Romano, Jr., Eds.) p. 
414, 2001. As used herein, a “persistent agent' is a CWA 
formulated to be non-volatile and thus remain as a solid or 
liquid while exposed to the open air for more than three hours. 
Often after release, a persistent agent may convert from an 
airborne dispersal form to a solid or liquid residue on a Sur 
face, thus providing the opportunity to contact the skin of a 
human. The toxicities for common OP chemical warfare 
agents after contact with skin are shown at Table 2. 

TABLE 2 

LDso Values of Common Organophosphorus 
Chemical Warfare Agents 

Common OP Estimated human LDso-percutaneous (skin) 
CWA administration 

Tabun 1000 milligrams (“mg) 
Sarin 1700 mg 
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TABLE 2-continued 

LDso Values of Common Organophosphorus 
Chemical Warfare Agents 

Common OP Estimated human LD50 - percutaneous (skin) 
CWA administration 

Soman 100 mg 
VX 10 mg 

*LD50-the dose need to kill 50% of individuals in a population after administration, wherein 
the individuals weigh approximately 70 kg, 

0.141. In some embodiments, an OP compound may be a 
particularly poisonous organophosphorus nerve agent. As 
used herein, aparticularly poisonous agent is a composition 
with a LDso of 35 mg/kg or less for an organism after percu 
taneous ('skin') administration of the agent. Examples of a 
particularly poisonous OP nerve agent include tabun, Sarin, 
cyclosarin, soman, VX, R—VX, or a combination thereof. 
0142. As used herein, “detoxification.” “detoxify.” 
“detoxified.” “degradation.” “degrade and “degraded’ 
refers to a chemical reaction of a compound that produces a 
chemical byproduct that is less harmful to the health or sur 
vival of a target organism contacted with the chemical prod 
uct relative to contact with the parent compound. OP com 
pounds may be detoxified using chemical hydrolysis or 
through enzymatic hydrolysis (Yang, Y.-C. et al., 1992; Yang, 
Y-C. et al., 1996; Yang, Y.-C. et al., 1990; LeJeune, K. E. et 
al., 1998a). In general embodiments, the enzymatic hydroly 
sis is a specifically targeted reaction wherein the OP com 
pound is cleaved at the phosphoryl center's chemical bond 
resulting in predictable byproducts that are acidic in nature 
but benign from a neurotoxicity perspective (Kolakowski, J. 
E. et al., 1997: Rastogi, V. K. et al., 1997; Dumas, D. P. et al., 
1990; Raveh, L. et al., 1992). By comparison, chemical 
hydrolysis can be much less specific, and in the case of VX 
may produce Some quantity of byproducts that approach the 
toxicity of the intact agent (Yang, Y.-C. et al., 1996; Yang, 
Y-C. et al., 1990). In preferred facets, an enzyme composi 
tion of the present invention degrades a CWA, a particularly 
poisonous organophosphorus nerve agent, or a combination 
thereof into byproduct that is not particularly poisonous. 
0143. Many OP compounds are pesticides that are not 
particularly poisonous to humans, though they do possess 
varying degrees of toxicity to humans and other animals. 
Examples of an OP pesticide include bromophos-ethyl, chlo 
rpyrifos, chlorfenVinphos, chlorothiophos, chlorpyrifos-me 
thyl, coumaphos, crotoxyphos, crufomate, cyanophos, diazi 
non, dichlofenthion, dichlorvos, dursban, EPN, ethoprop, 
ethyl-parathion, etrimifos, famphur, fensulfothion, fenthion, 
fenthrothion, isofenphos, jodfenphos, leptophos-oxon, 
malathion, methyl-parathion, mevinphos, paraoxon, par 
athion, parathion-methyl, pirimiphos-ethyl, pirimiphos-me 
thyl, pyrazophos, quinalphos, ronnel, Sulfopros, Sulfotepp, 
trichloronate, or a combination thereof. In some embodi 
ments, a composition of the present invention degrades a 
pesticide into a byproduct that is less toxic to an organism. In 
specific aspects, the organism is an animal. Such as a human. 
0144) a. OPH 
0145 Organophosphorus hydrolase (E.C.3.1.8.1) has 
been also refered to in that art as “organophosphate-hydro 
lyzing enzyme.” “phosphotriesterase.” “PTE.” “organophos 
phate-degrading enzyme.” “OP anhydrolase.” “OP hydro 
lase.” “OP thiolesterase.” “organophosphorus triesterase.” 
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“parathion hydrolase.” “paraoxonase. “DFPase.” “soma 
nase.” “VXase, and “sarinase.” As used herein, this type of 
enzyme will be referred to herein as “organophosphorus 
hydrolase” or “OPH.” 
0146 The initial discovery of OPH was from two bacterial 
strains from the closely related genera: Pseudomonas 
diminuta and Flavobacterium spp. (McDaniel, S. et al., 1988: 
Harper, L. et al., 1988), which encoded identical organophos 
phorus degrading opd genes on large plasmids (Genbank 
accession no. M20392 and Genbank accession no. M22863) 
(copending U.S. patent application Ser. No. 07/898,973, 
incorporated herein in its entirety by reference). It is likely 
that Pseudomonas diminuta was derived from the Flavobac 
terium spp. Subsequently, other Such OPH encoding genes 
have been discovered. The use of any opd gene or their gene 
product in the described compositions and methods is con 
templated. Examples of opd genes and gene products that 
may be used include the Agrobacterium radiobacter P230 
organophosphate hydrolase gene, opdA (Genbank accession 
no. AY043245; Entrez databank no. AAK85308); the Fla 
vobacterium balustinum opd gene for parathion hydrolase 
(Genbank accession no. AJ426431; Entrez, databank no. 
CAD 19996); the Pseudomonas diminuta phosphodiesterase 
opd gene (Genbank accession no. M20392; Entrez databank 
no. AAA98299; Protein Data Bank entries 1.JGM, 1 DPM, 
1EYW, 1 EZ2, 1HZY, 1IOB, 1IOD, 1PSC and 1PTA); the 
Flavobacterium sp opd gene (Genbank accession no. 
M22863; Entrez databank no. AAA24931; ATCC 27551); the 
Flavobacterium sp. parathion hydrolase opd gene (Genbank 
accession no. M29593: Entrez, databank no. AAA24930; 
ATCC 27551); or a combination thereof (Home, I. et al., 
2002: Somara, S. et al., 2002; McDaniel, C. S. et al., 1988a; 
Harper, L. L. et al., 1988: Mulbry, W. W. and Karns, J. S., 
1989). 
0147 Because OPH possesses the desirable property of 
cleaving a broad range of OP compounds (Table 1), it is the 
OP detoxifying enzyme that has been most studied and char 
acterized, with the enzyme obtained from Pseudomonas 
being the target of focus for most studies. This OPH was 
initially purified following expression from a recombinant 
baculoviral vector in insect tissue culture of the Fall Army 
worm, Spodoptera frugiperda (Dumas, D. P. et al., 1989b). 
Purified enzyme preparations have been shown to be able to 
detoxify via hydrolysis a wide spectrum of structurally 
related insect and mammalian neurotoxins that function as 
acetylcholinesterase inhibitors. Of great interest, this detoxi 
fication ability included a number of organophosphorofluo 
ridate nerve agents such as Sarin and Soman. This was the first 
recombinant DNA construction encoding an enzyme capable 
of degrading these potent nerve gases. This enzyme was 
capable of degrading the common organophosphorus insec 
ticide analog (paraoxon) at rates exceeding 2x10'M' (mole 
enzyme), which is equivalent to the most catalytically effi 
cient enzymes observed in nature. The purified enzyme 
preparations are capable of detoxifying Sarin and the less 
toxic model mammalian neurotoxin O.O-diisopropyl phos 
phorofluoridate (“DFP) at the equivalent rates of 50-60 mol 
ecules per molecule of enzyme-dimer per second. In addition, 
the enzyme can hydrolyze Soman and VX at approximately 
10% and 1% of the rate of sarin, respectively. The breadth of 
Substrate utility (e.g., V agents, Sarin, Soman, tabun, cycosa 
rin, OP pesticides) and the efficiency for the hydrolysis 
exceeds the known abilities of other prokaryotic and eukary 
otic organophosphorus acid anydrases, and it is clear that this 
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detoxification is due to a single enzyme rather thana family of 
related, substrate-limited proteins. 
0.148. The X-ray crystal structure of Pseudomonas OPH 
has been determined (Benning, M. M. et al., 1994; Benning, 
M. M. et al., 1995; Vanhooke, J. L. et al., 1996). Each OPH 
monomer's active site binds two atoms of Zn"; however, 
OPH is usually prepared wherein Co" replaces Zn", which 
enhances catalytic rates. Examples of the catalytic rates (k) 
and specificities (k/K) for Co" substituted OPH against 
various OP compounds are shown at Table 3 below. 

TABLE 3 

Catalytic Activity of Wild-Type OPH binding Co. 

k...(s) k/K (M's') 
OP Pesticide Substrate 

Paraoxon 15000 1.3 x 10 
OPCWA Substrates 

Sarin 56 8 x 10' 
Soman 5b 1 x 10 
VX O.3 7.5 x 102 
R-VX O.5e 105 
Tabun 77d 7.6 x 10 

*Wild-type Zn' OPH was used in obtaining these kinetic parameters; 
disioudi, B, et al., 1999a; 
Kolakoski, J. E. et al., 1997; 
Rastogi, V.K. et al., 1997; 
Raveh, L. et al., 1992. 

014.9 The phosphoryl center of OP compounds is chiral, 
and Pseudomonas OPH preferentially binds and/or cleaves 
Senantiomers over Renantiomers of the chiral phosphorus 
in various substrates by a ratio of about 10:1 to about 90:1 
(Chen-Goodspeed, M. et al., 2001a; Hong, S.-B. and Raushel, 
F. M., 1999a; Hong, S.-B. and Raushel, F. M., 1999b). CWAS 
Such as VX, Sarin, and Soman are usually prepared and used as 
a mixture of sterioisomers of varying toxicity, with VX and 
Sarin having two enantomers each, with the chiral center 
around the phosphorus of the cleavable bond. Soman pos 
sesses four enantomers, with one chiral center based on the 
phosphorus and an additional chiral center based on a pina 
colyl moeity In “Chemical Warfare Agents: Toxicity at Low 
Levels' (Satu M. Somani and James A. Romano, Jr., Eds.) pp 
26-29, 2001: Li, W.-S. et al., 2001; Yang, Y-C. et al., 1992: 
Benshop, H. P. et al., 1988). The S enantiomer of sarin is 
about 10 times faster in inactivating acetylcholinesterase 
than the Renantiomer (Benschop, H. P. and DeJong, L. P. A. 
1988), while the two Senantiomers of soman is about 10 
times faster in inactivating acetylcholinesterase than the R. 
enantiomers (Li, W.-S. et al., 2001; Benschop, H. P. et al., 
1984). Wild-type organophosphorus hydrolase seems to have 
greater specificity for the less toxic enantiomers of Sarin and 
soman. OPH is about 9-fold faster cleaving an analog of the 
Renantiomer of sarin relative to an analog of the Senanti 
omer, and about 10-fold faster in cleaving analogs of the R. 
enantiomers of Soman relative to analogs of the S enanti 
omers (Li, W.-S. et al., 2001). 
O150 
0151 Human paraoxonase (EC 3.1.8.1), is a calcium 
dependent protein, and is also known as an “arylesterase' or 
aryl-ester hydrolase' (Josse, D. et al., 1999; Vitarius, J.A. and 
Sultanos, L. G., 1995). Examples of the human paraoxonase 
(“HPON1) gene and gene products can be accessed at (Gen 

b. Paraoxonase 
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bank accession no. M63012: Entrez, databank no. 
AAB59538) (Hassett, C. et al., 1991). 
0152 
0153. It is contemplated that a carboxylase gene isolated 
from an animal may be used as an organophosphate hydrolase 
in the present invention. As used herein, a “carboxylase' or 
“ali-esterase” (EC 3.1.1.1) is an enzyme that hydrolytically 
cleaves carboxylic esters (e.g., C-O bonds). AS is well 
known to those of ordinary skill in the art, most genes in 
eukaryatic organisms have multiple alleles which comprise 
varient nucleotide and/or expressed protein sequences for a 
particular gene. Certain insect species have been identified 
with reduced carboxylase activity and enhanced resistance to 
OP compounds such as malathion or diazinon. Examples of 
insect species include Plodia interpunctella, Chrysomya 
putoria, Lucilia cuprina, and Musca domestica. In particular, 
an allele of a carboxylase gene possessing organophosphate 
hydrolase (EC 3.1.8.1) activity is thought to be responsible 
for OP compound resistance. Examples of such carboxylase 
genes include alleles isolated from Lucilia cuprina (Genbank 
accession no. U56636; Entrez, databank no. AAB67728), 
Musca domestica (Genbank accession no. AF133341; Entrez 
databank no. AAD29685), or a combination thereof (Claudi 
anos, C. et al., 1999; Campbell, P. M. et al., 1998: Newcomb, 
R. D. et al., 1997). Additionally, carboxylases or carbamoyl 
lyases are useful against the carbamate nerve agents, and are 
specifically contemplated for use in biomolecule composi 
tion of the present invention for use against Such agents. 
0154 d. OPAAs, Prolidases, Aminopeptideases and PepQ 
0155 Organophosphorus acid anhydrolases (E.C.3.1.8. 
2), known as “OPAAs, have been isolated from microorgan 
isms and identified as enzymes that detoxify OP compounds 
(Serdar, C. M. and Gibson, D.T., 1985; Mulbry, W. W. et al., 
1986; DeFrank, J. J. and Cheng, T-C., 1991). The better 
characterized OPAAs have been isolated from Altermonas 
species, such as Alteromonas Sp JD6.5. Alteromonas 
haloplanktis and Altermonas undina (ATCC 29660) (Cheng, 
T.-C. et al., 1996; Cheng, T-C. et al., 1997: Cheng, T. C. et al., 
1999; Cheng, T-C. et al., 1993). Examples of OPAA genes 
and gene products that may be used include the Alteromonas 
sp JD6.5 opaA gene, (GeneBank accession no. U29240; 
Entrez, databank no. AAB05590); the Alteromonas 
haloplanktis prolidase gene (GeneBank accession no. 
U56398; Entrez databank AAA99824; ATCC 23821); or a 
combination thereof (Cheng, T. C. et al., 1996; Cheng, T.-C. 
et al., 1997). The wild-type encoded OPAA from Alteromo 
nas sp JD6.5 is 517 amino acids, while the wild-type encoded 
OPAA from Alteromonas haloplanktis is 440 amino acids 
(Cheng, T. C. et al., 1996; Cheng, T-C. et al., 1997). The 
Alteromonas OPAAS accelerates the hydrolysis of phospho 
triesters and phosphofluoridates, including cyclosarin, Sarin 
and Soman (Table 4). 

c. Carboxylases 

TABLE 4 

Catalytic Activity of Wild-Type OPAAS 

ka, (S) per Species OPAA per OP Substrate 

A. sp. JD6.5 A. haloplanktis A. undina 

OP CompoundSubstrate 

DFP 1650 575a 12396 
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TABLE 4-continued 

Catalytic Activity of Wild-Type OPAAS 

ka, (S) per Species OPAA per OP Substrate 

A. sp. JD6.5 A. haloplanktis A. undina 

OPCWA Substrates 

Sarin 611 257. 376. 
CycloSarin 1650 269 1586 
Soman 3.145° 1389 2496 
Tabun 85. 113 292. 

Cheng, T. C. et al., 1999 

0156 Similar to OPH, OPAA from Alteromonas sp JD6.5 
(“OPAA-2) has a general binding and cleavage preference 
up to 112:1 for the Senantiomers of various p-nitrophenyl 
phosphotriesters (Hill, C. M. et al., 2000). Additionally, 
OPAA from Alteromonas sp JD6.5 is over 2 fold faster at 
cleaving an Senantiomer of a sarin analog, and over 15-fold 
faster in cleaving analogs of the R enantiomers of Soman 
relative to analogs of the Senantiomers (Hill, C. M. et al., 
2001). 
0157 Additionally, a prolidase (“imidodipeptidase.” 
“proline dipeptidase.” “peptidase D.” “g-peptidase'), PepO 
and/or aminopeptidase P gene or gene product with OPAA 
activity, or a functional equivalent thereof may be used in the 
present invention. OPAAS possess sequence and structural 
similarity to human prolidase, Escherichia coli aminopepti 
dase P and Escherichia coli PepQ (Cheng, T-C. et al., 1997: 
Cheng, T-C. et al., 1996). A prolidase or a PepO protein (E.C. 
3.4.13.9) hydrolyzes a C N bond of a dipeptide with a prolyl 
residue at the carboxyl-terminus, and OPAAs are also classi 
fied as prolidases. An aminopeptidase P (EC 3.4.11.9) hydro 
lyzes the C-N amino bond of a proline at the penultimate 
position from the amino terminus of an amino acid sequence. 
Partly purified human and porcine prolidase demonstrated the 
ability to cleave DFP and G-type nerve agents (Cheng, T-C. 
et. al., 1997). Examples of prolidase genes and gene products 
include the Mus musculus prolidase gene (GeneBank acces 
sion no. D82983: Entrez databank no. BAB1 1685); the Homo 
sapien prolidase gene (GeneBank accession no. J04605; 
Entrez, databank AAA60064); the Lactobacillus helveticus 
prolidase (“PepG”) gene (GeneBank accession no. 
AF012084: Entrez databank AAC24966); the Escherichia 
coli prolidase ("pepO”) gene (GeneBank accession no. 
X54687: Entrez databank CAA38501); the Escherichia coli 
aminopeptidase P (pepP) gene (GeneBank accession no. 
D00398; Entrez databank BAA00299; Protein Data Bank 
entries 1A16, 1AZ9, 1JAW and 1M35); or a combination 
thereof (Ishii, T. et al., 1996: Endo, F. et al., 1989; Nakahi 
gashi, K. and Inokuchi, H., 1990; Yoshimoto, T. et al., 1989). 
0158 e. Squid-Type DFPases 
0159. As used herein, a “squid-type DFPase” (EC 3.1.8.2) 
refers to an enzyme that catalyzes the cleavage of both DFP 
and Soman, and is isolated from organisms of the Loligo 
genus. Generally, a squid-type DFPase cleaves DFPata faster 
rate than Soman. Squid-type DFPases include, for example, a 
DFPase from Loligo vulgaris, Loligo pealei, Loligo opal 
escens, or a combination thereof (Hoskin, F.C. G. et al., 1984; 
Hoskin, F. C. G. et al., 1993; Garden, J. M. et al., 1975). 
0160 A well-characterized example of a squid-type 
DFPase includes the DFPase that has been isolated from the 
optical ganglion of Loligo vulgaris (Hoskin, F. C. G. et al., 
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1984). This squid-type DFPase cleaves a variety of OP com 
pounds, including DFP. Sarin, cyclosarin, Soman, and tabun 
(Hartleib, J. and Ruterjans, H., 2001a). The gene encoding 
this squid-type DFP has been isolated, and can be accessed at 
GeneBank accession no. AXO18860 (International patent 
publication: WO9943791-A). Further, this enzyme's X-ray 
crystal structure has been determined (Protein Data Bank 
entry 1E1A) (Koepke, J. et al., 2002; Scharff, E. I. et al., 
2001). This squid-type DFPase binds two Ca" ions, which 
are important in catalytic activity and enzyme stability 
(Hartleib, J. et al., 2001). Both the DFPase from Loligo vul 
garis and Loligo pealei are susceptible to proteolytic cleavage 
into a 26-kDa and 16 kDa fragments, and the fragments from 
Loligo vulgaris are capable of forming active enzyme when 
associated together (Hartleib, J. and Ruterjans, H., 2001a). 
(0161 f. Mazur-Type DFPases 
(0162. As used herein, a “Mazur-type DFPase” (EC 3.1.8. 
2) refers to an enzyme that catalyzes the cleavage of both DFP 
and soman. Generally, Mazur-type DFPases cleaves soman at 
a faster rate than DFP. Examples of a Mazur-type DFPases 
include the DFPase isolated from mouse liver (Billecke, S.S. 
et al., 1999), which may be the same as the DFPase known as 
SMP-30 (Fujita.T. et al., 1996: Bilecke, S. S. et al., 1999; 
Genebank accession no. U28937: Entrez, databank 
AAC52721); a DFPase isolated from rat liver (Little, J. S. et 
al., 1989); a DFPase isolated from hog kidney; a DFPase 
isolated from Bacillus stearothermophilus strain OT, a 
DFPase isolated from Escherichia coli (ATCC25922) 
(Hoskin, F. C. G. et al., 1993: Hoskin, F. C. G., 1985); or a 
combination thereof. 
0163 g. Other Phosphoric Triester Hydrolases 
0164. It is contemplated that any phosphoric triester 
hydrolase that is known in the art may be used in preferred 
embodiments of the present invention. An example of an 
additional phosphoric triester hydrolase includes the product 
of the gene, mpd. (GenBank accession number AF338729; 
Entrez, databank AAK14390) isolated from Plesiomonas sp. 
strain M6 (Zhongli, C. et al., 2001). Other examples include 
the phosphoric triester hydrolase identified in a Xanthomonas 
sp. (Tchelet, R. et al., 1993); Tetrahymena (Landis, W. G. et 
al., 1987); certain plants such as Myriophyllum aquaticum, 
Spiro dela Origorrhiza L., Elodea Canadensis and Zea mays 
(Gao, J. et al., 2000; Edwards, R. and Owen, W.J., 1988); and 
in hen liver and brain (Diaz-Alejo, N. et al., 1998). Addi 
tional, cholinesterases (e.g., an acetyl cholinesterase) with 
OP degrading activity have been identified in insects resistant 
OP pesticides (see, for example, Baxter, G. D. et al., 1998: 
Baxter, G. D. et al., 2002; Rodrigo, L., et al., 1997, Vontas, J. 
G., et al., 2002; Walsh, S. B., et al., 2001; Zhu, K.Y., et al., 
1995), and are contemplate for use a bimolecular composition 
of the present invention. 
0.165 2. Functional Equivalents of Wild-Type Enzymes 
0166 It is possible to optimize a proteinaceous molecule 
with a defined amino acid sequence and/or length for one or 
more properties. An alteration in a desirable property is pos 
sible because Such molecules can be manipulated, for 
example, by chemical modification, as described herein or as 
would be known to one of ordinary skill in the art, in light of 
the present disclosures. As used herein “alter' or “alteration 
may result in an increase or a decrease in the measured value 
for a particular property. As used herein a “property,’ in the 
context of an proteinaceous molecule, includes, but is not 
limited to, a ligand binding property, a catalytic property, a 
stability property, a property related to environmental safety, 
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or a combination thereof. Examples of a catalytic property 
that may be altered include a kinetic parameter, such as K, a 
catalytic rate (k) for a substrate, an enzyme’s specificity for 
a Substrate (k/K), or a combination thereof. Examples of 
a stability property that may be altered include thermal sta 
bility, half-life of activity, stability after exposure to a weath 
ering condition, or a combination thereof. Examples of a 
property related to environmental safety include an alteration 
in toxicity, antigenicity, bio-degradability, or a combination 
thereof. However, as would be readily apparent to one of 
ordinary skill in the art, an alteration to increase an enzyme’s 
catalytic rate for a substrate, an enzyme’s specificity for a 
Substrate, a proteinaceous molecule's thermal stability, a pro 
teinaceous molecule's half-life of activity, or a proteinaceous 
molecule's stability after exposure to a weathering condition 
may be preferred for Some applications, while a decrease in 
toxicity and/orantigenicity for a proteinaceous molecule may 
be preferred in additional applications. An enzyme compris 
ing a chemical modification that function as an enzyme of the 
present invention is a “functional equivalent to, and “in 
accordance' with, an un-modified enzyme. 
0167. It is also understood by those of skill in the art that 
there is a limit to the number of chemical modifications that 
can be made to an enzyme of the present invention before a 
preferred property is undesirably altered. However, in light of 
the disclosures herein of assays for determining whether a 
composition possesses one or more desirable properties, 
including, for example, a preferred enzymatic activity, a sta 
bility property, etc., and that which is known in the art regard 
ing such assays, it is well within the ability of one of ordinary 
skill in the art to determine whether a given chemical modi 
fication to an enzyme of the present invention produces a 
molecule that still possesses a Suitable set of properties for use 
in a particular application. In certain aspects, a functional 
equivalent enzyme comprising a plurality of different chemi 
cal modifications can be produced in accordance with the 
present invention. 
0.168. It is particularly contemplated that a functional 
equivalent enzyme comprising a structural analog and/or 
sequence analog may possess an enhanced desirable property 
and/or a reduced undesirable property, in comparison to the 
enzyme upon which it is based. All Such functional equivalent 
enzymes described herein, or as would be known to one of 
ordinary skill in the art in light of the present disclosures, are 
considered part of the present invention. As used herein, a 
'structural analog refers to one or more chemical modifica 
tions to the peptide backbone or non-side chain chemical 
moieties of a proteinaceous molecule. In certain aspects, a 
Subcomponent of an enzyme Such as an apo-enzyme, a pros 
thetic group, a co-factor, or a combination thereof, may be 
modified to produce a functional equivalent structural analog. 
In particular facets, such an enzyme Sub-component that does 
not comprise a proteinaceous molecule may be altered to 
produce a functional equivalent structural analog of an 
enzyme when combined with the other sub-components. As 
used herein, a “sequence analog refers to one or more chemi 
cal modifications to the side chain chemical moieties, also 
known herein as a “residue' of one or more amino acids that 
define a proteinaceous molecule's sequence. Often such a 
"sequence analog comprises an amino acid substitution, 
which is generally produced by recombinant expression of a 
nucleic acid comprising a genetic mutation to produce a 
mutation in the expressed amino acid sequence. 
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0169. As used herein, an "amino acid may be a common 
or uncommon amino acid. The common amino acids include: 
alanine (Ala., A); arginine (Arg, R); aspartic acid (a.k.a. aspar 
tate; Asp, D); asparagine (ASn, N); cysteine (Cys, C); 
glutamic acid (a.k.a. glutamate; Glu, E); glutamine (Gln, Q); 
glycine (Gly, G); histidine (His, H); isoleucine (Ile, I); leucine 
(Leu, L); lysine (Lys, K); methionine (Met, M); phenylala 
nine (Phe, F); proline (Pro, P); serine (Ser, S); threonine (Thr, 
T); tryptophan (Trp, W); tyrosine (Tyr,Y); and valine (Val. V). 
Common amino acids are often biologically produced in the 
biological synthesis of a peptide or a polypeptide. An uncom 
monamino acid refers to an analog of a common amino acid, 
as well as a synthetic amino acid whose side chain is chemi 
cally unrelated to the side chains of the common amino acids. 
Various uncommon amino acids are well known to those of 
ordinary skill in the art though it is contemplated that in 
general embodiments, an enzyme of the present invention 
will be biologically produced, and thus lack or possess rela 
tively few uncommon amino acids prior to any Subsequent 
non-mutation based chemical modifications. 

0170 As is well known in the art, the side chains of amino 
acids comprise moieties with specific chemical and physical 
properties. Certain side chains contribute to a ligand binding 
property, a catalytic property, a stability property, a property 
related to environmental safety, or a combination thereof. For 
example, cysteines can form covalent bonds between differ 
ent parts of a contiguous amino acid sequence, or between 
non-contiguous amino acid sequences to confer enhanced 
stability to a secondary, tertiary or quaternary structure. In an 
additional example, the presence of hydrophobic or hydro 
philic side chains exposed to the outer environment can alter 
the hydrophobicity or hydrophilicity of part of a proteina 
ceous sequence Such as in the case of a transmembrane 
domain that is embedded in a lipid layer of a membrane. In 
another example, hydrophilic side chains may be exposed to 
the environment Surrounding a proteinaceous molecule, 
which can enhance the overall solubility of a proteinaceous 
molecule in a polar liquid, such as water or a liquid compo 
nent of a coating. In a further example, various acidic, basic, 
hydrophobic, hydrophilic, and/or aromatic side chains 
present at or near a binding site of a proteinaceous structure 
can affect the affinity for a proteinaceous sequence for bind 
ing a ligand and/or a substrate, based on the covalent, ionic, 
Vander Waal forces, hydrogen bond, hydrophilic, hydropho 
bic, and/or aromatic interactions at a binding site. Such inter 
actions by residues at or near an active site also contribute to 
a chemical reaction that occurs at the active site of an enzyme 
to produce enzymatic activity upon a Substrate. As used 
herein, a residue is “at or near another residue or group of 
residues when it is within 15 A, 14 A, 13 A, 12 A, 11 A, 10 A, 
9 A, 8A, 7A, 6A, 5A, 4 A, 3 A, 2A, or 1 A the residue or 
group of residues such as residues identified as contributing to 
the active site and/or binding site. 
0171 Identification of an amino acid whose chemical 
modification would likely change a desirable property of a 
proteinaceous molecule can be accomplished using Such 
methods as a chemical reaction, mutation, X-ray crystallog 
raphy, nuclear magnetic resonance (NMR), computer 
based modeling or a combination thereof. Selection of an 
amino acid on the basis of Such information can then be used 
in the rational design of a mutant proteinaceous sequence that 
would possess an altered desired property. Preferred alter 
ations include those that alter enzymatic activity to produce a 
functional equivalent of an enzyme. 
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0172 For example, many residues of a proteinaceous mol 
ecule that contribute to the properties of a proteinaceous 
molecule comprise chemically reactive moieties. These resi 
dues are often susceptible to chemical reactions that can 
inhibit their ability to contribute to a desirable property of the 
proteinaceous molecule. Thus, a chemical reaction can be 
used to identify one or more amino acids comprised within 
the proteinaceous molecule that may contribute to a desirable 
property. The identified amino acids then can be subject to 
modifications such as amino acid substitutions to produce a 
functional equivalent. Examples of amino acids that can be so 
chemically reacted include Arg, which can be reacted with 
butanedione; Arg and/or Lys, which can be reacted with phe 
nylglyoxal; Asp and/or Glu, which can be reacted with car 
bodiimide and HCl; Asp and/or Glu, which can be reacted 
with N-ethyl-5-phenylisoxazolium-3'-sulfonate (“Wood 
ward's reagent K'); Asp and/or Glu, which can be reacted 
with 1,3-dicyclohexylcarbodiimide: Asp and/or Glu, which 
can be reacted with 1-ethyl-3-(3-dimethylaminopropyl)car 
bodiimide (“EDC'): Cys, which can be reacted with p-hy 
droxy mercuribenzoate: Cys, which can be reacted with 
dithiobisnitrobenzoate (DTNB): Cys, which can be reacted 
with iodoacetamide: His, which can be reacted with dieth 
ylpyrocarbonate (“DEPC); His, which can be reacted with 
diazobenzenesulfonic acid (“DBS); His, which can be 
reacted with 3.7-bis(dimethylamino)phenothiazin-5-ium 
chloride (“methylene blue'); Lys, which can be reacted with 
dimethylsuberimidate; Lys and/or Arg, which can be reacted 
with 2,4-dinitrofluorobenzene: Lys and/or Arg, which can be 
reacted with trinitrobenzene sulfonic acid (“TNBS); Trp, 
which can be reacted with 2-hydroxy-5-nitrobenzyl bromide 
1-ethyl-3(3-dimethylaminopropyl); Trp, which can be 
reacted with 2-acetoxy-5-nitrobenzyl chloride; Trp, which 
can be reacted with N-bromosucinimide: Tyr, which can be 
reacted with N-acetylimidazole (“NAI’); or a combination 
thereof (Hartleib, J. and Ruterjans, H., 2001b; Josse, D. et al., 
1999; Josse, D. et al., 2001). 
0173. In an additional example, the secondary, tertiary 
and/or quaternary structure of a proteinaceous molecule may 
be modeled using techniques known in the art, including 
X-ray crystallography, nuclear magnetic resonance, com 
puter based modeling, or a combination thereof to aid in the 
identification of active-site, binding site, and other residues 
for the design and production of a mutant form of an enzyme 
(Bugg, C. E. et al., 1993; Cohen, A. A. and Shatzmiller, S.E., 
1993; Hruby, V. J., 1993: Moore, G. J., 1994; Dean, P. M., 
1994; Wiley, R. A. and Rich, D. H., 1993). The secondary, 
tertiary and/or quaternary structures of a proteinaceous mol 
ecule may be directly determined by techniques such as X-ray 
crystallography and/or nuclear magnetic resonance to iden 
tify amino acids most likely affect one or more desirable 
properties. Additionally, many primary, secondary, tertiary, 
and/or quaternary structures of proteinaceous molecules can 
be obtained using a public computerized database. An 
example of such a databank that may be used for this purpose 
is the Protein Data Bank (PDB), which is an international 
repository of the 3-dimensional structures of many biological 
macromolecules, and can be accessed at http://www.rcsb.org/ 
pdb/index.html. Additional examples of such databases are 
listed at: http://www.rcsb.org/pdb/links.html#Databases. 
0.174 Computer modeling can be used to identify amino 
acids most likely to affect one or more desirable properties. 
Often, a structurally related proteinaceous molecule com 
prises primary, secondary, tertiary and/or quaternary struc 
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tures that are evolutionarily conserved in the wild-type pro 
tein sequences of various organisms. As would be known to 
those of ordinary skill in the art, the secondary, tertiary and/or 
quaternary structure of a proteinaceous molecule can be mod 
eled using a computer to overlay the proteinaceous mol 
ecule's amino acid sequence, which is also known as the 
“primary structure.” onto the computer model of a described 
primary, secondary, tertiary, and/or quaternary structure of 
another, structurally related proteinaceous molecule. Often 
the amino acids that may participate in an active site, a bind 
ing site, a transmembrane domain, the general hydrophobic 
ity and/or hydrophilicity of a proteinaceous molecule, the 
general positive and/or negative charge of a proteinaceous 
molecule, etc., may be identified by Such comparative com 
puter modeling. 
0.175. In embodiments wherein an amino acid of particular 
interest have been identified using such techniques, func 
tional equivalents may be created using mutations that Sub 
stitute a different amino acid for the identified amino acid of 
interest. Examples of Substitutions of an amino acid side 
chain to produce a “functional equivalent” proteinaceous 
molecule are also known in the art, and may involve a con 
servative side chain Substitution a non-conservative side 
chain Substitution, or a combination thereof, to rationally 
alter a property of a proteinaceous molecule. Examples of 
conservative side chain Substitutions include, when appli 
cable, replacing an amino acid side chain with one similar in 
charge (e.g., an arginine, a histidine, a lysine); similar in 
hydropathic index; similar in hydrophilicity; similar in 
hydrophobicity; similar in shape (e.g., a phenylalanine, a 
tryptophan, a tyrosine); similar in size (e.g., an alanine, a 
glycine, a serine); similar in chemical type (e.g., acidic side 
chains, aromatic side chains, basic side chains); or a combi 
nation thereof. Conversely, when a change to produce a non 
conservative Substitution is contemplated to alter a property 
of proteinaceous molecule, and still produce a “functional 
equivalent proteinaceous molecule, these guidelines can be 
used to select an amino acid whose side-chains relatively 
non-similar in charge, hydropathic index, hydrophilicity, 
hydrophobicity, shape, size, chemical type, or a combination 
thereof. Various amino acids have been given a numeric quan 
tity based on the characteristics of charge and hydrophobicity, 
called the hydropathic index (Kyte, J. and Doolittle, R. F. 
1982), which can be used as a criterion for a substitution. The 
hydropathic index of the common amino acids are: Arg (-4. 
5); Lys (-3.9); Asn (-3.5); Asp (-3.5); Glin (-3.5); Glu (-3.5); 
His (-3.2); Pro (-1.6); Tyr (-1.3); Trp (-0.9); Ser (-0.8); Thr 
(-0.7); Gly (-0.4); Ala (+1.8); Met (+1.9); Cys (+2.5); Phe 
(+2.8); Leu (+3.8); Val (+4.2); and Ile (+4.5). Additionally, a 
value has also been given to various amino acids based on 
hydrophilicity, which can also be used as a criterion for sub 
stitution (U.S. Pat. No. 4,554,101). The hydrophilicity values 
for the common amino acids are: Trp (-3.4); Phe (-2.5); Tyr 
(-2.3): Ile (-1.8); Leu (-1.8); Val (-1.5); Met (-1.3); Cys 
(-1,0); Ala (-0.5); His (-0.5); Pro (-0.5+/-0.1); Thr (-0.4): 
Gly (O); Asn (+0.2); Glin (+0.2); Ser (+0.3); Asp (+3.0+/-0.1); 
Glu (+3.0+/-0.1); Arg (+3.0); and Lys (+3.0). In aspects 
wherein an amino acid is being conservatively substituted for 
an amino acid whose hydropathic index or hydrophilic value 
is similar, the difference between the respective index and/or 
value is preferably within +/-2, more preferably within +/-1, 
and most preferably within +/-0.5. In aspects wherein an 
amino acid is being non-conservatively substituted for an 
amino acid whose hydropathic index or hydrophilic value is 
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similar, the difference between the respective index and/or 
value is preferably greater than +/-0.5, more preferably 
greater than +/-1, and most preferably greater than +/-2. 
0176). In certain embodiments, a functional equivalent 
may be produced by a non-mutation based chemical modifi 
cation to an amino acid, a peptide or a polypeptide. Examples 
of chemical modifications include, when applicable, a 
hydroxylation of a proline or a lysine; a phosphorylation of a 
hydroxyl group of a serine and/or a threonine; a methylation 
of an alpha-amino group of a lysine, an arginine and/or a 
histidine (Creighton, T. E., 1983); adding a detectable label 
such as a fluorescein isothiocyanate compound (“FITC) to a 
lysine side chain and/or a terminal amine (Rogers, K. R. et al., 
1999); covalent attachment of a polyethylene glycol (Yang, 
Z. et al., 1995; Kim, C. et al., 1999:Yang, Z. et al., 1996: Mijs, 
M. et al., 1994); an acylatylation of an amino acid, particu 
larly at the N-terminus; an amination of an amino acid, par 
ticularly at the C-terminus (Greene, T. W. and Wuts, P. G. M. 
“Productive Groups in Organic Synthesis.” Second Edition, 
pp. 309-315, John Wiley & Sons, Inc., USA, 1991); a deami 
dation of an asparagine or a glutamine to an aspartic acid or 
glutamic acid, respectively; a derivation of an amino acid by 
a Sugar moiety, a lipid, a phosphate, or a farnysyl group; an 
aggregation (e.g., a dimerization) of a plurality of proteina 
ceous molecules, whether of identical sequence or varying 
sequences; a cross-linking of a plurality of proteinaceous 
molecules of the present invention using a cross-linking agent 
e.g., a 1,1-bis(diazoacetyl)-2-phenylethane; a glutaralde 
hyde; a N-hydroxysuccinimide ester, a 3,3'-dithiobis (succin 
imidyl-propionate); a bis-N-maleimido-1.8-Octane; an ion 
ization of an amino acid into an acidic, basic or neutral salt 
form; an oxidation of an amino acid; or a combination thereof 
of any of the forgoing. Such modifications may produce a 
desirable alterationina property of a proteinaceous molecule, 
as would be known to those of ordinary skill in the art. For 
example, it is contemplated that a N-terminal glycosylation 
may enhance a proteinaceous molecule's stability (Powell, 
M. F. et al., 1993). In an additional example, it is contem 
plated that Substitution of a beta-amino acid isoserine for a 
serine may enhance the aminopeptidase resistance a proteina 
ceous molecule (Coller, B. S. et al., 1993). 
0177. A proteinaceous molecule for use in the present 
invention may comprise a proteinaceous molecule longer or 
shorter than the wild-type amino acid sequences specifically 
disclosed herein, or that would be known to those of ordinary 
skill in the art in light of the present disclosure. For example, 
an enzyme comprising longer or shorter sequences is encom 
passed as part of the present invention, insofar as it retains 
enzymatic activity. In some embodiments, a proteinaceous 
molecule for use in the present invention may comprise one or 
more peptide and/or polypeptide sequences. In certain 
embodiments, a modification to a proteinaceous molecule 
may add and/or subtract one or two amino acids from a 
peptide and/or polypeptide sequence. In other embodiments, 
a change to a proteinaceous molecule may add and/or remove 
one or more peptide and/or polypeptide sequences. Often a 
peptide or a polypeptide sequence may be added or removed 
to confer or remove a specific property from the proteina 
ceous molecule, and numerous examples of Such modifica 
tions to a proteinaceous molecule are described herein, par 
ticularly in reference to fusion proteins. In particular, the 
native OPH of Pseudomonas diminuta is produced with a 
short amino acide sequence at its N-terminas that promotes 
the exportation of the protein through the cell membrane and 
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is later cleaned. Thus, in certain embodiment, this signal 
sequence amino acide sequence is deleted by genetic modi 
fication in the DNA construction placed into Escherichia coli 
host cells in order to enhance its production. 
0.178 As used herein, a "peptide' comprises a contiguous 
molecular sequence from 3 to 100 amino acids in length, 
including all intermediate ranges and combinations thereof. 
A sequence of a peptide may be 3 to 100 amino acids in 
length, including all intermediate ranges and combinations 
thereof. As used herein a "polypeptide' comprises a contigu 
ous molecular sequence 101 amino acids or greater. 
Examples of a sequence length of a polypeptide include 101 
to 10,000 amino acids, including all intermediate ranges and 
combinations thereof. As used herein a “protein’ is a pro 
teinaceous molecule comprising a contiguous molecular 
sequence three amino acids or greater in length, matching the 
length of a biologically produced proteinaceous molecule 
encoded by the genome of an organism. 
0179. It is recognized that removal of one or more amino 
acids from an enzyme’s sequence may reduce or eliminate a 
detectable, desirable property Such asenzymatic activity, and 
therefore would not be preferred. However, it is further con 
templated that a longer sequence, particularly a proteina 
ceous molecule that consecutively or non-consecutively com 
prises or even repeats one or more enzymatic sequences 
disclosed herein, or as would be known to those of ordinary 
skill in the art in light of the present disclosure, would be 
encompassed within the present invention. Additionally, 
fusion proteins may be bioengineered to comprise a wild-type 
sequence and/or a functional equivalent of an enzyme 
sequence and an additional peptide or polypeptide sequence 
that confers a desirable property and/or function. 
0180 a. OPH Functional Equivalents 
0181. Using recombinant DNA technology, wild-type and 
mutant forms of the opd gene have been expressed, predomi 
nantly in Escherichia coli, for further characterization and 
analysis. Unless otherwise noted, the various OPH enzymes, 
whether wild-type or mutants, that act as functional equiva 
lents were prepared using the OPH genes and encoded 
enzymes first isolated from Pseudomonas diminuta and Fla 
vobacterium spp. 
0182. OPH normally binds two atoms of Zn" per mono 
mer when endogenously expressed. While binding Zn", this 
enzyme is one of the most stable dimeric enzymes known, 
with a thermal temperature of melting (“T”) of approxi 
mately 75° C. and a conformational stability of approxi 
mately 40 killocalorie per mole (“kcal/mol) (Grimsley, J. K. 
et al., 1997). However, structural analogs have been made 
wherein Co, Fe, Cu, Mn, Cd, or Ni are bound 
instead to produce enzymes with altered stability and rates of 
activity (Omburo, G. A. et al., 1992). For example, Co." 
substituted OPH does possess a reduced conformational sta 
bility (~22 kcal/mol). But this reduction in thermal stability is 
offset by the superior catalytic activity of Co" substituted 
OPH in degrading various OP compounds. For example, five 
fold or greater rates of detoxification of sarin, Soman, and VX 
were measured for Co" substituted OPH relative to OPH 
binding Zn" (Kolakoski, J. E. et al., 1997). It is contemplated 
that structural analogs of an OPH sequence may be prepared 
comprising a Zn, Co.", Fe, Cut, Mn, Cd", Ni", or a 
combination thereof. Generally, changes in the bound metal 
can be achieved by using cell growth media during cell 
expression of the enzyme wherein the concentration of a 
metal present is defined, and/or removing the bound metal 
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with a chelator (e.g., 1,10-phenanthroline; 8-hydroxyquino 
line-5-Sulfphonic acid; ethylenediaminetetraacetic acid) to 
produce anapo-enzyme, followed by reconstitution of a cata 
lytically active enzyme by contact with a selected metal (Om 
buro, G. A. et al., 1992; Watkins, L. M. et al., 1997a; Watkins, 
L. M. et al., 1997b). It is further contemplated that structural 
analogs of an OPH sequence may be prepared to comprise 
only one metal atom per monomer. 
0183 In an additional example, OPH structure analysis 
has been conducted using NMR (Omburo, G. A. et al., 1993). 
In a further example, the X-ray crystal structure for OPH has 
been determined (Benning, M. M. et al., 1994; Benning, M. 
M. et al., 1995; Vanhooke, J. L. et al., 1996), including the 
structure of the enzyme while binding a substrate, further 
identifying residues involved in Substrate binding and cata 
lytic activity (Benning, M. M. et al., 2000). From these struc 
ture evaluations, the amino acids His55, His57. His201, 
His230, Asp301, and the carbamylated lysine, Lys169, have 
been identified as coordinating the binding of the active site 
metal. Additionally, the positively charged amino acids 
His55, His57, His 201, His230, His 254, and His257 are 
counter-balanced by the negatively charged amino acids 
Asp232, Asp233, Asp235, Asp 253, Asp301, and the car 
bamylated lysine Lys169 at the active site area. A water 
molecule and amino acids His55. His57, Lys169. His201, 
His230, and Asp301 are thought to be involved in direct metal 
binding. The amino acid Asp301 is thought to aid a nucleo 
philic attack by a bound hydroxide upon the phosphorus to 
promote cleavage of an OP compound, while the amino acid 
His354 may aid the transfer of a proton from the active site to 
the Surrounding liquid in the latter stages of the reaction 
(Raushel, F. M., 2002). The amino acids His254 and His257 
are not thought to be direct metal binding amino acids, but 
may be residues that interact (e.g., a hydrogen bond, a Vander 
Waal interaction) with each other and other active site resi 
dues, such as residues that directly contact a Substrate or bind 
a metal atom. In particular, amino acid His254 is thought to 
interact with the amino acids His230, Asp232, Asp233, and 
Asp301. Amino acid His257 is thought to be a participant in 
a hydrophobic substrate-binding pocket. The active site 
pocket comprises various hydrophobic amino acids, Trp131, 
Phel32, Leu271, Phe306, and Tyr309. These amino acids 
may aid the binding of hydrophobic OP compounds (Ben 
ning, M. M. et al., 1994; Benning, M. M. et al., 1995; Van 
hooke, J. L. et al., 1996). Electrostatic interactions may occur 
between phosphoryl oxygen, when present, and the side 
chains of Trp 131 and His201. Additionally, the side chains of 
amino acids Trp.131, Phe 132, and Phe306 are thought to be 
orientated toward the atom of the cleaved substrate's leaving 
group that was previously bonded to the phosphorus atom 
(Watkins, L. M. et al., 1997a). 
0.184 Substrate binding subsites known as the small sub 
site, the large subsite, and the leaving group Subsite have been 
identified (Benning, M. M. et al., 2000; Benning, M. M. et al., 
1994; Benning, M. M. et al., 1995; Vanhooke, J. L. et al., 
1996). The amino acids Gly60, Ile106, Leu303, and Ser308 
are thought to comprise the Small subsite. The amino acids 
Cys59 and Ser61 are near the small subsite, but with the side 
chains thought to be orientated away from the subsite. The 
amino acids His254, His257, Leu271, and Met317 are 
thought to comprise the large Subsite. The amino acids 
Trp131, Phel32, Phe306, and Tyr309 are thought to comprise 
the leaving group Subsite, though Leu271 is sometimes con 
sidered part of this subsite as well (Watkins, L. M. et al., 
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1997a). Comparison of this opd product with the encoded 
sequence of the opdA gene from Agrobacterium radiobacter 
P230 revealed that the large subsite possessed generally 
larger residues that affected activity, specifically the amino 
acids Arg254, Tyr257, and Phe271 (Horne, I. et al., 2002). 
Few electrostatic interactions are apparent from the X-ray 
crystal structure of the inhibitor bound by OPH, and it is 
thought that hydrophobic interactions and the size of the 
Subsites affect Substrate specificity, including steriospecific 
ity for a stereoisomer. Such as a specific enantiomer of an OP 
compound's chiral chemical moiety (Chen-Goodspeed, M. et 
al., 2001b). 
0185. Using the sequence and structural knowledge of 
OPH, numerous mutants of OPH comprising a sequence ana 
log have been specifically produced to alter one or more 
properties relative to a Substrate's cleavage rate (k) and/or 
specificity (k/K). Examples of OPH sequence analog 
mutants include H55C, H57C, C59A, G60A, S61A, I106A, 
I106G, W131A, W131F, W131K, F132A, F132H, F132Y, 
L136Y. L140Y, H201C, H230C, H254A, H254R, H254S, 
H257A, H257L, H257Y, L271A, L271Y, L303A, F306A, 
F306E, F306H, F306K, F306Y, S308A, S308G, Y309A, 
M317A, M317H, M317K, M317R, H55C/H57C, H55C/ 
H201C, H55C/H230C, H57C/H201C, H57C/H230C, A80V/ 
S365P, I106A/F132A, I106A/S308A, I106G/F132G, I106G/ 
S308G, F132Y/F306H, F132H/F306H, F132H/F306Y. 
F132Y/F306Y, F132A/S308A, F132G/S308G, L182S/ 
V310A, H201C/H230C, H254R/H257L, H55C/H57C/ 
H201C, H55C/H57C/H230C, H55C/H201C/H230C, I106A/ 
F132A/H257Y, I106A/F132A/H257W, I106G/F132G/ 
S308G, L130M/H257Y/I274N, H257Y/I274N/S365P 
H55C/H57C/H201C/H230C, I106G/F132G/H257Y/S308G, 
or A14T/A80V/L185R/H257Y/1274N (Li, W.-S. et al., 2001; 
Gopal, S. et al., 2000; Chen-Goodspeed, M. et al., 2001a; 
Chen-Goodspeed, M. et al., 2001b; Watkins, L. M. et al., 
1997a; Watkins, L. M. et al., 1997b; diSioudi, B. et al., 1999; 
Cho, C. M.-H. et al., 2002; Shim, H. et al., 1996; Raushel, F. 
M., 2002; Wu, F. et al., 2000a: disioudi, B. D. et al., 1999). 
0186 For example, the sequence and structural informa 
tion has been used in production of mutants of OPH possess 
ing cysteine Substitutions at the metal binding histidines 
His55, His57, His 201, and His230. OPH mutants H55C, 
H57C, H201C, H230C, H55C/H57C, H55C/H201C, H55C/ 
H230C, H57C/H201C, H57C/H230C, H201C/H230C, 
H55C/H57C/H201C, H55C/H57C/H230C, H55C/H201C/ 
H230C, H57C/H201C/H230C, and H55C/H57C/H201C/ 
H230C were produced binding either Zn": Co" or Cd". 
The H57C mutant had between 50% (i.e., binding Cd", 
Zn") and 200% (i.e., binding Co.") wild-type OPH activity 
for paraoxon cleavage. The H201C mutant had about 10% 
activity, the H230C mutant had less than 1% activity, and the 
H55C mutant bound only one atom of Co" and possessed 
little detectable activity, but may still be useful if possessing 
a desirable property (e.g., enhanced Stability) (Watkins, L. 
M., 1997b). 
0187. In an additional example, the sequence and struc 

tural information has been used in production of mutants of 
OPH possessing altered metal binding and/or bond-type 
cleavage properties. OPH mutants H254R, H257L, and 
H254R/H257L have been made to alter amino acids that are 
thought to interact with nearby metal-binding amino acids. 
These mutants also reduced the number of metal ions (i.e., 
Co“, Zn) binding the enzyme dimer from four to two, 
while still retaining 5% to greater than 100% catalytic rates 
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for the various Substrates. These reduced metal mutants pos 
sess enhanced specificity for larger Substrates Such as 
NPPMP and demeton-S, and reduced specificity for the 
smaller substrate diisopropyl fluorophosphonate (diSioudi, 
B. et al., 1999). In a further example, the H254R mutant and 
the H257L mutant each demonstrated a greater than four-fold 
increase in catalytic activity and specificity against VX and its 
analog demeton S. The H257L mutant also demonstrated a 
five-fold enhanced specificity against Soman and its analog 
NPPMP (disioudi, B. D. et al., 1999). 
0188 In an example, specific mutants of OPH (a phospho 
triesterase), were designed and produced to aid phosphodi 
ester substrates to bind and be cleaved by OPH. These sub 
strates either comprised a negative charge and/or a large 
amide moiety. A M317A mutant was created to enlarge the 
size of the large subsite, and M317H, M317K, and M317R 
mutants were created to incorporate a cationic group in the 
active site. The M317A mutant demonstrated a 200-fold 
cleavage rate enhancement in the presence of alkylamines, 
which were added to reduce the Substrate's negative charge. 
The M317H, M317K, and M317R mutants demonstrated 
modest improvements in rate and/or specificity, including a 
7-foldk/K, improvement for the M317K mutant (Shim, H. 
et al., 1998). 
(0189 In a further example, the W131 K, F132Y, F132H, 
F306Y, F306H, F306K, F306E, F132H/F306H, F132Y/ 
F306Y. F132Y/F306H, and F132H/F306Y mutants were 
made to add or change the side chain of active site residues to 
form a hydrogen bond and/or donate a hydrogen to a cleaved 
Substrate's leaving group, to enhance the rate of cleavage for 
certain substrates, such as phosphofluoridates. The F132Y. 
F132H, F306Y, F306H, F132H/F306H, F132Y/F306Y. 
F132Y/F306H, and F132H/F306Y mutants all demonstrated 
enhancedenzymatic cleavage rates, of about three- to ten-fold 
improvement, against the phosphonofluoridate, diisopropyl 
fluorophosphonate (Watkins, L. M. et al., 1997a). 
(0190. In an additional example, OPH mutants W131F, 
F132Y, L136Y. L140Y. L271Y and H257L were designed to 
modify the active site size and placement of amino acid side 
chains to refine the structure of binding subsites to specifi 
cally fit the binding of a VX substrate. The refinement of the 
active site structure produced a 33% increase in cleavage 
activity against VX in the L136Y mutant (Gopal, S. et al., 
2000). 
(0191 Various mutants of OPH have been made to alter the 
steriospecificity, and in Some cases, the rate of reaction, by 
Substitutions in Substrate binding Subsites. For example, the 
C59A, G60A, S61A, I106A, W131A, F132A, H254A, 
H257A, L271A, L303A, F306A, S308A, Y309A, and 
M317A mutants of OPH have been produced to alter the size 
of various amino acids associated with the Small Subsite, the 
large Subsite and the leaving group Subsite, in order to alter 
enzyme activity and selectivity, including sterioselectivity, 
for various OP compounds. The G60A mutant reduced the 
size of the small subsite, and decreased both rate (k) and 
specificity (k./K) for R-enantiomers, thereby enhancing 
the overall specificity for some S-enantiomers to over 
11,000:1. Mutants I106A and S308A, which enlarged the size 
of the small subsite, as well as mutant F132A, which enlarged 
the leaving group Subsite, all increased the reaction rates for 
R-enantiomers and reduced the specificity for S-enanti 
omers (Chen-Goodspeed, M. et al., 2001a). 
(0192 Additional mutants I106A/F132A, I106A/S308A, 
F132A/S308A, I106G, F 132G, S308G, I106G/F132G, 
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I106G/S308G, F132G/S308G, and I106G/F132G/S308G 
were produced to further enlarge the Small Subsite and leaving 
group subsite. These OPH mutants demonstrated enhanced 
selectivity for R-enantiomers. Mutants H254Y, H254F, 
H257Y, H257F, H257W, H257L, L271Y, L271F, L271W, 
M317Y, M317F, and M317W were produced to shrink the 
large subsite, with the H257Y mutant, for example, demon 
strating a reduced selectivity for S-enantiomers (Chen 
Goodspeed, M. et al., 2001b). Further mutants I106A/H257Y, 

I106G/H257Y/S308G, and I106G/F132G/H257Y/S308G 
were made to simultaneously enlarge the Small Subsite and 
shrink the large subsite. Mutants such as H257Y, I 106A/ 
H257Y, I106G, I106A/F132A, and I106G/F132G/S308G 
were effective in altering steriospecificity for S.R., enanti 
omer ratios of some substrates to less than 3:1 ratios. Mutants 
including F132A/H257Y, I106A/F132A/H257W, I106G/ 
F132G/H257Y, and I106G/F132G/H257Y/S308G demon 
strated a reversal of selectivity for S:Renantiomer ratios of 
some substrates to ratios from 3.6:1 to 460:1. In some cases, 
Such a change in steriospecificity was produced by enhancing 
the rate of catalysis of a less preferred Renantiomer with 
little change on the rate of S enantiomer cleavage (Chen 
Goodspeed, M. et al., 2001b; Wu, F. et al., 2000a). 
0193 Such alterations in sterioselectivity can enhance 
OPH performance against a specific OP compound that is a 
preferred target of detoxification, including a CWA. Enlarge 
ment of the small subsite by mutations that substitute the 
Ile106 and Phel32 residues with the less bulky amino acid 
alanine and/or reduction of the large Subsite by a mutation 
that substitutes His257 with the bulkier amino acid phenyla 
lanine increased catalytic rates for the S-isomer, andde 
creased the catalytic rates for the R-isomers of a sarin ana 
log, thus resulting in a triple mutant, I 106A/F132A/H257Y. 
with a reversed sterioselectivity such as a S.R. preference of 
30:1 for the isomers of the sarin analog. A mutant of OPH 
designated G60A has also been created with enhanced steri 
ospecificity relative to specific analogs of enantiomers of 
sarin and soman (Li, W.-S. et al., 2001; Raushel, F. M., 2002). 
Of greater interest, these mutant forms of OPH have been 
directly assayed against Sarin and Soman nerve agents, and 
demonstrated enhanced detoxification rates for racemic mix 
tures of sarin or soman enantiomers. Wild-type OPH has a 
k for sarin of 56 s, while the I106A/F 132A/H257Y 
mutant has k, for sarin of 1000 s. Additionally, wild-type egg 

OPH has ak, for soman of 5s', while the G60A Mutant has egg 

k for soman of 10 s' (Kolakoski, Jan E. et al. 1997; Li, es 

W.-S. et al., 2001). 
0194 It is also possible to produce a mutant enzyme with 
an enhanced enzymatic property against a specific Substrate 
by evolutionary selection rather than rational design. Such 
techniques can screen hundreds or thousands of mutants for 
enhanced cleavage rates against a specific Substrate. The 
mutants identified may possess Substitutions at amino acids 
that have not been identified as directly comprising the active 
site, or its binding Subsites, using techniques such as NMR, 
X-ray crystallography and computer structure analysis, but 
still contribute to activity for one or more substrates. For 
example, selection of OPH mutants based upon enhanced 
cleavage of methyl parathion identified the A80V/S365P. 
L182S/V310A, I274N, H257Y, H257Y/I274N/S365P 
L130M/H257Y/I274N, and A14T/A80V/L185R/H257Y/ 
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I274N mutants as having enhanced activity. Amino acids 
Ile274 and Val310 are within 10 A of the active site, though 
not originally identified as part of the active site from X-ray 
and computer structure analysis. However, mutants with Sub 
stitutions at these amino acids demonstrated improved activ 
ity, with mutants comprising the I274N and H257Y substitu 
tions particularly active against methyl parathion. 
Additionally, the mutant, A14T/A80V/L185R/H257Y/ 
I274N, further comprising a L185R substitution, was most 
active having a 25-fold improvement against methyl par 
athion (Cho, C. M.-H. et al., 2002). 
0.195. In an example, a functional equivalent of OPH may 
be prepared that lacks the first 29-31 amino acids of the 
wild-type enzyme. The wild-type form of OPH endogenously 
or recombinantly expressed in Pseudomonas or Flavobacte 
rium removes the first N-terminal 29 amino acids from the 
precursor protein to produce the mature, enzymatically active 
protein (Mulbry, W. and Karns, J., 1989: Serdar, C. M. et al., 
1989). Recombinant expressed OPH in Gliocladium virens 
apparently removes part or all of this sequence (Dave, K.I. et 
al., 1994b). Recombinant expressed OPH in Streptomyces 
lividans primarily has the first 29 or 30 amino acids removed 
during processing, with a few percent of the functional 
equivalents having the first 31 amino acids removed (Row 
land, S. S. et al., 1992). Recombinant expressed OPH in 
Spodoptera frugiperda cells has the first 30 amino acids 
removed during processing (Dave, K. I. et al., 1994a). 
0196. The 29 amino acid leader peptide sequence targets 
OPH enzyme to the cell membrane in Escherichia coli, and 
this sequence is partly or fully removed during cellular pro 
cessing (Dave, K.I. et al., 1994a: Miller, C. E., 1992; Serdar, 
C. M. et al., 1989; Mulbry, W. and Karns, J., 1989). The 
association of OPH comprising the leader peptide sequence 
with the cell membrane in Escherichia coli expression sys 
tems seems to be relatively weak, as brief 15 second sonica 
tion releases most of the activity into the extracellular envi 
ronment (Dave, K.I. et al., 1994a). For example, recombinant 
OPH often is expressed without this leader peptide sequence 
to enhance enzyme stability and expression efficiency in 
Escherichia coli (Serdar, C. M., et al. 1989). In another 
example, recombinant expression efficiency in Pseudomonas 
putida for OPH was improved by retaining this sequence, 
indicating that different species of bacteria may have varying 
preferences for a signal sequence (Walker, A. W. and Keas 
ling, J. D., 2002). However, it is contemplated that one of 
ordinary skill in the art can easily modify the length of an 
enzymatic sequence to optimize expression or other proper 
ties in a particular organism, or select a cell with a relatively 
good ability to express a biomolecule, in light of the present 
disclosures and methods known in the art (see U.S. Pat. Nos. 
6,469,145, 5,589.386 and 5,484,728) 
0.197 In an example, recombinant OPH sequence-length 
mutants have been expressed wherein the first33 amino acids 
of OPH have been removed, and a peptide sequence M-I-T- 
N-S added at the N-terminus (Omburo, G. A. et al., 1992: 
Mulbry, W. and Karns, J., 1989). Often removal of the 29 
amino acid sequence is used when expressing mutants of 
OPH comprising one or more amino acid substitutions such 
as the C59A, G60A, S61A, I106A, W131A, F132A, H254A, 
H257A L271A, L303A, F306A, S308A, Y309A, M317A, 
I106A/F 132A, I106A/S308A, F132A/S308A, I106G, 
F132G, S308G, I106G/F132G, I106G/S308G, F132G/ 
S308G, I106G/F132G/S308G, H254Y, H254F, H257Y, 
H257F, H257W, H257L, L271Y, L271W, M317Y, M317F, 
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M317W, I106A/H257Y, F132A/H257Y, I106A/F132A/ 
H257Y, I106A/H257Y/S308A, I106A/F132A/H257W, 
F132A/H257Y/S308A, I106G/H257Y, F132G/H257Y, 
I106G/F132G/H257Y, I106G/H257Y/S308G, and I106G/ 
F132G/H257Y/S308G mutants (Chen-Goodspeed, M. et al., 
2001a). In a further example, Lacz-OPH fusion protein 
mutants lacking the 29 amino acid leader peptide sequence 
and comprising an amino acid Substitution mutant such as 
W131F, F132Y, L136Y. L140Y, H257L, L271L, L271Y, 
F306A, or F306Y have been recombinantly expressed (Go 
pal, S. et al., 2000). 
0198 In an additional example. OPH mutants that com 
prise additional amino acid sequences are also known in the 
art. An OPH fusion protein lacking the 29 amino acid leader 
sequence and possessing an additional C-terminal flag 
octapeptide sequence was expressed and localized in the 
cytoplasm of Escherichia coli (Wang, J. et al., 2001). 
0199. In another example, nucleic acids encoding trun 
cated versions of the ice nucleation protein (“InaV) from 
Pseudomonas Syringae have been used to construct vectors 
that express OPH-InaV fusion proteins in Escherichia coli. 
The InaV sequences targeted and anchored the OPH-InaV 
fusion proteins to the cells outer membrane (Shimazu, M. et 
al., 2001a; Wang, A. A. et al., 2002). In a further example, a 
vector encoding a similar fusion protein was expressed in 
Moraxella sp., and demonstrated a 70-fold improved OPH 
activity on the cell surface compared to Escherichia coli 
expression (Shimazu, M. et al., 2001 b). In a further example, 
fusion proteins comprising the signal sequence and first nine 
amino acids of lipoprotein, a transmembrane domain of outer 
membrane protein A (“Lpp-Omp A'), and either a wild-type 
OPH sequence or an OPH truncation mutant lacking the first 
29 amino acids has been expressed in Escherichia coli. These 
OPH-Lpp-Omp A fusion proteins were targeted and anchored 
to the Escherichia coli cell membrane, though the OPH trun 
cation mutant had only 5% to 10% the activity of the wild 
type OPH sequence (Richins, R. D. et al., 1997; Kaneva, I. et 
al., 1998). In one example, a fusion protein comprising N-ter 
minus to C-terminus, a (His)6 polyhistidine tag, a green fluo 
rescent protein (“GFP), an enterokinase recognition site, and 
an OPH sequence lacking the 29 amino acid leader sequence 
has been expressed within Escherichia coli cells (Wu, C.-F. et 
al., 2000b, Wu, C.-F. et al., 2002). A similar fusion protein a 
(His)6 polyhistidine tag, an enterokinase recognition site, and 
an OPH sequence lacking the 29 amino acid leader sequence 
has also been expressed within Escherichia coli cells (Wu, 
C.-F. et al., 2002). Additionally, variations of these GFP-OPH 
fusion proteins have been expressed within Escherichia coli 
cells where an second enterokinase recognition site was 
placed at the C-terminus of the OPH gene fragment sequence, 
followed by a second OPH gene fragment sequence (Wu, 
C.-F. et al., 2001b). The GFP sequence produced fluorescence 
that was proportional to both the quantity of the fusion pro 
tein, and the activity of the OPH sequence, providing a fluo 
rescent assay of enzyme activity and stability in GFP-OPH 
fusion proteins (Wu, C.-F. et al., 2000b, Wu, C.-F. et al., 
2002). 
0200. In a further example, a fusion protein comprising an 
elastin-like polypeptide (“ELP) sequence, a polyglycine 
linker sequence, and an OPH sequence was expressed in 
Escherichia coli (Shimazu, M. et al., 2002). In an additional 
example, a cellulose-binding domain at the N-terminus of an 
OPH fusion protein lacking the 29 amino acid leader 
sequence, and a similar fusion protein wherein OPH pos 
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sessed the leader sequence, where both predominantly 
excreted into the external medium as soluble proteins by 
recombinant expression in Escherichia coli (Richins, R. D. et 
al., 2000). 
0201 b. Paraoxonase Functional Equivalents 
0202 Various chemical modifications to the amino acid 
residues of the recombinantly expressed human paraoXonase 
have been used to identify specific residues including tryp 
tophans, histidines, aspartic acids, and glutamic acids as of 
importance to enzymatic activity for the cleavage of pheny 
lacetate, paraoxon, chlorpyrifoSoxon. and diaZOxon. Addi 
tionally, comparison to conserved residues in human, mouse, 
rabbit, rat dog, chicken, and turkey paraoxonase enzymes was 
used to further identify amino acids for the production of 
specific mutants. Site-directed mutagenesis was used to alter 
the enzymatic activity of human paraoXonase through con 
servative and non-conservative Substitutions, and thus clarify 
the specific amino acids of particular importance for enzy 
matic activity. Specific paraoXonase mutants include the 
sequence analogs E32A, E48A, E52A, D53A, D88A, 
D107A, H114N, D121A, H133N, H154N, H16ON, W193A, 
W193F, W201A, W201F, H242N, H245N, H250N, W253A, 
W253F, D273A, W280A, W28OF, H284N, or H347N. 
0203 The various paraoxonase mutants generally had dif 
ferent enzymatic properties. For example, W253A had a 
2-fold greater k. and W201 F, W253A and W253F each had 
a 2 to 4 fold increase ink, though W201 F also had a lower 
Substrate affinity. A non-conservative Substitution mutant 
W280A had 1% wild-type paraoxonase activity, but the con 
servative substitution mutant W280F had similar activity as 
the wild-type paraoxonase (Josse, D. et al., 1999; Josse, D. et 
al., 2001). 
0204 c. Squid-type DFPase Functional Equivalents 
0205 Various chemical modifications to the amino acid 
residues of the recombinantly expressed squid-type DFPase 
from Loligo vulgaris has been used to identify which specific 
types of residues of modified arginines, aspartates, cysteines, 
glutamates, histidines, lysines, and tyrosines, are important to 
enzymatic activity for the cleavage of DFP. Modification of 
histidines generally reduced enzyme activity, and site-di 
rected mutagenesis was used to clarify which specific his 
tidines are of importance for enzymatic activity. Specific 
squid-type DFPase mutants include the sequence analogs 
H181N, H224N, H274N, H219N, H248N, or H287N. 
(0206. The H287N mutant lost about 96% activity, and is 
thought to act as a hydrogen acceptor in active site reactions. 
The H181N and H274N mutants lost between 15% and 19% 
activity, and are thought to help stabilize the enzyme. The 
H224N mutant gained about 14% activity, indicating that 
alterations to this residue may also affect activity (Hartleib, J. 
and Ruterians, H., 2001b). 
0207. In a further example of squid-type DFPase func 
tional equivalents, recombinant Squid-type DFPase 
sequence-length mutants have been expressed wherein a 
(His)6 tag sequence and a thrombin cleavage site has been 
added to the squid-type DFPase (Hartleib, J. and Ruterjans, 
H., 2001a). In an additional example, a polypeptide compris 
ing amino acids 1-148 of squid-type DFPase has been 
admixed with a polypeptide comprising amino acids 149-314 
of squid-type DFPase to produce an active enzyme (Hartleib, 
J. and Ruterjans, H., 2001a). 
0208. 3. Combinations of Biomolecules 
0209. It is contemplated that in various embodiments, a 
composition of the present invention may comprise one or 
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more selected biomolecules, with an enzyme being a pre 
ferred biomolecule. It is contemplated that in specific 
embodiments, a composition of the present invention may 
comprise an endogenously expressed wild-type enzyme, a 
recombinant enzyme, or a combination thereof. In specific 
aspects, a recombinant enzyme comprises a wild-type 
enzyme, a functional equivalent enzyme, or a combination 
thereof. Numerous examples of enzymes with different prop 
erties are described herein, and any such enzyme as would be 
known to one of ordinary skill in the art is contemplated for 
inclusion in a composition of the present invention. 
0210. It is contemplated that a combination of biomol 
ecules may be selected for inclusion in the biomolecule com 
position, coating and/or paint, to optimize one or more prop 
erties of Such a composition of the present invention. Thus, a 
composition of the present invention may comprise 1 to 100 
or more different selected biomolecules of interest, including 
all intermediate ranges and combinations thereof. For 
example, as various enzymes have differing binding proper 
ties, catalytic properties, stability properties, properties 
related to environmental safety, etc., one may select a combi 
nation of enzymes to confer the a more desirable range of 
properties to a composition of the present invention. In a 
specific example, it is contemplated that phosphoric triester 
hydrolases, with differing but desirable abilities to cleave the 
chiral centers of OP compounds, may be admixed to confer a 
more desirable range of catalytic properties to a composition 
of the present invention than would be achieved by the selec 
tion of a single phosphoric triester hydrolase. 

C. Recombinantly Produced Enzymes 
0211. In certain aspects, an enzyme of the present inven 
tion may be biologically produced in cell, tissue and/or organ 
ism transformed with a genetic expression vector. As used 
herein, an “expression vector” refers to a carrier nucleic acid 
molecule, into which a nucleic acid sequence can be inserted, 
wherein the nucleic acid sequence is capable of being tran 
scribed into a ribonucleic acid (“RNA) molecule after intro 
duction into a cell. Usually an expression vector comprises 
deoxyribonucleic acid (“DNA). As used herein, an “expres 
sion system” refers to an expression vector, and may further 
comprise additional reagents needed to promote insertion of 
a nucleic acid sequence, introduction into a cell, transcription 
and/or translation. As used herein, a “vector” refers to a 
carrier nucleic acid molecule into which a nucleic acid 
sequence can be inserted for introduction into a cell. Certain 
vectors are capable of replication of the vector and/or any 
inserted nucleic acid sequence in a cell. For example, a viral 
vector may be used in conjunction with either an eukaryotic 
or prokaryotic host cell, particularly one that is permissive for 
replication or expression of the vector. A cell that is capable of 
being transformed with a vector is known herein as a “host 
cell. 
0212. In general embodiments, the inserted nucleic acid 
sequence encodes for at least part of a gene product. In some 
embodiments wherein the nucleic acid sequence is tran 
scribed into an RNA molecule, the RNA molecule is then 
translated into a proteinaceous molecule. As used herein, a 
'gene' refers to a nucleic acid sequence isolated from an 
organism, and/or man-made copies or mutants thereof, that 
comprises a nucleic acid sequence capable of being tran 
scribed and/or translated in an organism. A "gene product is 
the transcribed RNA and/or translated proteinaceous mol 
ecule from a gene. Often, only partial nucleic acid sequences 
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of a gene, known herein as a 'gene fragment.” are used 
COME BACK to produce a part of the gene product. Many 
gene and gene fragment sequences are known in the art, and 
are both commercially available and/or publicly disclosed at 
a database Such as Genbank. It is contemplated that a gene 
and/or a gene fragment can be used to recombinantly produce 
an enzyme for use in the present invention. It is further con 
templated that a gene and/or a gene fragment can be use in 
construction of a fusion protein comprising an enzyme, for 
use in the present invention. 
0213. In certain embodiments, a nucleic acid sequence 
Such as a nucleic acid sequence encoding an enzyme, or any 
other desired RNA or proteinaceous molecule (as well as a 
nucleic acid sequence comprising a promoter, a ribosome 
binding site, an enhancer, a transcription terminator, an origin 
of replication, or other nucleic acid sequences described 
herein or would be known by one of ordinary skill in the art in 
light of the present disclosures) may be recombinantly pro 
duced or synthesized using any method or technique known 
to those of ordinary skill in the art in various combinations. 
In “Molecular Cloning' (Sambrook, J., and Russell, D. W., 
Eds.) 3rd Edition, Cold Spring Harbor, N.Y., Cold Spring 
Harbor Laboratory Press, 2001: In “Current Protocols in 
Molecular Biology” (Chanda, V. B. Ed.) John Wiley & Sons, 
2002; In “Current Protocols in Cell Biology” (Morgan, K. 
Ed.) John Wiley & Sons, 2002: In “Current Protocols in 
Nucleic Acid Chemistry” (Harkins, E. W. Ed.) John Wiley & 
Sons, 2002: In “Current Protocols in Protein Science” (Tay 
lor, G. Ed.) John Wiley & Sons, 2002: In “Current Protocols 
in Pharmacology' (Taylor, G. Ed.) John Wiley & Sons, 2002: 
In “Current Protocols in Cytometry” (Robinson, J. P. Ed.) 
John Wiley & Sons, 2002; In "Current Protocols in Immu 
nology' (Coico, R. Ed.) John Wiley & Sons, 2002. For 
example, a gene and/or a gene fragment encoding the enzyme 
of interest may be isolated and/or amplified through poly 
merase chain reaction (“PCRTM) technology. Often such 
nucleic acid sequence is readily available from a public data 
base and/or a commercial vendor, as previously described. 
0214. Nucleic acid sequences, called codons, encoding for 
each amino acid are well known in the art, and used to copy 
and/or mutate a nucleic acid sequence to produce a desired 
mutant in an expressed amino acid sequence. Codons com 
prise nucleotides such as adenine ('A'), cytosine ('C'), gua 
nine (“G”), thymine (“T”) and uracil (“U”). The common 
amino acids are generally encoded by the following codons: 
alanine is encoded by GCU, GCC, GCA, or GCG, arginine is 
encoded by CGU, CGC, CGA, CGG, AGA, or AGG; aspartic 
acid is encoded by GAU or GAC; asparagine is encoded by 
AAU or AAC; cysteine is encoded by UGU or UGC; glutamic 
acid is encoded by GAA or GAG; glutamine is encoded by 
CAA or CAG; glycine is encoded by GGU, GGC, GGA, or 
GGG; histidine is encoded by CAU or CAC; isoleucine is 
encoded by AUU, AUC, or AUA; leucine is encoded by UUA, 
UUG, CUU, CUC, CUA, or CUG; lysine is encoded by AAA 
or AAG; methionine is encoded by AUG, phenylalanine is 
encoded by UUU or UUC: proline is encoded by CCU, CCC, 
CCA, or CCG: serine is encoded by AGU, AGC, UCU, UCC, 
UCA, or UCG, threonine is encoded by ACU, ACC, ACA, or 
ACG: tryptophan is encoded by UGG; tyrosine is encoded by 
UAU or UAC; and valine is encoded by GUU, GUC, GUA, or 
GUG 

0215. A mutation in a nucleic acid encoding a proteina 
ceous molecule may be introduced into the nucleic acid 
sequence through any technique known to one of ordinary 
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skill in the art. As would be well understood by those of 
ordinary skill in the art, such a mutation may be bioengi 
neered to a specific region of a nucleic acid comprising one or 
more codons using a technique such as site-directed mutagen 
esis or cassette mutagenesis. Numerous examples of phos 
phoric triester hydrolase mutants have been produced using 
site-directed mutagenesis or cassette mutagenesis, and are 
described herein. 
0216. It is contemplated that for recombinant expression, 
the choice of codons may be made to mimic the host cell's 
molecular biological activity, in order to optimize the effi 
ciency of expression from an expression vector. For example, 
codons may be selected to match the preferred codons used by 
a host cell in expressing endogenous proteins. In some 
aspects, the codons selected may be chosen to approximate 
the G-C content of an expressed gene and/or a gene fragment 
in a host cell's genome, or the G-C content of the genome 
itself. In other aspects, a host cell may be genetically altered 
to recognize more efficiently use a variety of codons, such as 
Escherichia coli host cells that are dnaY gene positive (Brink 
mann, U. et al., 1989). 
0217 1. General Expression Vector Components and Use 
0218. An expression vector may comprise specific nucleic 
acid sequences such as a promoter, a ribosome binding site, 
an enhancer, a transcription terminator, an origin of replica 
tion, or other nucleic acid sequence described herein or would 
be known by one of ordinary skill in the art in light of the 
present disclosures, in various combinations. A nucleic acid 
sequence can be “exogenous,” which means that it is foreign 
to the cell into which the vector is being introduced or that the 
sequence is homologous to a sequence in the cell, but in a 
position within the host cell nucleic acid in which the 
sequence is ordinarily not found. An expression vector may 
have one or more nucleic acid sequences removed by restric 
tion enzyme digestion, modified by mutagenesis, and/or 
replaced with another more appropriate nucleic acid 
sequence, for transcription and/or translation in a host cell 
suitable for the expression vector selected. 
0219. One of skill in the art can construct a vector through 
standard recombinant techniques, which are well known and 
routine in the art. Further, one of skill in the art would know 
how to express a vector to transcribe a nucleic acid sequence 
and/or translate its cognate proteinaceous molecule. One of 
skill in the art would further understand the conditions under 
which to incubate all of the above described host cells to 
maintain them and to permit replication of a vector. Also 
understood and known are techniques and conditions that 
would allow large-scale production of a vector, as well as 
production of a nucleic acid sequence encoded by a vector 
into an RNA molecule and/or translation of the RNA mol 
ecule into a cognate proteinaceous molecule. 
0220. In certain embodiments, a cell may express multiple 
gene and/or gene fragment products from the same vector, 
and/or express more than one vector. Often this occurs simply 
as part of the normal function of a multi-vector expression 
system. For example, one gene or gene fragment is often used 
to produce a repressor that Suppresses the activity of a pro 
moter that controls the expression of a gene or a gene frag 
ment of interest. The repressor gene and the desired gene may 
be on different vectors. 
0221) However, multiple gene, gene fragment and/or 
expression systems may be used to express an enzymatic 
sequence of interest and another gene or gene fragment that is 
desired for a particular function. In an example, recombinant 
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Pseudomonas putida has co-expressed OPH from one vector, 
and the multigenes encoding the enzymes for converting p-ni 
trophenol to B-ketoadipate from a different vector. The 
expressed OPH catalyzed the cleavage of parathion to p-ni 
trophenol. The additionally expressed recombinant enzymes 
converted the p-nitrophenol, which is a moderately toxic 
compound, to B-ketoadipate, thereby detoxifying both an OP 
compound and the byproducts of its hydrolysis (Walker, A. 
W. and Keasling, J. D., 2002). In a further example, Escheri 
chia coli cells expressed a cell surface targeted INPNC-OPH 
fusion protein from one vector to detoxify OP compounds, 
and co-expressed from a different vector a cell surface tar 
geted Lpp-Omp.A-cellulose binding domain fusion protein to 
immobilize the cell to a cellulose support (Wang, A. A. et al., 
2002). In an additional example, a vector co-expressed an 
antisense RNA sequence to the transcribed stress response 
gene O’ and OPH in Escherichia coli. The antisense G 
RNA was used to reduce the cell's stress response, including 
proteolytic damage, to an expressed recombinant proteina 
ceous molecule. A six-fold enhanced specific activity of 
expressed OPH enzyme was seen (Srivastava, R. et al., 2000). 
In a further example, multiple OPH fusion proteins were 
expressed from the same vector using the same promoter but 
separate ribosome binding sites (Wu, C.-F. et al., 2001b). 
0222. As is well known to those of skill in the art, an 
expression vector generally comprises a plurality of func 
tional nucleic acid sequences that either comprise a nucleic 
acid sequence with a molecular biological function in a host 
cell, such as a promoter, an enhancer, a ribosome binding site, 
a transcription terminator, etc., and/or encode a proteinaceous 
sequence, such as a leader peptide, a polypeptide sequence 
with enzymatic activity, a peptide or polypeptide with a bind 
ing property, etc. A nucleic acid sequence may comprise a 
“control sequence.” which refers to a nucleic acid sequence 
necessary for the transcription and possibly translation of an 
operatively linked coding sequence in a particular host cell. 
As used herein, an “operatively linked' or “operatively posi 
tioned nucleic acid sequence refers to the placement of one 
nucleic acid sequence into a functional relationship with 
another nucleic acid sequence. Vectors and expression vec 
tors may further comprise one or more nucleic acid sequences 
that serve other functions as well and are described herein. 

0223) The various functional nucleic acid sequences that 
comprise an expression vector are operatively linked so to 
position the different nucleic acid sequences for optimalfunc 
tion in a host cell. In certain cases, the functional nucleic acid 
sequences may be contiguous such as placement of a nucleic 
acid sequence encoding a leader peptide sequence in correct 
amino acid frame with a nucleic acid sequence encoding a 
polypeptide comprising a polypeptide sequence with enzy 
matic activity. In other cases, the functional nucleic acid 
sequences may be non-contiguous such as placing a nucleic 
acid sequence comprising an enhancer distal to a nucleic acid 
sequence comprising such sequences as a promoter, a 
encoded proteinaceous molecule, a transcription termination 
sequence, etc. One or more nucleic acid sequences may be 
operatively linked using methods well known in the art, par 
ticularly ligation at restriction sites that may pre-exist in a 
nucleic acid sequence or be added through mutagenesis. 
0224. A "promoter' is a control sequence that is a region 
of a nucleic acid sequence at which initiation and rate of 
transcription are controlled. In the context of a nucleic acid 
sequence comprising a promoter and an additional nucleic 
acid sequence, particularly one encoding a gene or gene frag 
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ment's product, the phrases “operatively linked.” “opera 
tively positioned.” “under control.” and “under transcrip 
tional control’ mean that a promoter is in a correct functional 
location and/or orientation in relation to the additional 
nucleic acid sequence to control transcriptional initiation and/ 
or expression of the additional nucleic acid sequence. A pro 
moter may contain genetic elements at which regulatory pro 
teins and molecules may bind Such as RNA polymerase and 
other transcription factors. A promoter employed may be 
constitutive, tissue-specific, inducible, and/or useful under 
the appropriate conditions to direct high level expression of 
the introduced nucleic acid sequence. Such as is advantageous 
in the large-scale production of a recombinant proteinaceous 
molecule. Examples of a promoter include a lac, a tac, an 
amp, a heat shock promoter of a P-element of Drosophila, a 
baculovirus polyhedron gene promoter, or a combination 
thereof. In a specific example, the nucleic acids encoding 
OPH have been expressed using the polyhedron promoter of 
abaculoviral expression vector (Dumas, D. P. et al., 1990). In 
a further example, a Cochliobolus heterostrophus promoter, 
proml, has been used to express a nucleic acid encoding OPH 
(Dave, K. I. et al., 1994b). 
0225. The promoter may be endogenous or heterologous. 
An "endogenous promoter” comprises one naturally associ 
ated with a gene or sequence, as may be obtained by isolating 
the 5' non-coding sequences located upstream of the coding 
segment and/or exon. Alternatively, certain advantages will 
be gained by positioning the coding nucleic acid sequence 
under the control of a "heterologous promoter” or “recombi 
nant promoter, which refers to a promoter that is not nor 
mally associated with a nucleic acid sequence in its natural 
environment. 

0226. A specific initiation signal also may be required for 
efficient translation of a coding sequence by the host cell. 
Such a signal may include an ATG initiation codon (“start 
codon’) and/or an adjacent sequence. Exogenous transla 
tional control signals, including the ATG initiation codon, 
may need to be provided. One of ordinary skill in the art 
would readily be capable of determining this and providing 
the necessary signals. It is well known that the initiation 
codon must be “in-frame with the reading frame of the 
desired coding sequence to ensure translation of the entire 
insert. The exogenous translational control signal and/or an 
initiation codon can be either natural or synthetic. The effi 
ciency of expression may be enhanced by the inclusion of an 
appropriate transcription enhancer. 
0227. A promoter may or may not be used in conjunction 
with an "enhancer, which refers to a cis-acting regulatory 
sequence involved in the transcriptional activation of a 
nucleic acid sequence. An enhancer may be one naturally 
associated with a nucleic acid sequence, located either down 
stream or upstream of that sequence. A recombinant or het 
erologous enhancer refers also to an enhancer not normally 
associated with a nucleic acid sequence in its natural environ 
ment. Such a promoter and/or enhancer may include a pro 
moter and/or enhancer of another gene, a promoter and/or 
enhancer isolated from any other prokaryotic, viral, or 
eukaryotic cell, a promoter and/or enhancer not “naturally 
occurring, i.e., a promoter and/or enhancer comprising dif 
ferent elements of different transcriptional regulatory 
regions, and/or mutations that alter expression. In addition to 
producing a nucleic acid sequence comprising a promoter 
and/or enhancer synthetically, a sequence may be produced 
using recombinant cloning and/or nucleic acid amplification 
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technology, including PCRTM, in connection with the com 
positions disclosed herein (U.S. Pat. No. 4,683.202, U.S. Pat. 
No. 5,928,906). 
0228. It will be important to employ a promoter and/or 
enhancer that effectively directs the expression of the nucleic 
acid sequence in the cell type, chosen for expression. Those of 
skill in the art of molecular biology generally know the use of 
promoters, enhancers, and cell type combinations for expres 
Sion. Furthermore, it is contemplated the control sequences 
that direct transcription and/or expression of sequences 
within non-nuclear organelles, including eukaryotic 
organelles Such as mitochondria, chloroplasts, and the like, 
can be employed as well. 
0229. Vectors can include a multiple cloning site 
(“MCS”), which is a nucleic acid region that contains mul 
tiple restriction enzyme sites, any of which can be used in 
conjunction with standard recombinant technology to digest 
the vector. “Restriction enzyme digestion” refers to catalytic 
cleavage of a nucleic acid molecule with an enzyme which 
functions only at specific locations in a nucleic acid molecule. 
Many of these restriction enzymes are commercially avail 
able. Use of such enzymes is widely understood by those of 
skill in the art. Frequently, a vectoris linearized or fragmented 
using a restriction enzyme that cuts within the MCS to enable 
an exogenous nucleic acid sequence to be ligated to the vec 
tor. “Ligation” refers to the process of forming phosphodi 
ester bonds between two nucleic acid fragments, which may 
or may not be contiguous with each other. Techniques involv 
ing restriction enzymes and ligation reactions are well known 
to those of skill in the art of recombinant technology. 
0230. A “fusion protein, as used herein, is an expressed 
contiguous amino acid sequence comprising a proteinaceous 
molecule of interest and one or more additional peptide or 
polypeptide sequences. The additional peptide or polypeptide 
sequence generally provides an useful additional property to 
the fusion protein, including but not limited to, targeting the 
fusion protein to a particular location within or external to the 
host cell (e.g., a signal peptide); promoting the ease of puri 
fication and/or detection of the fusion protein (e.g., a tag, a 
fusion partner); promoting the ease of removal of one or more 
additional sequences from the peptide or polypeptide of inter 
est (e.g., a protease cleavage site); and separating one or more 
sequences of the fusion protein to allow optimal activity or 
function of the sequence(s) (e.g., a linker sequence). 
0231. As used herein a “tag” is a peptide sequence opera 
tively associated to the sequence of another peptide or 
polypeptide sequence. Examples of a tag include a His-tag, a 
strep-tag, a flag-tag, a T7-tag, a S-tag, a HSV-tag, a polyargi 
nine-tag, a polycysteine-tag. a polyaspartic acid-tag, a 
polyphenylalanine-tag, or a combination thereof. A His-tag is 
6 or 10 amino acids in length, and can be incorporated at the 
N-terminus, C-terminus or within an amino acid sequence for 
use in detection and purification. A His tag binds affinity 
columns comprising nickel, and is eluted using low pH con 
ditions or with imidazole as a competitor (Unger, T. F., 1997). 
A strep-tag is 10 amino acids in length, and can be incorpo 
rated at the C-terminus. A strep-tag binds streptavidin or 
affinity resins that comprise streptavidin. A flag-tag is 8 
amino acids in length, and can be incorporated at the N-ter 
minus or C-terminus of an amino acid sequence for use in 
purification. A T7-tag is 11 or 16 amino acids in length, and 
can be incorporated at the N-terminus or within an amino acid 
sequence for use in purification. A S-tag is 15 amino acids in 
length, and can be incorporated at the N-terminus, C-termi 
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nus or within an amino acid sequence for use in detection and 
purification. A HSV-tag is 11 amino acids in length, and can 
be incorporated at the C-terminus of an amino acid sequence 
for use in purification. The HSV tag binds an anti-HSV anti 
body in purification procedures (Unger, T. F., 1997). A pol 
yarginine-tag is 5 to 15 amino acids in length, and can be 
incorporated at the C-terminus of an amino acid sequence for 
use in purification. A polycysteine-tag, is 4 amino acids in 
length, and can be incorporated at the N-terminus of an amino 
acid sequence for use in purification. A polyaspartic acid-tag 
can be 5 to 16 amino acids in length, and can be incorporated 
at the C-terminus of an amino acid sequence for use in puri 
fication. A polyphenylalanine-tag is 11 amino acids in length, 
and can be incorporated at the N-terminus of an amino acid 
sequence for use in purification. 
0232. In one example, a (His)6 tag sequence has been used 

to purify fusion proteins comprising GFP-OPH or OPH using 
immobilized metal affinity chromatography (“IMAC) (Wu, 
C.-F. et al., 2000b; Wu, C.-F. et al., 2002). In a further 
example, a (His)6 tag sequence followed by a thrombin cleav 
age site has been used to purify fusion proteins comprising 
squid-type DFPase using IMAC (Hartleib, J. and Ruterjans, 
H., 2001a). In a further example, an OPH fusion protein 
comprising a C-terminal flag has been expressed (Wang, J. et 
al., 2001). 
0233. As used herein a “fusion partner is a polypeptide 
that is operatively associated to the sequence of another pep 
tide or polypeptide of interest. Properties that a fusion partner 
can confer to a fusion protein include, but are not limited to, 
enhanced expression, enhanced solubility, ease of detection, 
and/or ease of purification of a fusion protein. Examples of a 
fusion partner include a thioredoxin, a cellulose-binding 
domain, a calmodulin binding domain, an avidin, a protein A, 
a protein G, a glutathione-S-transferase, a chitin-binding 
domain, an ELP, a maltose-binding domain, or a combination 
thereof. Thioredoxin can be incorporated at the N-terminus or 
C-terminus of an amino acid sequence for use in purification. 
A cellulose-binding domain binds a variety of resins com 
prising cellulose orchitin (Unger, T. F., 1997). A calmodulin 
binding domain binds affinity resins comprising calmodulin 
in the presence of calcium, and allows elution of the fusion 
protein in the presence of ethylene glycol tetra acetic acid 
(“EGTA') (Unger, T. F., 1997). Avidin is useful inpurification 
or detection. A protein A or a protein G binds a variety of 
anti-bodies for ease of purification. Protein A is generally 
bound to an IgG Sepharose resin (Unger, T. F., 1997). Strepta 
vidin is useful in purification or detection. Glutathione-S- 
transferase can be incorporated at the N-terminus of an amino 
acid sequence for use in detection or purification. Glu 
tathione-S-transferase binds affinity resins comprising glu 
tathione (Unger, T. F., 1997). An elastin-like polypeptide 
comprises repeating sequences (e.g., 78 repeats) which 
reversibly converts itself, and thus the fusion protein, from an 
aqueous soluble polypeptide to an insoluble polypeptide 
above an empirically determined transition temperature. The 
transition temperature is affected by the number of repeats, 
and can be determined spectrographically using techniques 
known in the art, including measurements at 655 nano meters 
(“nm') over a 4° C. to 80° C. range (Urry, D. W. 1992: 
Shimazu, M. et al., 2002). A chitin-binding domain preferable 
comprises an intein cleavage site sequence, and can be incor 
porated at the C-terminus for purification. The chitin-binding 
domain binds affinity resins comprising chitin, and an intein 
cleavage site sequence allows the self-cleavage in the pres 
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ence of thiols at reduced temperature to release the peptide or 
polypeptide sequence of interest (Unger, T. F., 1997). A mal 
tose-binding domain can be incorporated at the N-terminus or 
C-terminus of an amino acid sequence for use in detection or 
purification. A maltose-binding domain sequence usually fur 
ther comprises a ten amino acid poly asparagine sequence 
between the maltose binding domain and the sequence of 
interest to aid the maltose-binding domain in binding affinity 
resins comprising amylose (Unger, T. F., 1997). 
0234. In an example, a fusion protein comprising an elas 
tin-like polypeptide sequence and an OPH sequence has been 
expressed (Shimazu, M. et al., 2002). In a further example, a 
cellulose-binding domain-OPH fusion protein has also been 
recombinantly expressed (Richins, R. D. et al., 2000). In an 
additional example, a maltose binding protein-E3 carboxy 
lesterase fusion protein has been recombinantly expressed 
(Claudianos, C. et al., 1999) 
0235 A protease cleavage site promotes proteolytic 
removal of the fusion partner from the peptide or polypeptide 
of interest. Often, a fusion protein is bound to an affinity resin, 
and cleavage at the cleavage site promotes the ease of purifi 
cation of a peptide or polypeptide of interest with most or all 
of the tag or fusion partner sequence removed (Unger, T. F., 
1997). Protease cleavage sites are well known in the art, and 
examples of protease cleavage sites include the factor Xa 
cleavage site, which is four amino acids in length; the enter 
okinase cleavage site, which is five amino acids in length; the 
thrombin cleavage site, which is sixamino acids in length; the 
rTEV protease cleavage site, which is seven amino acids in 
length; the 3C human rhino virus protease, which is eight 
amino acids in length; and the PreScissionTM cleavage site, 
which is eight amino acids in length. In an example, an 
enterokinase recognition site was used to separate an OPH 
sequence from a fusion partner (Wu, C.-F. et al., 2000b; Wu, 
C.-F. et al., 2001 b). 
0236. In an eukaryotic expression system (e.g., a fungal 
expression system), the “terminator region' or “terminator 
may also comprise a specific DNA sequence that permits 
site-specific cleavage of the new transcript so as to expose a 
polyadenylation site. This signals a specialized endogenous 
polymerase to add a stretch of adenosine nucleotides 
(“polyA') of about about 200 in number to the 3' end of the 
transcript. RNA molecules modified with this polyA tail 
appear to more stable and are translated more efficiently. 
Thus, in other embodiments involving an eukaryote, it is 
preferred that that terminator comprises a signal for the cleav 
age of the RNA, and it is more preferred that the terminator 
signal promote polyadenylation of the message. The termi 
nator and/or polyadenylation site elements can serve to 
enhance message levels and/or to minimize read through 
from the cassette into other sequences. 
0237. A terminator contemplated for use in the invention 
include any known terminator of transcription described 
herein or known to one of ordinary skill in the art, including 
but not limited to, for example, a termination sequence of a 
gene, such as for example, a bovine growth hormone termi 
nator or a viral termination sequence, such as for example a 
SV40 terminator. In certain embodiments, the termination 
signal may be a lack of transcribable or translatable sequence, 
Such as due to a sequence truncation. In one example, a trpC 
terminator from Aspergillus nidulans has been used in the 
expression of recombinant OPH (Dave, K. I. et al., 1994b). 
0238. In expression, particularly eukaryotic expression, 
one will typically include a polyadenylation signal to effect 
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proper polyadenylation of the transcript. The nature of the 
polyadenylation signal is not believed to be crucial to the 
Successful practice of the invention, and/or any Such sequence 
may be employed. Preferred embodiments include the SV40 
polyadenylation signal and/or the bovine growth hormone 
polyadenylation signal, convenient and/or known to function 
well in various target cells. Polyadenylation may increase the 
stability of the transcript or may facilitate cytoplasmic trans 
port. 
0239. In order to propagate a vector in a host cell, it may 
contain one or more origins of replication sites (“on”), which 
is a specific nucleic acid sequence at which replication is 
initiated. Alternatively an autonomously replicating 
sequence (ARS) can be employed if the host cell is yeast. 
0240 Various types of prokaryotic and/or eukaryotic 
expression vectors are known in the art. Examples of types of 
expression vectors include a bacterial artificial chromosome 
(“BAC), a cosmid, a plasmid e.g., a pMB1/colE1 derived 
plasmid such as pBR322, puC18; a Tiplasmid of Agrobac 
terium tumefaciens derived vector (Rogers, S. G. et al., 
1987), a virus (e.g., a bacteriophage such as a bacteriophage 
M13, an animal virus, a plant virus), or a yeast artificial 
chromosome (“YAC). Some vectors, known herein as 
“shuttle vectors' may employ control sequences that allow it 
to be replicated and/or expressed in both prokaryotic and 
eukaryotic cells e.g., a wheat dwarf virus (“WDV) pW1-11 
or pW1-GUS shuttle vector (Ugaki, M. et al., 1991). An 
expression vector operatively linked to a nucleic acid 
sequence encoding an enzymatic sequence of the present 
invention may be constructed using techniques known to 
those of skill in the art in light of the present disclosures In 
“Molecular Cloning' (Sambrook, J., and Russell, D. W., 
Eds.) 3rd Edition, Cold Spring Harbor, N.Y.: Cold Spring 
Harbor Laboratory Press, 2001: In “Current Protocols in 
Molecular Biology” (Chanda, V. B. Ed.) John Wiley & Sons, 
2002: In “Current Protocols in Nucleic Acid Chemistry” 
(Harkins, E. W. Ed.) John Wiley & Sons, 2002: In “Current 
Protocols in Protein Science” (Taylor, G. Ed.) John Wiley & 
Sons, 2002; In “Current Protocols in Cell Biology' (Morgan, 
K. Ed.) John Wiley & Sons, 2002). 
0241) Numerous expression systems exist that comprise at 
least a part or all of the compositions discussed above. 
Prokaryote- and/or eukaryote-based systems can be 
employed for use with the present invention to produce 
nucleic acid sequences, or their cognate polypeptides, pro 
teins and peptides. Many such systems are widely available, 
including those provide by commercial vendors, as would be 
known to those of skill in the art. For example, an insect 
cell/baculovirus system can produce a high level of protein 
expression of a heterologous nucleic acid sequence, such as 
described in U.S. Pat. Nos. 5,871,986, 4,879,236, both incor 
porated herein by reference, and which can be bought, for 
example, under the name MAXBAC(R) 2.0 from INVITROGENR) 
and BACPACKTM BACULOVIRUS EXPRESSION SYSTEM FROM 
CLONTECHR). In an addition example of an expression system 
include STRATAGENER'S COMPLETE CONTROLTM Inducible 
Mammalian Expression System, which involves a synthetic 
ecdysone-inducible receptor, or its pET Expression System, 
an Escherichia coli expression system. Another example of 
an inducible expression system is available from INVITRO 
GENR), which carries the T-REXTM (tetracycline-regulated 
expression) System, an inducible mammalian expression sys 
tem that uses the full-length CMV promoter. INVITROGENR) 
also provides a yeast expression system called the Pichia 
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methanolica Expression System, which is designed for high 
level production of recombinant proteins in the methy 
lotrophic yeast Pichia methanolica. In a specific example, E3 
carboxylesterase enzymatic sequences and phosphoric tri 
ester hydrolase functional equivalents have been recombi 
nantly expressed in a BACPACKTM Baculovirus Expression 
System From CLONTECHR (Newcomb, R. D. et al., 1997: 
Campbell, P. M. et a..., 1998). In certain embodiments, a bio 
molecule may be expressed in a plant cell (e.g., a corn cell), 
using techniques such as those described in U.S. Pat. Nos. 
6,504,085, 6,136,320, 6,087,558, 6034,298, 5,914,123, and 
5,804,694. 
0242 2. Prokaryotic Expression Vectors and Use 
0243 In preferred embodiments, a prokaryote such as a 
bacterium comprises a host cell. In specific aspects, the bac 
terium host cell comprises a Gram-negative bacterium cell. 
Various prokaryotic host cells have been used in the art with 
expression vectors, and it is contemplated that any prokary 
otic host cell known in the art may be used to express a peptide 
or polypeptide comprising an enzyme sequence of the present 
invention. 
0244 An expression vector for use in prokaryotic cells 
generally comprises nucleic acid sequences such as, a pro 
moter, a ribosome binding site (e.g., a Shine-Delgarno 
sequence), a start codon, a multiple cloning site, a fusion 
partner, a protease cleavage site, a stop codon, a transcription 
terminator, an origin of replication, a repressor, and/or any 
other additional nucleic acid sequence that would be used in 
such an expression vector, as would be known to one of 
ordinary skill in the art Makrides, S. C., 1996; Hannig, G. 
and Makrides, S.C., 1998; Stevens, R. C., 2000: In “Molecu 
lar Cloning' (Sambrook, J., and Russell, D. W., Eds.) 3rd 
Edition, Cold Spring Harbor, N.Y.: Cold Spring Harbor Labo 
ratory Press, 2001: In “Current Protocols in Molecular Biol 
ogy” (Chanda, V. B. Ed.) John Wiley & Sons, 2002: In “Cur 
rent Protocols in Nucleic Acid Chemistry” (Harkins, E. W. 
Ed.) John Wiley & Sons, 2002: In “Current Protocols in 
Protein Science” (Taylor, G. Ed.) John Wiley & Sons, 2002: 
In “Current Protocols in Cell Biology' (Morgan, K. Ed.) John 
Wiley & Sons, 2002). 
0245. A promoter generally is positioned 10 to 100 nucle 
otides 5' to a nucleic acid sequence comprising a ribosome 
binding site. Examples of promoters that have been used in a 
prokaryotic cell includes a T5 promoter, a lac promoter, a tac 
promoter, a trc promoter, anaraBAD promoter, a P. promoter, 
a T7 promoter, a T7-lac operator promoter, and variations 
thereof. The T5 promoter is regulated by the lactose operator. 
A lac promoter (e.g., a lac promoter, a lacUV5 promoter), a 
tac promoter (e.g., a tacl promoter, a tacll promoter), a T7-lac 
operator promoter or a trc promoter are each Suppressed by a 
lacl repressor, a more effective lac repressor or an even 
stronger lacl' repressor (Glascock, C. B. and Weickert, M. 
J., 1998). Isopropyl-B-D-thiogalactoside (“IPTG') is used to 
induce lac, tac, T7-lac operator and trc promoters. An ara 
BAD promoter is suppressed by an araC repressor, and is 
induced by 1-arabinose. AP, promoter or a T7 promoter are 
each suppressed by a cIts857 repressor, and induced by a 
temperature of 42°C. Nalidixic acid may be used to induce a 
P. promoter. 
0246. In an example, recombinantamino acid Substitution 
mutants of OPH have been expressed in Escherichia coli 
using a lac promoter induced by IPTG (Watkins, L. M. et al., 
1997b). In another example, recombinant wild type and a 
signal sequence truncation mutant of OPH was expressed in 
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Pseudomonas putida under control of a lactac and tac pro 
moters (Walker, A. W. and Keasling, J. D., 2002). In a further 
example, an OPH-Lpp-OmpA fusion protein has been 
expressed in Escherichia coli strains JM105 and XL1-Blue 
using a constitutive lpp-lac promoter or a tac promoter 
induced by IPTG and controlled by a lac1repressor (Richins, 
R. D. et al., 1997: Kaneva, I. et al., 1998; Mulchandani, A. et 
al., 1999b). In an additional example, a cellulose-binding 
domain-OPH fusion protein has also been recombinantly 
expressed under the control of a T7 promoter (Richins, R. D. 
et al., 2000). In a further example, recombinant Altermonas 
sp. JD6.5 OPAA has been expressed under the control of a trc 
promoter in Escherichia coli (Cheng, T-C. et al., 1999). In an 
additional example, a (His)6 tag sequence-thrombin cleavage 
site-squid-type DFPase has been expressed using a Ptac pro 
moter in Escherichia coli (Hartleib, J. and Ruterjans, H., 
2001a). 
0247. A ribosome binding site is important for transcrip 
tion initiation, and is usually positioned 4 to 14 nucleotides 5' 
from the start codon. A start codon signals initiation of tran 
Scription. A multiple cloning site comprises restriction sites 
for incorporation of a nucleic acid sequence encoding a pep 
tide or polypeptide of interest. 
0248. A stop codon signals translation termination. The 
vectors or constructs of the present invention will generally 
comprise at least one termination signal. A “termination sig 
nal or “terminator” is comprised of the DNA sequences 
involved in specific termination of an RNA transcript by an 
RNA polymerase. Thus, in certain embodiments a termina 
tion signal that ends the production of an RNA transcript is 
contemplated. A terminator may be necessary in Vivo to 
achieve desirable message levels. A transcription terminator 
signals the end or transcription and often enhances mRNA 
stability. Examples of a transcription terminator include a 
rrnB T1 or arrnBT2 transcription terminator (Unger, T. F., 
1997). An origin of replication regulates the number of 
expression vector copies maintained in a transformed host 
cell. 

0249. A selectable marker usually provides a transformed 
cell resistance to an antibiotic. Examples of a selectable 
marker used in a prokaryotic expression vector include a 
B-lactamase, which provides resistance to antibiotic Such as 
an amplicillin or a carbenicillin; a tet gene product, which 
provides resistance to a tetracycline, or a Km gene product, 
which provides resistance to a kanamycin. A repressor regu 
latory gene Suppresses transcription from the promoter. 
Examples of repressor regulatory genes include the lacl, lac1. 
or lac1' repressors (Glascock, C. B. and Weickert, M. J., 
1998). Often, the host cell's genome, or additional nucleic 
acid vector co-transfected into the host cell, may comprise 
one or more of these nucleic acid sequences. Such as, for 
example, a repressor. 
0250. It is contemplated that an expression vector for a 
prokaryotic host cell will comprise a nucleic acid sequence 
that encodes a periplasmic space signal peptide. In preferred 
aspects, this nucleic acid sequence will be operatively linked 
to a nucleic acid sequence comprising an enzymatic peptide 
or polypeptide of the present invention, wherein the periplas 
mic space signal peptide directs the expressed fusion protein 
to be translocated into a prokaryotic host cell's periplasmic 
space. Fusion proteins secreted in the periplasmic space may 
be obtained through simplified purification protocols com 
pared to non-secreted fusion proteins. A periplasmic space 
signal peptide are usually operatively linked at or near the 

30 
Sep. 30, 2010 

N-terminus of an expressed fusion protein. Examples of a 
periplasmic space signal peptide include the Escherichia coli 
ompA, ompT, and malel leader peptide sequences and the T7 
caspid protein leader peptide sequence (Unger, T. F., 1997). 
0251 Mutated and/or recombinantly altered bacterium 
that release a peptide or polypeptide comprising an enzyme 
sequence of the present invention into the environment may 
be particularly advantageous for purification and/or contact 
of enzyme with a target chemical Substrate. It is contemplated 
that a strain of bacteria, Such as, for example, a bacteriocin 
release protein mutant strain of Escherichia coli, may be used 
to promote release of expressed proteins targeted to the peri 
plasm into the extracellular environment (Vander Wal, F. J. et 
al., 1998). In other aspects, it is contemplated that a bacterium 
may be transfected with an expression vector that produces a 
gene and/or a gene fragment product that promotes the 
release of a protenaceous molecule of interest from the peri 
plasm into the extracellular environment. For example, a plas 
mid encoding the third topological domain of ToIA has been 
described as promoting the release of endogenous and recom 
binantly expressed proteins from the periplasm (Wan, E. W. 
and Baneyx, F., 1998). 

D. Host Cells 

0252) Many host cells from various cell types and organ 
isms are available and would be known to one of skill in the 
art. As used herein, the terms “cell,” “cell line, and “cell 
culture' may be used interchangeably. All of these terms also 
include their progeny, which is any and all subsequent gen 
erations. It is understood that all progeny may not be identical 
due to deliberate or inadvertent mutations. In the context of 
expressing a heterologous nucleic acid sequence, "host cell” 
refers to a prokaryotic or eukaryotic cell, and it includes any 
transformable organism that is capable of replicating a vector 
and/or expressing a heterologous gene and/or gene fragment 
encoded by a vector. A host cell can, and has been, used as a 
recipient for vectors. A host cell may be “transfected” or 
“transformed, which refers to a process by which exogenous 
nucleic acid sequence is transferred or introduced into the 
host cell. A transformed cell includes the primary subject cell 
and its progeny. Techniques for transforming a cell are 
extremely well known in the art, and include, for example 
calcium phosphate precipitation, cell Sonication, diethylami 
noethanol (“DEAE)-dextran, direct microinjection, DNA 
loaded liposomes, electroporation, gene bombardment using 
high Velocity microprojectiles, receptor-mediated transfec 
tion, viral-mediated transfection, or a combination thereof In 
“Molecular Cloning' (Sambrook, J., and Russell, D. W., 
Eds.) 3rd Edition, Cold Spring Harbor, N.Y.: Cold Spring 
Harbor Laboratory Press, 2001: In “Current Protocols in 
Molecular Biology” (Chanda, V. B. Ed.) John Wiley & Sons, 
2002). 
0253) Once a suitable expression vector is transformed 
into a cell, the cell may be grown in an appropriate environ 
ment, and in some cases, used to produce a tissue or whole 
multicellular organism. As used herein, the terms "engi 
neered” and “recombinant cells or host cells are intended to 
refer to a cell into which an exogenous nucleic acid sequence 
has been introduced. Therefore, engineered cells are distin 
guishable from naturally occurring cells that do not contain a 
recombinantly introduced exogenous nucleic acid sequence. 
Engineered cells are thus cells having a nucleic acid sequence 
introduced through the hand of man. Recombinant cells 
include those having an introduced cDNA or genomic gene 
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and/or a gene fragment positioned adjacent to a promoter not 
naturally associated with the particular introduced nucleic 
acid sequence, a gene, and/or a gene fragment. An enzyme or 
proteinaceous molecule produced from the introduced gene 
and/or gene fragment is referred to as a recombinant enzyme 
or recombinant proteinaceous molecule, respectively. All tis 
Sues, offspring, progeny or descendants of Such a cell, tissue, 
and/or organism that comprise the transformed nucleic acid 
sequence thereofare considered part of the present invention. 
0254 Though it is possible to purify an expressed enzyme 
from cellular material, the discovery disclosed herein of the 
properties of an enzyme composition comprising, in pre 
ferred embodiments, an enzyme expressed and retained, 
whether naturally or through recombinant expression, within 
a cell. In preferred embodiments, an enzyme is produced 
using recombinant nucleic acid expression systems in the 
cell. Cells are known herein based on the type of enzyme 
expressed within the cell, whether endogenous or recombi 
nant, so that, for example, a cell expressing an enzyme of 
interest would be known as an enzyme" cell, a cell expressing 
a phosphoric triester hydrolase would be known herein as a 
“phosphoric triester hydrolase" cell.” etc. Additional 
examples of Such nomenclature include an aryldialkylphos 
phatase" cell, an OPH cell, an OPAA" cell, a human 
paraoxonase" cell, a carboxylase" cell, a prolidase" cell, an 
aminopeptideases" cell, a PepQ" cell, ampd product"cell, a 
“Besterase" cell, an acetycholinesterase cell, abutyrylcho 
linesterase" cell, diisopropyl-fluorophosphatase" cell, 
Mazur-type DFPase" cell, or a squid-type DFPase" cell, 
respectively denoting cells that comprise, an aryldialkylphos 
phatase, an OPH, a OPAA, a human paraoxonase, a carboxy 
lase, a prolidase, an aminopeptidease, a PepO, ampd product, 
a “B” esterase, an acetycholinesterase, a butyrylcholinest 
erase, a diisopropyl-fluorophosphatase, a MaZur-type 
DFPase, or a squid-type DFPase, etc. 
0255. In preferred embodiments, an enzyme cell com 
prises a bacterial cell, a yeast cell, an insect cell, a plant cell, 
or a combination thereof. In preferred aspects, the cell com 
prises a cell wall. Contemplated enzyme" cells that comprise 
cell walls include, but are not limited to, a bacterial cell, a 
fungal cell, a plant cell, or a combination thereof. In preferred 
facets, a microorganism comprises the enzyme cell. 
Examples of contemplated microorganisms include a bacte 
rium, a fungus, or a combination thereof. Examples of a 
bacterial host cell that have been used with expression vectors 
include an Aspergillus niger, a Bacillus (e.g., B. amylolique 
faciens, B. brevis, B. licheniformis, B. subtilis), an Escheri 
chia coli, a Kluyveromyces lactis, a Moraxella sp., a 
Pseudomonas (e.g., fluorescens, putida), Flavobacterium 
cell, a Plesiomonas cell, an Alteromonas cell, or a combina 
tion thereof. Examples of a yeast cell include a Streptomyces 
lividans cell, a Gliocladium virens cell, a Saccharomyces cell, 
or a combination thereof. 

0256 Host cells may be derived from prokaryotes or 
eukaryotes, depending upon whether the desired result is 
replication of the vector or expression of part or all of the 
vector-encoded nucleic acid sequences. Numerous cell lines 
and cultures are available for use as a host cell, and they can 
be obtained through the American Type Culture Collection, 
which is an organization that serves as an archive for living 
cultures and genetic materials. An appropriate host can be 
determined by one of skill in the art based on the vector 
backbone and the desired result. A plasmid or cosmid, for 
example, can be introduced into a prokaryote host cell for 
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replication of many vectors. Examples of a bacterial cell used 
as a host cell for vector replication and/or expression include 
DH5a, JM109, and KC8, as well as a number of commercially 
available bacterial hosts such as NovablueTM Escherichia coli 
cells (NOVAGENER), SURE(R) Competent Cells and SOLO 
PACKTM Gold Cells (STRATAGENER). However, Escherichia 
coli cells have been the most common cell types used to 
express both wild type and mutant forms of OPH (Dumas, D. 
P. et al., 1989a; Dave, K. I. et al., 1993: Lai, K. et al., 1994; 
Wu, C.-F. et al., 2001a). In an example, the OPH I106A/ 
F132A/H257Y and G60A mutants have been expressed in 
Escherichia coli BL-21 host cells (Kuo, J. M. and Raushel, F. 
M., 1994: Li, W.-S. et al., 2001). In a further example, mal 
tose-binding domain-E3 carboxylesterase and phosphoric tri 
ester hydrolase functional equivalents have been expressed 
in Escherichia coli TB1 cells (Claudianos, C. et al., 1999). In 
another example, the OPH mutants designated W131F, 
F132Y, L136Y. L140Y, H257L, L271Y, F306A, and F306Y 
each have been expressed in NovablueTM Escherichia coli 
cells (Gopal, S. et al., 2000). In an addition example, OPAA 
from Alteromonas sp JD6.5 has been recombinantly 
expressed in Escherichia coli cells (Hill, C. M., 2000). In a 
further example, recombinant Altermonas sp. JD6.5 OPAA 
has been expressed in Escherichia coli (Cheng, T-C. et al., 
1999). In a further example, the mpd gene has been recom 
binantly expressed in Escherichia coli, and the encoded 
enzyme demonstrated methyl parathion degradation activity 
(Zhongli, C. et al., 2001). In an additional example, a recom 
binant squid-type DFPase fusion protein has been expressed 
Escherichia coli BL-21 cells (Hartleib, J. and Ruterjans, H., 
2001a). Alternatively, bacterial cells such as Escherichia coli 
LE392 could be used as host cells for phage viruses. Of 
course, one of skill in the art may select a bacterium species to 
express a proteinaceous molecule due to a particular desirable 
property. In an example, Moraxella sp. that degrades p-nitro 
phenol, a toxic cleavage product of parathion and methyl 
parathion, has been used to recombinantly express an OPH 
InaV fusion protein. The resulting recombinant bacterial 
degrades both toxic OP compounds and their cleavage 
byproduct (Shimazu, M. et al., 2001b). 
0257 Examples of eukaryotic host cells for replication 
and/or expression of a vector include yeast cells HeLa, 
NIH3T3, Jurkat, 293, Cos, CHO, Saos, and PC12. In an 
example, OPH has been expressed in the host yeast cells of 
Streptomyces lividans (Steiert, J. G. et al., 1989). In another 
example, OPH has been expressed in host insect cells, includ 
ing Spodoptera frugiperda Sf9 cells (Dumas, D. P. et al., 
1989b; Dumas, D. P. et al., 1990). In a further example, OPH 
has been expressed in the cells of Drosophila melanogaster 
(Phillips, J. P. et al., 1990). In an additional example, OPH has 
been expressed in the fungus Gliocladium virens (Dave, K.I. 
et al., 1994b). In a further example, the gene for human 
paraoxonase, PON1, has been recombinantly expressed in 
human embryonic kidney cells (Josse, D. et al., 2001; Josse, 
D. et al., 1999). In a further example, E3 carboxylesterase and 
phosphoric triester hydrolase functional equivalents have 
been expressed in host insect Spodoptera frugiperda Sf9 cells 
(Campbell, P. M. et al., 1998: Newcomb, R. D. et al., 1997). 
In an additional example, a phosphoric triester hydrolase 
functional equivalent of a butyrylcholinesterase has been 
expressed in Chinese hamster ovary (“CHO) cells (Lock 
ridge, O. et al., 1997). In certain embodiments, an eukaryotic 
cell that may be selected for expression is a plant cell. Such as, 
for example, a corn cell. 
E. Production of Expressed Proteinaceous Molecules 
0258. It is contemplated that any size flask or fermentor 
may be used to grow a tissue or organism that can express a 
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recombinant proteinaceous molecule of the present inven 
tion. In certain embodiments, bulk production of composi 
tions with enzymatic sequences is contemplated. 
0259. In an example, a fusion protein comprising, N-ter 
minus to C-terminus, a (His)6 polyhistidine tag, a green fluo 
rescent protein (“GFP), an enterokinase recognition site, and 
a OPH lacking the 29 amino acid leader sequence, has been 
expressed in Escherichia coli. The GFP sequence produced 
fluorescence that was proportional both the quantity of the 
fusion protein, and the activity of the OPH sequence. The 
fusion protein was more soluble than OPH expressed without 
the added sequences, and was expressed within the cells (Wu, 
C.-F. et al., 2000b; Wu, C.-F. et al., 2001a). 
0260. It is contemplated that the temperature selected may 
influence the rate and/or quality of recombinant enzyme pro 
duction. It is contemplated that in Some embodiments, 
expression of an enzyme may be conducted at 4°C. to 50°C., 
including all intermediate ranges and combinations thereof. 
Such combinations may include a shift from one temperature 
(e.g., 37°C.) to another temperature (e.g., 30°C.) during the 
induction of the expression of proteinaceous molecule. For 
example, both eukaryotic and prokaryotic expression of OPH 
may be conducted at temperatures 30° C., which has 
increased the production of enzymatically active OPH by 
reducing protein misfolding and inclusion body formation in 
some instances (Chen-Goodspeed, M. et al., 2001b; Wang, J. 
et al., 2001; Omburo, G. A. et al., 1992; Rowland, S.S. et al., 
1991). In an additional example, prokaryotic expression of 
recombinant squid-type DFPase fusion protein at 30° C. also 
enhanced yields of active enzyme (Hartleib, J. and Ruterjans, 
H., 2001a). It is contemplated that fed batch growth condi 
tions at 30°C., in a minimal media, using glycerolas a carbon 
Source, will be suitable for expression of various enzymes. 

F. Processing of Expressed Proteinaceous Molecules 
0261. After production of a biomolecule by a living cell, 
the composition comprising the biomolecule may undergo 
one or more processing steps to prepare a biomolecule com 
position of the present invention. Examples of Such steps 
include permeabilizing, disrupting, sterilizing, concentrat 
ing, drying, resuspending, or a combination thereof. Various 
embodiments of a biomolecule composition of the present 
invention are contemplated after one or more such processing 
steps. However, it is further contemplated that each process 
ing step will increase economic costs and/or reduce total 
biomolecule yield, so that embodiments comprising fewer 
steps are preferred. It is further contemplated that the order of 
steps may be varied and still produce a biomolecule compo 
sition of the present invention. 
0262. In certain embodiments, a biomolecule composition 
of the present invention may comprise various cellular com 
ponents (e.g., cell wall material, cell membrane material, 
nucleic acids, Sugars, polysacharrides, peptides, polypep 
tides, proteins, lipids, etc). Such a biomolecule composition 
of the present invention is known herein as a "crude cell 
preparation'. A "a crude cell preparation comprises the bio 
molecule within or otherwise in contact with a cell and/or 
cellular debris. In certain aspects, it is contemplated that the 
total content of desired biomolecule (e.g., an active biomol 
ecule) may range from 0.0001% to 99.9999% of a crude cell 
preparation, including all intermediate ranges and combina 
tions thereof, by Volume or dry weght, depending upon fac 
tors such as expression efficiency of the biomolecule in the 
cell and the amount of processing and/or purification steps. A 
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higher content of desired biomolecule in the biomolecular 
composition is preferred. But, in certain embodiments, it is 
also preferred that the biomolecule composition comprise 
cellular components, particularly cell wall and/or cell mem 
brane material, to provide material that may be protective to 
the biomolecule, enhances the particulate nature of the bio 
molecule composition, or a combination thereof. Thus, the 
biomolecule composition may comprise 0.0001% to 
99.9999% of cellular components, including all intermediate 
ranges and combinations thereof, by Volume or dry weight. 
However, in certain embodiments, lower ranges of cellular 
components is preferred, as the biomolecular composition 
would therefore comprise a greater percentage of a desired 
biomolecule. 

0263. In embodiments wherein the cellular material is 
derived from a microorganism, such as through expression of 
the biomolecule by a microorganism, the biomolecular com 
position is known herein as a “microorganism based particu 
late material'. The association of a biomolecule with a cellor 
cellular material is generally produced through endogenous 
expression, expression due to recombinant engineering, or a 
combination thereof. In preferred embodiments, a crude cell 
preparation comprises a biomolecule partly or whole encap 
sulated by a cell membrane and/or cell wall, whether natu 
rally so and/or through recombinant engineering. Such a bio 
molecule (e.g., the active biomolecule) encapsulated within 
or as a part of a cell wall and/or cell membrane is referred to 
herein as a “whole cell material' or “whole cell particulate 
material'. 
0264. It is contemplated that a biomolecule prepared as a 
crude cell preparation may have greater stability than a prepa 
ration wherein the biomolecule has been substantially sepa 
rated from a cell membrane and/or cell wall. It is further 
contemplated that a biomolecule prepared as a crude cell 
preparation, wherein the biomolecule is localized between 
the cell wall and cell membrane and/or within the cell so that 
the cell wall separates the biomolecule from the extracellular 
environment, may have greater stability than a preparation 
wherein the biomolecule has been substantially separated 
from a cell membrane and/or cell wall. 
0265 Additionally, it is contemplated that a biomolecule 
composition of the present invention may be encapsulated 
using a microencapsulation technique as would be known to 
one of ordinary skill in the art. Such encapsulation may 
enhance or confer the particulate nature of the biomolecule 
composition, provide protection to the biomolecule, increase 
the average particle size to a desired range, allow release of 
the biomolecule from the encapsulating material, alter Sur 
face charge, hydrophobicity, hydrophilicity, solubility and/or 
disperability of the particulate material, or a combination 
thereof. Examples of microencapulation (e.g., microsphere) 
compositions and techniques are described in Wang, H.T. et 
al., J. of Controlled Resease 17:23-25, 1991; and U.S. Pat. 
Nos. 4,324,683, 4,839,046, 4,988,623, 5,026,650, 5153,131, 
6,485,983, 5,627,021 and 6,020,312). 
0266 1. Cell Permeabilization/Disruption 
0267 In preferred aspects, a biomolecular composition of 
the present invention comprises a crude cell preparation 
wherein the cell membrane and/or cell wall has been altered 
through a permeablizating process, a disruption process, or a 
combination thereof. An example of Such an altered crude 
cellular preparation includes disrupted cells, permeabilized 
cells, or a combination thereof. As used herein, a “disrupted 
cell' is a crude cell preparation wherein wherein the cell 
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membrane and/or cell wall has been altered through a disrup 
tion process. As used herein, a “permeabilized cell' is a crude 
cell preparation wherein the cell membrane and/or cell wall 
has been altered through a permeabilizating process. It is 
contemplated that a biomolecule composition of the present 
invention prepared as a crude cellular preparation may have 
greater stability than a preparation wherein the biomolecule 
has been substantially purified from the cell wall and/or mem 
brane. 
0268 A processing step may comprise a permeabilizing 
step, wherein a cell is contacted with a permeabilizing agent 
such as dimethyl sulfoxide (“DMSO), ethylenediaminetet 
raacetic acid ("EDTA), tributyl phosphate, or a combination 
thereof. A permeabilizing step may increase the mass trans 
port of a substrate into the interior of a cell, where an enzyme 
localized inside the cell can catalyze a chemical reaction with 
the substrate. (Martinez, M. B. et al., 1996; Martinez, M. B. et 
al., 2001; Hung, S.-C. and Liao, J. C., 1996). Cell permeabi 
lizing using EDTA (Leduc, M. et al., 1985). 
0269 OP compound degradation rate has been limited by 
OPH intracellularly expressed in whole cells (Elashvili, I. and 
DeFrank, J.J., 1996; Elashvili, I. et al., 1998; Hung, S.-C. and 
Liao, J. C., 1996; Richins, R. et al., 1997). However, it is 
contemplated that a composition of the present invention 
comprising a whole cell particulate material will provide 
protection from diffusion of compounds that may damage a 
biomolecule, while allowing sufficient permeability to allow 
biomolecule function. 
0270. In some embodiments, a processing step comprises 
disrupting a cell. A cell may be disrupted by any method 
known in the art, including, for example, a chemical method, 
a mechanical method, a biological method, or a combination 
thereof. Examples of a chemical cell disruption method 
include Suspension in a solvent for certain cellular compo 
nents. In specific facets. Such a solvent may comprise an 
organic solvent (e.g., acetone), a volatile solvent, or a com 
bination thereof. In a particular facet, a cell be be disrupted by 
acetone (Wild, J. R. et al., 1986; Albizo, J. M. and White, W. 
E., 1986). In certain preferred facets, the cells are disrupted in 
a volatile solvent for ease in evaporation. Examples of a 
mechanical cell disruption method include pressure (e.g., 
processing through a French press), Sonication, mechanical 
shearing, or a combination thereof. An example of a pressure 
cell disruption method includes processing through a French 
press. Examples of a biological cell disruption method 
include contacting the cell with one or more enzymes (e.g., 
lysozyme) that weaken, damage, and/or permeabilize a cell 
membrane, cell wall or combination thereof. Biological 
material comprising a proteinaceous molecule of the present 
invention may be homogenized, sheared, undergo one or 
more freeze thaw cycles, be subjected to enzymatic and/ 
chemical digestion of cellular materials (e.g., cell walls, Sug 
ars, etc), undergo extraction with organic or aqueous solvents, 
etc., to weaken interactions between the proteinaceous mol 
ecule and other cellular materials and/or partly purify the 
proteinaceous molecule. A processing step may comprise 
Sonicating a composition comprising an enzyme. Other dis 
septing and drying will be done by freezedrying with or 
without a cryoprotector (typically a Sugar). 
0271 2. Sterilization 
0272 A processing step may comprise sterilizing an 
enzyme composition of the present invention. Sterilizing kills 
living matter, and may be desirable as continued post expres 
sion growth of a host cell and/or a contaminating organism 
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may detrimentally affect the composition. For example, one 
or more properties of a coating may be undesirably altered by 
the presence of a living organism. Additionally, Sterilizing 
reduces the ability of a living recombinant organism to be 
introduced into the environment, when Such an event is not 
desired. Sterilizing may be accomplished by any method 
known in the art. Examples of sterilizing may include con 
tacting the living matter with a toxin, irradiating the living 
matter, heating the living matter above 100° C., or a combi 
nation thereof. It is preferred that sterilizing comprises irra 
diating the living matter, as radiation generally does not leave 
a toxic residue, and is not contemplated to detrimentally 
affect the enzymes stability Such as that which might occur 
during heating. Examples of radition include infrared (“IR”) 
radiation, ionizing radiation, microwave radiation, ultra-vio 
let (“UV) radiation, particle radiation, or a combination 
thereof. Particle radiation, UV radiation and/or ionizing 
radiation are preferred, and particle radiation is particularly 
preferred. Examples of particle radiation include alpha radia 
tion, electron beam/beta radiation, neutron radiation, proton 
radiation, or a combination thereof. 
0273 3. Concentrating a Biomolecule Composition 
0274. A processing step may comprise concentrating a 
biomolecule composition of the present invention. As used 
herein, "concentrating refers to any process wherein the 
Volume of a composition is reduced. Often, undesired com 
ponents that comprise the excess Volume are removed, the 
desired composition is localized to a reduced Volume, or a 
combination thereof. 
0275 For example, it is contemplated that a concentrating 
step may be used to reduce the amount of a growth and/or 
expression medium component from a composition of the 
present invention. It is contemplated that nutrients, salts and 
other chemicals that comprise a biological growth and/or 
expression medium may be unnecessary and/or unsuitable in 
a composition of the present invention, and reducing the 
amount of Such compounds is preferred. A growth medium 
may promote undesirable microorganism growth in a com 
position of the present invention, while salts or other chemi 
cals may undesirably alter the formulation of a coating. 
0276 Concentrating a biomolecule composition may be 
by any method known in the art, including, for example, 
filtrating, a gravitational force, a gravimetric force, or a com 
bination thereof. An example of a gravitational force is nor 
mal gravity. An example of a gravimetric force is the force 
exerted during centrifugation. Often a gravitational or gravi 
metric force is used to concentrate a composition comprising 
the desired biomolecule from undesired components that are 
retained in the volume of a liquid medium. After cells are 
localized to the bottom of a centrifugation devise, the media 
may be removed via Such techniques as decanting, aspiration, 
etc. 

0277 4. Drying a Biomolecule Composition 
0278. In additional embodiments, the disrupted cells and/ 
or cell debris are dried, ground and/or milled to a powder. In 
specific facets, the cells added to the paint comprise disrupted 
cells, cell debris, and/or powder. The powder may be Prefer 
ably stored at room temperature without need for dessication. 
0279 5. Resuspending Biomolecule Composition 
0280 A purification step may comprise resuspending a 
precipitated composition comprising an enzyme from cell 
debris. 
0281. The invention provides, in certain preferred 
embodiments, a composition comprising a coating and an 
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enzyme prepared by the following steps: obtaining a culture 
of cells that express the enzyme; concentrating the cells and 
removing the culture media; disrupting the cell structure; 
drying the cells; and adding the cells to the coating. In some 
aspects, the composition is prepared by the additional step of 
Suspending the disrupted cells in a solvent prior to adding the 
cells to the coating. 
0282. In certain aspects, the composition is prepared by 
adding the cell culture powder to glycerol, admixing with 
glycerol and/or Suspending in glycerol. In other facets, the 
glycerol is at a concentration of about 50%. In specific facets, 
the cell culture powder comprised in glycerol at a concentra 
tion of about 3 mg of the milled powder to 3 ml of 50% 
glycerol. In certain facets, the composition is prepared by 
adding the powder comprised in glycerol to the paint at a 
concentration of about 3 ml glycerol comprising powder to 
100 ml of paint. The powder may also be added to a liquid 
component such as glycerol prior to addition to the paint. The 
numbers are exemplary only and do not limit the use of the 
invention. The concentration was chosen merely to be com 
patible with the amount of substance that can be added to one 
example of paint without affecting the integrity of the paint 
itself. Any compatible amount may used within the scope of 
the present invention. 
0283 
0284. It is contemplated that in some embodiments, pro 
cessing of an enzyme composition may be conducted at 4°C. 
to 50° C., including all intermediate ranges and combinations 
thereof. In preferred embodiments, a processing step may 
comprise maintaining a composition comprising an enzyme 
at a temperature less than the optimum temperature for the 
activity of a living organism and/or enzyme that may detri 
mentially affect an enzyme of the present invention. Often 
37°C. is the maximum temperature for the processing of a 
eukarotic biomolecule (e.g., an enzyme). Thus temperatures 
less than 37° C. are preferred, temperatures less than 30° C. 
are more preferred, temperatures less than 20° C. even more 
preferred, temperatures less than 10°C. are particularly pre 
ferred, and temperatures of 4°C. more preferred. 
0285 
0286. In other embodiments, a proteinaceous molecule of 
the present invention may be a purified a proteinaceous mol 
ecule. A “purified proteinaceous molecule' as used herein 
refers to any proteinaceous molecule of the present invention 
removed in any degree from other extraneous materials (e.g., 
cellular material, nutrient or culture medium used in growth 
and/or expression, etc). In certain aspects, removal of other 
extraneous material may produce a purified proteinaceous 
molecule of the present invention wherein its concentration 
has been enhanced 2- to 10,000-fold or more, including all 
intermediate ranges and combinations thereof, from its origi 
nal concentration in a material (e.g., a recombinant cell, a 
nutrient or culture medium, etc). In other embodiments, a 
purified proteinaceous molecule of the present invention may 
comprise 0.001% to 100%, including all intermediate ranges 
and combinations thereof of a composition comprising a pro 
teinaceous molecule of the present invention. The degree or 
fold of purification may be determined using any method 
known to those of skill in the art or described herein. For 
example, it is contemplated that techniques such as measur 
ing specific activity of a fraction by an assay described herein, 
relative to the specific activity of the source material, or 
fraction at an earlier step in purification, may be used. 

6. Temperatures 

7. Other Processing Steps 
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0287 Techniques for preparation of a proteinaceous mol 
ecule of the present invention are described herein. However, 
it is contemplated that one or more additional methods for 
purification of biologically produced molecule(s) that are 
known in the art or described herein may be applied to obtain 
a purified proteinaceous molecule of the present invention 
AZZoni, A. R. et al., 2002: In “Current Protocols in Molecu 
lar Biology” (Chanda, V. B. Ed.) John Wiley & Sons, 2002: In 
“Current Protocols in Nucleic Acid Chemistry' (Harkins, E. 
W. Ed.) John Wiley & Sons, 2002: In “Current Protocols in 
Protein Science” (Taylor, G. Ed.) John Wiley & Sons, 2002: 
In “Current Protocols in Cell Biology' (Morgan, K. Ed.) John 
Wiley & Sons, 2002: In "Current Protocols in Pharmacology” 
(Taylor, G. Ed.) John Wiley & Sons, 2002: In “Current Pro 
tocols in Cytometry” (Robinson, J. P. Ed.) John Wiley & 
Sons, 2002: In "Current Protocols in Immunology' (Coico, 
R. Ed.) John Wiley & Sons, 2002. A biological material 
comprising a proteinaceous molecule of the present invention 
may be homogenized, sheared, undergo one or more freeze 
thaw cycles, be subjected to enzymatic and/chemical diges 
tion of cellular materials (e.g., cell walls, Sugars, etc), 
undergo extraction with organic or aqueous solvents, etc., to 
weaken interactions between the proteinaceous molecule and 
other cellular materials and/or partly purify the proteinaceous 
molecule. A processing step may comprise Sonicating a com 
position comprising an enzyme. 
0288 Cellular materials may be further fractionated to 
separate a proteinaceous molecule of the present invention 
from other cellular components using chromatographic e.g., 
affinity chromatography (e.g., antibody affinity chromatog 
raphy, lectin affinity chromatography), fast protein liquid 
chromatography, high performance liquid chromatography 
“HPLC), ion-exchange chromatography, exclusion chroma 
tography; or electrophoretic (e.g., polyacrylamide gel elec 
trophoresis, isoelectric focusing) methods. It is contemplated 
that a proteinaceous molecule of the present invention may be 
precipitated using antibodies, salts, heat denaturation, cen 
trifugation and the like. A purification step may comprise 
dialyzing a composition comprising an enzyme from cell 
debris. 
0289 For example, the molecular weight of a proteina 
ceous molecule can be calculated when the sequence is 
known, or estimated when the approximate sequence and/or 
length is known. SDS-PAGE and staining (e.g., Coomassie 
Blue) has been commonly used to determine the success of 
recombinant expression and/or purification of OPH, as 
described (Kolakowski, J. E. et al., 1997: Lai, K. et al., 1994). 
0290. In certain embodiments, an enzyme may be in the 
form of a crystal. In other aspects, one or more enzyme 
crystals may be cross-linked for from an crosslinked enzyme 
crystal (“CLEC) (Hoskin, F. C. G. et al., 1999). 

G. Coatings 
0291. In preferred embodiments, a coating comprises a 
biomolecule composition of the present invention. A coating 
("coat,” “surface coat,” “surface coating) is “a liquid, lique 
fiable or mastic composition that is converted to a Solid pro 
tective, decorative, or functional adherent film after applica 
tion as a thin layer” (“Paint and Coating Testing Manual, 
Fourteenth Edition of the Gardner-Sward Handbook' 
(Koleske, J. V. Ed.), p. 696, 1995; and in “ASTM Book of 
Standards, Volume 06.01, Paint Tests for Chemical, Physi 
cal, and Optical Properties: Appearance. D16-00, 2002). 
Additionally, a thin layer is 5um to 1500 um thick, including 
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all intermediate ranges and combinations thereof. However, 
in most embodiments, it is contemplated that a coating will 
form a thin layer 15um to 150 um thick, including all inter 
mediate ranges and combinations thereof. Examples of a 
coating of the present invention include a clear coating or a 
paint. 
0292 A surface is the outer layer of any solid object. As 
would be known to those of ordinary skill in the art, the term 
“Substrate in the context of a coating, is synonymous with 
the term "surface.” However, as “substrate' has a different 
meaning to those of skill in arts of enzymology and coatings, 
the term “surface' will be preferentially used herein for clar 
ity. A Surface wherein a coating has been applied, whether or 
not film formation has occurred, is known herein as a "coated 
surface.” 

0293 As is known to those of ordinary skill in the art, a 
coating generally comprises one or more materials that con 
tribute to the properties of the coating, the ability of a coating 
to be applied to a surface, the ability of the coating to undergo 
film formation, and/or the properties of the produced film. 
Examples of Such coating components include a binder, a 
liquid component, a colorizing agent, an additive, or a com 
bination thereof, and Such materials are contemplated for 
used in a coating of the present invention. A coating typically 
comprises a material often referred to as a “binder which is 
the primary material in a coating capable of film formation. 
Often the binder is the coating component that dominates 
conferring a physical and/or chemical property to a coating 
and/or film. Examples of properties of a binder typically 
affects include chemical reactivity, minimum film formation 
temperature, minimum T Volume fraction solids, a rheologi 
cal property (e.g., viscosity), film moisture resistance, film 
UV resistance, film heat resistance, film weathering resis 
tance, adherence, film hardness, film flexibility, or a combi 
nation thereof. Consequently, different categories of coatings 
may be identified herein by the binder used in the coating. For 
example, a binder may be an oil, a chlorinated rubber, or an 
acrylic, and examples of a coating comprising Such binders 
include an oil coating, a chlorinated rubber-topcoat, an 
acrylic-lacquer, etc. 
0294. In most embodiments, a coating will comprise a 
liquid component (e.g., a solvent, a diluent, a thinner), which 
often confers and/or alters the coating's rheological proper 
ties (e.g., viscosity) to ease the application of the coating to a 
Surface. In some embodiments, a coating will comprise a 
colorizing agent (e.g., a pigment), which usually functions to 
alter an optical property of a coating and/or film. In certain 
preferred embodiments, a microorganism based particulate 
material of the present invention is a colorizing agent. In 
particularly preferred embodiments, a colorizing agent com 
prising a microorganism based particulate material of the 
present invention is an extender, a pigment, or a combination 
thereof. In other preferred embodiments, a coating comprises 
a colorizing agent that comprises a microorganism based 
particulate material of the present invention. A coating will 
often comprise an additive which is a composition incorpo 
rated into a coating to reduce and/or prevent the development 
of a physical, chemical, and/or aesthetic defect in the coating 
and/or film; confer some addition desired property to a coat 
ing and/or film; or a combination thereof. Examples of an 
additive include an accelerator, an adhesion promoter, an 
antioxidant, an antiskinning agent, a coalescing agent, a 
defoamer, a dispersant, a drier, an emulsifier, a fire retardant, 
a flow control agent, a gloss aid, a leveling agent, a marproof 
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ing agent, a slip agent, a thickener, a UV stabilizer, a viscosity 
control agent, a wetting agent, or a combination thereof. In 
certain preferred embodiments, a microorganism based par 
ticulate material of the present invention is an additive. In 
particularly preferred embodiments, an additive comprising a 
microorganism based particulate material of the present 
invention comprises a viscosity control agent, a dispersant, or 
a combination thereof. In other preferred embodiments, a 
coating comprises an additive that comprises a microorgan 
ism based particulate material of the present invention. A 
contaminant is a material that is unintentionally added to a 
coating, and may be volatile and/or non-volatile component 
of a coating and/or film. As would be known to those of 
ordinary skill in the art, a coating component may be catego 
rized as possessing more than one defining characteristic, and 
thereby simultaneously functioning in a coating composition 
as a combination of a binder, a liquid component, a colorizing 
agent, and/or additive. Different coating compositions are 
described herein as examples of coatings with varying sets of 
properties. 
0295. In certain embodiments, a coating may be stored in 
a container ("pot') prior to application. In certain aspects, the 
coating is a multi-pack coating which is a coating wherein 
different components are stored in a plurality of containers. 
Typically, this is done to reduce film formation during Storage 
for certain types of coatings. The components are admixed 
prior to and/or during application. However, in certain 
embodiments, it is specifically contemplated that a coating 
comprising a microorganism based particulate material of the 
present invention is a multi-pack coating. In specific aspects, 
the coating is a two-pack coating, three-pack coating, four 
pack coating, five-pack coating, or more wherein the coating 
components are stored in separate containers. In certain 
aspects, 0.001% to 100%, including all intermediate ranges 
and combinations thereof, of the microorganism based par 
ticulate material is stored in a separate container from a coat 
ing component. It is contemplated that separate storage may 
reduce undesirable microorganism growth in the coating 
component, damage to the microorganism-based particulate 
material of the present invention by the coating component, 
increase the storage life (“pot life') of a coating, reduce the 
amount of a preservative in a coating, or a combination 
thereof. In certain facets, it is contemplated that the coating 
components of a container holding the microorganism based 
particulate material of the present invention may further 
include a coating component Such as a preservative, a wetting 
agent, a dispersing agent, a liquid component, a rheological 
modifier, or a combination thereof. It is contemplated that a 
preservative may reduce undesirable growth of a microorgan 
ism, whether the microorganism is derived from the micro 
organism based particulate material of the present invention 
or a contaminating microorganism. It is contemplated that a 
Wetting agent, a dispersing agent, a liquid component, a rheo 
logical modifier, or a combination thereof, may promote ease 
of admixing of coating components in a multi-pack coating. 
In certain aspects, a three-pack coating or four-pack coating 
may be used, wherein the first container and the second con 
tainer contain coating components separated to reduced film 
formation during storage, and a third container comprises 
0.001% to 100%, including all intermediate ranges and com 
binations thereof, of the microorganism based particulate 
material. In certain facets, a multi-pack coating may be used 
to separate two or more preparations of the microorganism 
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based particulate material of the present invention Such as to 
reduce damage by different species of microorganisms to 
each other during storage. 
0296. A coating may be applied to a surface using any 
technique known in the art. A in the context of a coating, 
“application.” “apply,” or “applying is the process of trans 
ferring of a coating to a surface to produce a layer of coating 
upon the Surface. As known herein, an “applicator” is a devise 
that is used to apply the coating to a surface. Examples of an 
applicator include a brush, a roller, a pad, a rag, a spray 
applicator, etc. Application techniques that are contemplated 
as suitable for a user of the present invention of little or no 
particular skill include, for example, dipping, pouring, 
siphoning, brushing, rolling, padding, ragging, spraying, etc. 
Certain types of coatings may be applied using techniques 
contemplated as more suitable for a skilled artisan Such as 
anodizing, electroplating, and/or laminating of a polymer 
film onto a Surface. 

In certain embodiments, the layer of coating under 0297 
goes film formation (“curing.” “cure'), which is the physical 
and/or chemical change of a coating to a solid that is a pre 
ferred solid when in the form of a layer upon the surface. In 
certain aspects, a coating may be prepared, applied and cured 
at an ambient condition, a baking condition, or a combination 
thereof. Anambient condition is a temperature range between 
-10° C. to 40° C., including all intermediate ranges and 
combinations thereof. As used herein, a “baking condition” or 
“baking is contacting a coating with a temperature above 40° 
C. and/or raising the temperature of a coating above 40°C., 
typically to promote film formation. Examples of baking the 
coating include contacting a coating and/or raising the tem 
perature of coating to 40°C. to 300° C., or more, including all 
intermediate ranges and combinations thereof. Various coat 
ings described herein or as would be known to one of ordinary 
skill in the art may be applied and/or cured at ambient con 
ditions, baking conditions, or a combination thereof. 
0298. It is contemplated that in general embodiments, a 
coating comprising a microorganism based particulate mate 
rial of the present invention may be prepared, applied and 
cured at any temperature range described herein or would be 
known to one of ordinary skill in the art in light of the present 
disclosures. An example of such a temperature range is -100° 
C. to 300°C., or more, including all intermediate ranges and 
combinations thereof. However, a microorganism based par 
ticulate material may further comprise a desired biomolecule 
(e.g., a colorant, an enzyme), whether endogenously or 
recombinantly produced, that may have a reduced tolerance 
to temperature. It is contemplated that the preferred tempera 
ture that can be tolerated by a biomolecule will vary depend 
ing on the specific biomolecule used in a coating, and will 
generally be within the range oftemperatures tolerated by the 
living organism from which the biomolecule was derived. For 
example, it is preferred for a coating comprising a microor 
ganism based particulate material of the present invention, 
wherein the microorganism based material comprises an 
desired enzyme, that the coating is prepared, applied and 
cured at -100° C. to 110° C., including all intermediate 
ranges and combinations thereof. For example, it is contem 
plated that a temperature of -100° C. to 40°C. including all 
intermediate ranges and combinations thereof, will be Suit 
able for many enzymes (e.g., a wild-type sequence and/or a 
functional equivalent) derived from an eukaryote, while tem 
peratures up to, for example -100° C. to 50° C. including all 
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intermediate ranges and combinations thereof, may be toler 
ated by enzymes derived from many prokaryotes. 
0299 The type of film formation that a coating may 
undergo depends upon the coating components. A coating 
may comprise, for example, Volatile coating components, 
non-volatile coating components, or a combination thereof. 
In certain aspects, the physical process of film formation 
comprises loss of 1% to 100%, including all intermediate 
ranges and combinations thereof, of a Volatile coating com 
ponent. In general embodiments, a Volatile component is lost 
by evaporation. In certain aspects, loss of a volatile coating 
component during film formation reaction is promoted by 
baking the coating. Examples of volatile coating components 
include a coalescing agent, a solvent, a thinner, a diluent, or a 
combination thereof. A non-volatile component of the coat 
ing remains upon the Surface. In specific aspects, the non 
volatile component forms a film. Examples of non-volatile 
coating components include a binder, a colorizing agent, a 
plasticizer, a coating additive, or a combination thereof. In 
specific aspects, a coating component may undergo a chemi 
cal change to form a film. In general embodiments, a binder 
undergoes a cross-linking (e.g., polymerization) reaction to 
produce a film. In general embodiments, a chemical film 
formation reaction occurs spontaneously under ambient con 
ditions. In other aspects, a chemical film formation reaction is 
promoted by irradiating the coating, heating the coat, or a 
combination thereof. In some embodiments, irradiating the 
coating comprises exposing the coating to electromagnetic 
radiation, particle radiation, or a combination thereof. 
Examples of electromagnetic radiation used to irradiate a 
coating include UV radiation, infrared radiation, or a combi 
nation thereof. Examples of particle radiation used to irradi 
ate a coating include electron-beam radiation. Often irradiat 
ing the coating induces an oxidative and/or free radical 
chemical reaction that cross-links of one or more coating 
components. 
0300. However, in some alternate embodiments, it is con 
templated that a coating undergoes a reduced amount of film 
formation than Such a solid film is not produced, or does not 
undergo film formation to a measurable extent during the 
period of time it is used on a Surface. Such a coating is referred 
to herein as a “non-film forming coating. Such a non-film 
forming coating may be prepared, for example, by increasing 
the non-volatile component in a thermoplastic coating (e.g., 
increasing plasticizer content in a liquid component), reduc 
ing the amount of a coating component that contributes to the 
film formation chemical reaction (e.g., a binder, a catalyst), 
reducing the contact with an external a curing agent (e.g., 
radiation, baking), selection of a non-film formation binder 
produced from components that lack crosslinking moieties, 
selection of a non-film formation binder that lack sufficient 
size to undergo thermoplastic film formation, or a combina 
tion thereof. As used herein, a “non-film formation binder 
refers to a molecule that is chemically similar to a binder, but 
lacks Sufficient size and/or crosslinking moiety to undergo 
film formation. For example, a coating may be prepared by 
selection of an oil-based binder that lacks sufficient double 
bonds to undergo Sufficient crosslinking reactions to produce 
a film. In another example, a non-film formation binder may 
be selected that lacks Sufficient crosslinking moieties such as 
an epoxide, an isocyanate, a hydroxyl, a carboxyl, an amine, 
an amide, a silicon moiety, etc., to produce a film by thermo 
setting. Such a non-film formation binder may be prepared by 
chemical modification of a binder, Such as, for example, a 
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crosslinking reaction with a small molecule (e.g., less than 1 
kDa) that comprises a moiety capable of reaction with a 
binder's crosslinking moiety, to produce a chemically 
blocked binder moiety that is inert to a further crosslinking 
reaction. In another example, athermoplastic binder typically 
comprises a molecule 29 kDa to 1000 kDa or more in size. 
Film formation may be reduced or prevented by selection of 
a like molecule that is too small to effectively undergo ther 
moplastic film formation. An example would be selection of 
a non-film formation binder molecule between 1 kDa to 29 
kDa in molecular weight, including all intermediate ranges 
and combinations thereof. 

0301 In other alternative embodiments, a coating may 
undergo film formation, but produce a film whose properties 
makes it more Suited for a temporary use. Such a temporary 
film will generally possess a poor and/or low rating for a 
property that would confer longevity in use. For example, a 
film with a poor Scrub resistance, a poor solvent resistance, a 
poor water resistance, a poor weathering property (e.g., UV 
resistance), a poor adhesion property, or a combination 
thereof, may be selected as a temporary film. In one aspect, a 
film may have poor adhesion for a Surface, allowing ease of 
removal by Stripping and/or peeling. In another example, a 
film may have a poor resistance to an environmental factor, 
and Subsequently fail (e.g., crack, peel, chalk, etc.) to remain 
a viable film upon the surface. For example, a film that under 
goes chalking is specifically contemplated. Chalking is the 
erosion a coating, typically by degradation of the binder due 
to various environmental forces (e.g., UV irradiation). It is 
contemplated that in Some embodiments, chalking may be 
desirable, to expose remove a contaminant from the Surface of 
a film and/or expose a component of the film (e.g., a biomo 
lecular composition of the present invention) to the Surface of 
the coating. A self-cleaning coating is a film with a desirable 
chalking property. It is further contemplated that in many 
aspects the layer of non-film forming coating, a temporary 
film and/or a self-cleaning film may be removed from a Sur 
face with ease. In such embodiments, a non-film forming 
coating, a temporary film, a self-cleaning film, or a combina 
tion thereof would be more suitable for a temporary use upon 
a Surface, due to the ability to be applied as a layer and easily 
removed when its presence is no longer desired. In these 
embodiments, it is contemplated that the non-film forming 
coating, the temporary film, the self-cleaning film, or a com 
bination thereof, is desired for a use upon a Surface that lasts 
a temporary period of time, such as, for example, 1 to 60 
seconds, 1 to 24 hours, 1 to 7 days, 1 to 10 weeks, 1 to 6 
months, including all intermediate ranges and combinations 
thereof, respectively. 
0302) In some embodiments, a plurality of coating layers, 
known herein as a “multicoat system” (“multicoating sys 
tem'), may be applied upon a Surface. The coating selected 
for use in a specific layer may differ from an additional layer 
of the multicoat system. This selection of coatings with dif 
fering components and/or properties is typically done to 
sequentially confer, in a desired pattern, the properties of 
differing coatings to a coated Surface and/or multicoat sys 
tem. Examples of a coating that may be selected foruse, either 
alone or in a multicoat system, include a sealer, a water 
repellent, a primer, an undercoat, a topcoat, or a combination 
thereof. A sealer is coating applied to a surface to reduce or 
prevent absorption by the Surface of a Subsequent coating 
layer and/or a coating component thereof, and/or to prevent 
damage to the Subsequent coating layer by the Surface. A 
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water repellant is a coating applied to a surface to repel water. 
A primer is a coating that is applied to increase adhesion 
between the Surface and a Subsequent layer. In typical 
embodiments a primer-coating, a sealer-coating, a water 
repellent-coating, or a combination thereof is applied to 
porous Surface. Examples of a porous Surface include dry 
wall, wood, plaster, masonry, damaged and/or degraded film, 
corroded metal, or a combination thereof. In certain aspects, 
the porous Surface is not coated or lacks a film prior to appli 
cation of a primer, sealer, water repellent, or combination 
thereof. An undercoat is a coating applied to Surface to pro 
vide a smooth Surface for a Subsequent coat. A topcoat (“fin 
ish') is a coating applied to a Surface for a protective and/or 
decorative purpose. Of course, a sealer, water repellent, 
primer, undercoat, and/or topcoat may possess additional pro 
tective, decorative, and/or functional properties. Addition 
ally, the Surface a sealer, water repellent, primer, undercoat, 
and/or topcoat are applied to may be a coated Surface Such as 
a coating and/or film of a layer of the a multicoat System. In 
certain embodiments, a multicoat System may comprise any 
combination of a sealer, water repellent, primer, undercoat, 
and/or topcoat. For example, a multicoat System may com 
prise any of the following combinations: a sealer, a primerand 
a topcoat; a primer and topcoat; a water repellent, a primer, 
undercoat, and topcoat; an undercoat and topcoat; a sealer, an 
undercoat, and a topcoat; a sealer and topcoat; a water repel 
lent and topcoat, etc. In particular aspects, a coating layer may 
comprise properties that would be a combination of those 
associated with different coating types such as a sealer, water 
repellent, primer, undercoat, and/or topcoat. In Such 
instances, such a combination coating and/or film is desig 
nated by a backslash / separating the individual coating 
designations encompassed by the layer. Examples of Such a 
coating layer comprising a plurality of functions include a 
sealer/primer coating, a sealer/primer/undercoat coating, a 
sealer/undercoat coating, a primer/undercoat coating, a water 
repellant/primer coating, an undercoat/topcoat coating, a 
primer/topcoat coating, a primer/undercoat/topcoat coating, 
etc. In embodiments wherein the coated Surface comprises a 
particular type of coating, then the coated Surface may be 
known herein by the type of coating Such as a “painted Sur 
face,” a “clear coated surface,” a “lacquered surface,” a “var 
nished surface,” a “water repellant/primered surface.” an 
“primer/undercoat-topcoated Surface.” etc. 
0303. In specific aspects, a multicoat System may com 
prise a plurality of layers of the same type, such as, for 
example, 1 to 10 layers, including all intermediate ranges and 
combinations thereof, of a sealer, water repellent, primer, 
undercoat, topcoat, or any combination thereof. In specific 
facets, a multicoat System comprises a plurality of layers of 
the same coating type, Such as, for example, 1 to 10 layers, 
including all intermediate ranges and combinations thereof, 
of a sealer, water repellent, primer, undercoat, or topcoat. In 
embodiment where a coating does not comprise a multicoat 
system, but a single layer of coating applied to a Surface. Such 
a layer, regardless of typical function in a multicoat System, is 
regarded herein as a topcoat. 
0304. 1. Paints 
0305. A paint is a “pigmented liquid, liquefiable or mastic 
composition designed for application to a substrate in a thin 
layer which is converted to an opaque solid film after appli 
cation. Used for protection, decoration or identification, or to 
serve some functional purpose Such as the filling or conceal 
ing of surface irregularities, the modification of light and heat 
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99 radiation characteristics, etc.” “Paint and Coating Testing 
Manual, Fourteenth Edition of the Gardner-Sward Hand 
book” (Koleske, J. V. Ed.), p. 696, 1995). However, as certain 
coatings disclosed herein are non-film forming coatings, this 
definition is modified herein to encompass a coating with the 
same properties of a film forming paint, with the exception 
that it does not produce a solid film. In particular embodi 
ments, a non-film forming paint possesses a hiding power 
Sufficient to concealing Surface feature comparable to an 
opaque film. 
0306 Hiding power is the ability of a coating and/or film 
to prevent light from being reflected from a Surface, particu 
larly to convey the surface's visual pattern. Opacity is the 
hiding power of a film. An example of hiding power would be 
the ability of a paint-coating to visually block the appearance 
of grain and color of a wooden Surface, as opposed to a clear 
varnish-coating allowing the relatively unobstructed appear 
ance of wood to pass through the coating. Standard tech 
niques for determining the hiding power of a coating and/or 
film (e.g., paint, a powder coating) are described, for 
example, in ASTM Book of Standards, Volume 06.01, 
Paint Tests for Chemical, Physical, and Optical Properties: 
Appearance.” E284-02b, D344-97, D2805-96a, D2745-00 
and D6762-02a 2002: ASTM Book of Standards, Volume 
06.02, Paint Products and Applications; Protective Coat 
ings; Pipeline Coatings.” D5007-99, D5150-92 and D6441 
99, 2002; and “Paint and Coating Testing Manual, Fourteenth 
Edition of the Gardner-Sward Handbook” (Koleske, J. V. 
Ed.), pp. 481-506, 1995. 
0307 2. Clear-Coatings 
0308 A clear-coating is a coating that is not opaque and/or 
does not produce an opaque Solid film after application. A 
clear-coating and/or film may be transparent or semi-trans 
parent (e.g., translucent). A clear-coating may be colored or 
non-colored. In certain embodiments, reducing the content of 
a pigment in a paint composition may produce a clear-coat 
ing. Additionally, a clear-coating may comprise a lacquer, a 
varnish, a shellac, a stain, a water repellent coating, or a 
combination thereof. Though some opaque coatings are 
referred to in the art as a lacquer, a varnish, a shellac, or a 
water repellent coating, all Such opaque coatings are consid 
ered as paints herein (e.g., a lacquer-paint, a varnish-paint, a 
shellac-paint, a water repellent paint). 
0309 a. Varnishes 
0310 A varnish is a thermosetting coating that converts to 
a transparent or translucent solid film after application. In 
general embodiments, a varnish is a wood-coating. A varnish 
comprises an oil and a dissolved binder. In general embodi 
ments, the oil comprises a drying oil, wherein the drying oil 
functions as an additional binder. In other embodiments, the 
binder is solid at room temperature prior to dissolving into the 
oil and/or an additional liquid component of the varnish. 
Examples of a dissolvable binder include resins obtained 
from a natural Source (e.g., a Congo resin, a copal resin, a 
damar resin, a kauri resin), a synthetic resin, or a combination 
thereof. In specific aspects, the additional liquid component 
comprises a solvent such as a hydrocarbon solvent. In some 
facets, the solvent is added to reduce viscosity of the varnish. 
A varnish may further comprise a coloring agent, including a 
pigment, for Such purposes as conferring or altering a color, 
gloss, sheen, or a combination thereof. A varnish undergoes 
thermosetting film formation by oxidative cross-linking. In 
certain aspects, a varnish may additionally undergo film 
formation by evaporation of a volatile component. The dis 
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solved binder generally functions to shorten the time to film 
formation relative to certain measures (e.g., dryness, 
hardness), though the final cross-linking reaction time may 
not be significantly or measurably shortened. Standards for 
determining a varnish-coating and/or film's properties are 
described in, for example, ASTM Book of Standards, Vol 
ume 06.03, Paint Pigments, Drying Oils, Polymers, Resins, 
Naval Stores, Cellulosic Esters, and Ink Vehicles, D154-85, 
2002. 
0311 b. Lacquers 
0312. A lacquer is a thermoplastic, Solvent-borne coating 
that converts to a transparent or translucent solid film after 
application. In general embodiments, a lacquer is a wood 
coating. A lacquer-coating comprises a thermoplastic binder 
dissolved in a liquid component comprising an active solvent. 
Examples of a thermoplastic binder include a cellulosic 
binder (e.g., nitrocellulose, cellulose acetate), a synthetic 
resin (e.g., an acrylic), or a combination thereof. In certain 
aspects, a liquid component comprises an active solvent, a 
latent solvent, diluent, a thinner, or a combination thereof. In 
certain embodiments, a lacquer is nonaqueous dispersion 
(“NAD') lacquer, wherein the content of solvent is not suffi 
cient to fully dissolve the thermoplastic binder. In certain 
aspects, a lacquer may comprise an additional binder (e.g., an 
alkyd), a colorant, a plasticizer, or a combination thereof. 
Film formation of a lacquer occurs by loss of the volatile 
components, typically through evaporation. 
0313 Standards for a lacquer-coating and/or film's com 
position (e.g., a lacquer, a pigmented-lacquer, a nitrocellulose 
lacquer, a nitrocellulose-alkyd lacquer), physical and/or 
chemical properties (e.g., heat and cold resistance, hardness, 
film-formation time, stain resistance, particulate material dis 
persion), and procedures for testing a lacquer’s composition/ 
properties, are described in, for example, in ASTM Book of 
Standards, Volume 06.02, Paint Products and Applications: 
Protective Coatings; Pipeline Coatings.” D333-01, D2337 
01, D3133-01, D365-01, D2091-96, D2198-02, D2199-82, 
D2571-95 and D2338-02, 2002. 
0314 c. Shellacs 
0315. A shellac is similar to a lacquer, but the binder does 
not comprise a nitrocellulose binder, and the binder is soluble 
in alcohol, and the binder is obtained from a natural source. A 
preferred binder comprises Lacifer laccabeetle secretion. In 
general embodiments, a shellac comprises a liquid compo 
nent (e.g., alcohol). In specific aspects, the additional liquid 
component comprises a solvent. In some facets, the liquid 
component is added to reduce viscosity of the varnish. In 
other embodiments, a shellac undergoes rapid film formation. 
Standards for a shellac-coating and/or film's composition and 
properties are described in, for example, ASTM Book of 
Standards, Volume 06.03, Paint Pigments, Drying Oils, 
Polymers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles. D29-98 and D360-89, 2002. 
0316 d. Stains 
0317. A stain a clear or semitransparent coating formu 
lated to change the color of surface. In general embodiments, 
a stain is a wood-coating designed to color or protect a wood 
Surface but not conceal the grain pattern or texture. A stain 
comprises a binder Such as an oil, an alkyd, or a combination 
thereof. Often a stain comprises a low solid content. A low 
solids content for a wood stain is less than 20% volume of 
solids. The low solid content of a stain promotes the ability of 
the coating to penetrate the material of the wooden Surface. 
This property is often used to, for example, to promote the 
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incorporation of a fungicide that may be comprised within the 
stain into the wood. In certain alternative aspects, a stain 
comprises a high Solids content stain, wherein the Solid con 
tent is 20% or greater, may be used on a surface to produce a 
film possessing the property of little or no flaking. In other 
alternative aspects, a water-borne stain may be used such as a 
stain comprising a water-borne alkyd. A stain typically fur 
ther comprises a liquid component (e.g., a solvent), a fungi 
cide, a pigment, or a combination thereof. In other aspects, a 
stain comprises a water repellent hydrophobic compound so 
it functions as a water repellent-coating ('stain/water repel 
lent-coating'). Examples of a water repellent hydrophobic 
compound a stain may comprise include a silicone oil, a wax, 
or a combination thereof. Examples of a fungicide include a 
copper soap, a Zinc soap, or a combination thereof. Examples 
of a pigment include a pigment that is similar in color to 
wood. Examples of Such pigments include a red pigment 
(e.g., a red iron oxide) a yellow pigment (e.g., a yellow iron 
oxide), or a combination thereof. Standards procedures for 
testing a stain's (e.g., an exterior stain) properties, are 
described in, for example, in ASTM Book of Standards, 
Volume 06.02, Paint Products and Applications: Protective 
Coatings; Pipeline Coatings.” D6763-02, 2002. 
0318 e. Water Repellent-Coatings 
0319. A water repellent-coating is a coating that com 
prises hydrophobic compounds that repel water. A water 
repellent-coating is typically applied to a surface Susceptible 
to water damage. Such as metal, masonry, wood, or a combi 
nation thereof. A water repellent-coating typically comprises 
a hydrophobic compound and a liquid component. 
0320 In specific embodiments, a water repellent-coating 
comprises 1% to 65% hydrophobic compound, including all 
intermediate ranges and combinations thereof. Examples of a 
hydrophobic compound that may be selected include an 
acrylic, a siliconate, a metal-searate, a silane, a siloxane, a 
parafinnic wax, or a combination thereof. A water repellent 
may be a water-borne coating, or a solvent-borne coating. A 
Solvent-borne water repellent-coating typically comprises a 
solvent that dissolves the hydrophobic compound. Examples 
of Solvents include an aliphatic, an aromatic, a chlorinated 
Solvent, or a combination thereof. 
0321. In certain embodiments, a water repellent-coating, 
undergoes film formation, penetrates pores, or a combination 
thereof. In certain aspects, an acrylic-coating, a silicone-coat 
ing, or a combination thereof, undergoes film formation. In 
other aspects, a metal-searate, a silane, a siloxane, a 
parafinnic wax, or a combination thereof, penetrates pores in 
a Surface. In some facets, a water repellent-coating (e.g., a 
silane, a siloxane) covalently bonds to a Surface and/or pore 
(e.g., masonry). Standards for a water repellent-coating and/ 
or film's composition and properties are described in, for 
example, ASTM Book of Standards, Volume 06.02, Paint— 
Products and Applications; Protective Coatings; Pipeline 
Coatings.” D2921-98, 2002; and in “Paint and Coating Test 
ing Manual, Fourteenth Edition of the Gardner-Sward Hand 
book.” (Koleske, J. V. Ed.), pp. 748-750, 1995. Alternatively, 
standards for a sealer-coating (e.g., a floor sealer) and/or 
film's composition and properties are described in, for 
example, ASTM Book of Standards, Volume 06.02, Paint— 
Products and Applications; Protective Coatings; Pipeline 
Coatings.” D1546-96, 2002: 
0322. 3. Coating Categories by Use 
0323. In light of the present disclosures, one of ordinary 
skill in the art may prepare and apply a coating of the present 

39 
Sep. 30, 2010 

invention to any surface. However, it is preferred that the 
coating components and methods described herein are 
selected for a particular application to provide a coating and/ 
or film with properties best suited for a particular use. For 
example, a coating used in an external environment would 
preferably comprise a coating component of Superior UV 
resistance than a coating used in interior environment. In 
another example, a film used upon a surface of a washing 
machine would preferably comprise a component that con 
fers Superior moisture resistance than a component of a film 
for use upon a ceiling Surface. In a further example, a coating 
applied to the Surface of an assembly line manufactured prod 
uct would preferably comprise components suitable for appli 
cation by a spray applicator. Various properties of coating 
components are described herein to provide guidance to the 
selection of specific coating compositions with a Suitable set 
of properties for a particular use. 
0324. A coating of the present invention may be classified 
by its preferred end use, including, for example, as an archi 
tectural coating, an industrial coating, a specification coating, 
or a combination thereof. An architectural coating is “an 
organic coating intended for on-site application to interior or 
exterior Surfaces of residential, commercial, institutional, or 
industrial buildings, in contrast to industrial coatings. They 
are protective and decorative finishes applied at ambient con 
ditions’ “Paint and Coating Testing Manual, Fourteenth Edi 
tion of the Gardner-Sward Handbook” (Koleske, J. V. Ed.), p. 
686, 1995) An industrial coating is a coating applied in a 
factory setting, typically for a protective and/or aesthetic 
purpose. A specification coating ('specification finish coat 
ing’) is a coating formulated to a “precise statement of a set of 
requirements to be satisfied by a material, produce, system, or 
service that indicates the procedures for determining whether 
each of the requirements are satisfied” “Paint and Coating 
Testing Manual, Fourteenth Edition of the Gardner-Sward 
Handbook” (Koleske, J. V. Ed.), p. 891, 1995). Often, a coat 
ing may be categorized as a combination of an architectural 
coating, an industrial coating, and/or a specification coating. 
For example, a coating for the metal Surfaces of ships may be 
classified as specification coating, as specific criteria of water 
resistance and corrosion resistance are required in the film, 
but typically such a coating can be classified as an industrial 
coating, since it would typically be applied in a factory. Vari 
ous examples of anarchitectural coating, an industrial coating 
and/or a specification coating and coating components are 
described herein. Additionally, architectural coatings, indus 
trial coatings, specification coatings are known to those of 
ordinary skill in the art, and are described, for example, in 
“Paint and Surface Coatings: Theory and Practice” 2'' Edi 
tion, pp. 190-192, 1999; in “Paints, Coatings and Solvents' 
2" Edition, pp. 330-410, 1998; in “Organic Coatings: Sci 
ence and Technology, Volume 1: Film Formation, Compo 
nents, and Appearance 2" Edition, pp. 138 and 317–318. 
0325 a. Architectural Coatings 
0326. An architectural coating (“trade sale coating.” 
“building coating.” “decorative coating.” “house coating) is 
a coating Suitable to coat Surface materials commonly found 
as part of buildings and/or associated objects (e.g., furniture). 
Examples of a surface an architectural coating is typically 
applied to include, a plaster Surface, a wood Surface, a metal 
Surface, a composite particle board Surface, a plastic Surface, 
a coated Surface (e.g., a painted Surface), a masonry Surface, 
a floor, a wall, a ceiling, a roof, or a combination thereof. 
Additionally, an architectural coating may be applied to an 
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interior Surface, an exterior Surface, or a combination thereof. 
An interior coating generally possesses properties such as 
minimal odor (e.g., no odor, very low VOC), good blocking 
resistance, print resistance, good washability (e.g., wet abra 
sion resistance), or a combination thereof. An exterior coating 
typically is selected to possess good weathering properties. 
Examples of coating type commonly used as an architectural 
coating include an acrylic-coating, an alkyd-coating, a vinyl 
coating, a urethane-coating, or a combination thereof. In cer 
tain aspects, a urethane-coating is applied to a piece of furni 
ture. In other facets, an epoxy-coating, a urethane-coating, or 
a combination thereof, is applied to a floor. In some embodi 
ments, an architectural coating is a multicoat system. In cer 
tain aspects, an architectural coating is a high performance 
architectural coating (“HIPAC). A HIPAC is architectural 
coatings that produce a film with a combination of good 
abrasion resistance, staining resistance, chemical resistance, 
detergent resistance, and mildew resistance. Examples of 
binders suitable for producing a HIPAC include a two-pack 
epoxide or urethane, or a moisture cured urethane. In general 
embodiments, an architectural coating comprises a liquid 
component, an additive, or a combination thereof. In certain 
aspects, an architectural coating is a water-borne coating or a 
Solvent-borne coating. In other aspects, an architectural coat 
ing comprises a pigment. In preferred aspects, such an archi 
tectural coating is formulated to comprise a reduced amount 
or lack a toxic coating component. Examples of a toxic coat 
ing component include a heavy metal (e.g., lead), formalde 
hyde, a nonyl phenol ethoxylate surfactant, a crystalline sili 
cate, or a combination thereof. 
0327. In certain embodiments, a water-borne coating has a 
density of 1.20 kg/L to 1.50 kg/L, including all intermediate 
ranges and combinations thereof. In other embodiments, a 
Solvent-borne coating has a density of 0.90 kg/L to 1.2 kg/L. 
including all intermediate ranges and combinations thereof. 
The density of a coating can be empirically determined, for 
example, as described in ASTM Book of Standards, Volume 
06.01, Paint Tests for Chemical, Physical, and Optical 
Properties: Appearance.” D1475-98, 2002. In certain 
embodiments, the course particle content of an architectural 
coating, by weight, is 0.5% or less. The coarse particle (e.g., 
coarse contaminants, pigment agglomerates) content of a 
coating can be empirically determined, for example, as 
described in “ASTM Book of Standards, Volume 06.03, 
Paint Pigments, Drying Oils, Polymers, Resins, Naval 
Stores, Cellulosic Esters, and Ink Vehicles, D185-84, 2002. 
In some embodiments, the Viscosity for an architectural coat 
ing at relatively low shear rates used during typical applica 
tion, in Krebs Units (“Ku’), is 72 Ku to 95 Ku, including all 
intermediate ranges and combinations thereof. 
0328. In typical use, an architectural coating is often 
stored in a container for months or even years prior to first use, 
and/or between different uses. In many embodiments, it will 
be preferred that a building coating will retain a desirable set 
properties of a coating, film formation, film, or a combination 
thereof, for a period of 12 months or greater in a container at 
ambient conditions. Properties that are preferred for storage 
include settling resistance, skinning resistance, coagulation 
resistance, viscosity alteration resistance, or a combination 
thereof. Storage properties can be empirically determined for 
a coating (e.g., an architectural coating) as described, for 
example, in ASTM Book of Standards, Volume 06.02, 
Paint Products and Applications; Protective Coatings: 
Pipeline Coatings.” D869-85 and D1849-95, 2002. 
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0329. It is preferred that application and/or film formation 
of an architectural coating occurs at ambient conditions to 
provide ease of use to a casual user of the coating, as well as 
reduce potential damage to the target Surface and the Sur 
rounding environment (e.g., unprotected people and objects). 
In general embodiments, it is preferred that an architectural 
coating does not undergo film formation by a temperature 
greater than 40°C. to reduce possible heat and fire damage. In 
other embodiments, it is preferred that an architectural coat 
ing is suitable to be applied by using hand-held applicator. 
Hand-held applicators are generally can be used without dif 
ficulty by most users of a coating, and examples include a 
brush, a roller, a sprayer (e.g., a spray can), or a combination 
thereof. 
0330 Specific procedures for determining the suitability 
of a coating and/or film for use as an architectural coating 
(e.g., a water-borne coating, a solvent-borne coating, an inte 
rior coating, an exterior paint, a latex paint), and specific 
assays for properties typically desired in an architectural 
coating (e.g., blocking resistance, hiding power, print resis 
tance, washability, weatherability, corrosion resistance) have 
been described, for example, in ASTM Book of Standards, 
Volume 06.02, Paint Products and Applications; Protective 
Coatings; Pipeline Coatings.” D5324-98, D5146-98, D3730 
98, D1848-88, D5150-92, D2O64-91, D4946-89, D6583-00, 
D3258-00, and D3450-00, 2002: ASTM Book of Standards, 
Volume 06.01, Paint Tests for Chemical, Physical, and 
Optical Properties: Appearance.” D660-93, D4214-98, 
D772-86, D662-93, and D661-93, 2002; and in “Paint and 
Coating Testing Manual, Fourteenth Edition of the Gardner 
Sward Handbook” (Koleske, J. V. Ed.), pp. 696-705, 1995. 
0331 (1) Wood Coatings 
0332. As is well known to those of ordinary skill in the art, 
a wood coating is often selected to protect the wood from 
damage, as well as aesthetic purposes. For example, wood is 
Susceptible to damage from bacteria and fungi. Examples of 
fungi that damage wood include Aureobasidium pullulans, 
and Ascomycotina, Deutermycotina, Basidiomycetes, Conio 
phoraputeana, Serpula lactymans, and Dacrymyces stillatus. 
It is preferred that a wooden Surface is impregnated with a 
preservative such as a fungicide, prior to application of a 
coating of the present invention. However, most wood that is 
contemplated as a Surface for a coating of the present inven 
tion is provided this way from wood suppliers. Specific pro 
cedures for determining the presence of a preservative and/or 
water repellent in wood have been described, for example, in 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
D2921-98, 2002. 
0333 Typically, wood surfaces are coated with a paint, a 
varnish, a stain, or a combination thereof. Often, the choice of 
coating is based on the ability of a coating to protect the wood 
from damage by moisture. Generally, a paint, a varnish, and a 
stain generally have progressively greater permeability to 
moisture, and moisture penetration of a wooden Surface can 
which can lead to undesirable alterations in wood structure 
(e.g., splitting); undesirable alteration in piece of wood's 
dimension (“dimensional movement”) such as shrinking, 
Swelling, and/or warping; promote the growth of a microor 
ganism Such as fungi (e.g., wet rot, dry rot); or a combination 
thereof. Additionally, UV light irradiation damages a wood 
Surface by depolymerizing lignincomprised in the wood. It is 
preferred that in embodiments wherein a wood surface is 
irradiated by UV light (e.g., Sunlight), the wood coating com 
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prises a UV protective agent such as a pigment that absorbs 
UV light. An example of a UV absorbing pigment includes a 
transparent iron oxide. 
0334. A preferred paint for use on a wood surface com 
prises an oil-paint, an alkyd-paint, or a combination thereof. 
A preferred alkyd-paint for use on a wood Surface comprises 
a solvent-borne paint. A preferred paint system comprises a 
combination of a primer, an undercoat, and a topcoat. A film 
produced by a paint is often moisture impermeable. A film 
produced by paint upon a wooden Surface may crack, flake, 
trap moisture that can encourage wood decay, be expensive to 
repair, or a combination thereof. 
0335 (2) Masonry Coatings 
0336 Masonry coatings refer to coatings used on a 
masonry Surface, such as, for example, Stone, brick, tile, 
cement-based materials (e.g., concrete, mortar), or a combi 
nation thereof. In general embodiments, a masonry coating is 
selected to confer resistance to water (e.g., Salt water), resis 
tance to acid conditions, alteration of appearance (e.g., color, 
brightness), or a combination thereof. Typically, a masonry 
coating comprises a multicoat System. In specific embodi 
ments, a masonry multicoat system comprises a primer, a 
topcoat, or a combination thereof. Examples of a masonry 
primer include a rubber primer (e.g., a styrene-butadiene 
copolymer primer). In certain embodiments, a topcoat com 
prises a water-borne coating or a solvent borne coating. 
Examples of a water-borne coating that may be selected for a 
masonry topcoat include a latex coating, a water reducible 
polyvinyl acetate-coating, or a combination thereof. In cer 
tain aspects, a solvent-borne topcoat comprises a thermoplas 
tic coating, athermosetting coating, or a combination thereof. 
Examples of a thermosetting coating include an oil, an alkyd, 
a urethane, an epoxy, or a combination thereof. In certain 
aspects, athermosetting coating is a multi-pack coating. Such 
as, for example, an epoxy, a urethane, or a combination 
thereof. In specific aspects, a thermosetting coating under 
goes film formation at ambient conditions. In other aspects, a 
thermosetting coating undergoes film formation at film for 
mation at an elevated temperature Such as a baking alkyd, a 
baking acrylic, a baking urethane, or a combination thereof. 
Examples of a thermoplastic coating include an acrylic, cel 
lulosic, a rubber-derivative, a vinyl, or a combination thereof. 
In specific aspects, a thermoplastic coating is a lacquer. 
0337. A masonry surface that is basic in pH, such as, for 
example, cement-based material and/or a calcareous stone 
(e.g., marble, limestone) may be damaging to certain coat 
ings. Specific procedures for determining the pH of a 
masonry Surface have been described, for example, in 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
D4262, 2002. Due to porosity and/or contact with an external 
environment, a masonry Surface often accumulates dirt and 
other loose surface contaminants, which are preferably 
removed prior to application of a coating. Specific procedures 
for preparative cleaning (e.g., abrading, acid etching) of a 
masonry Surface (e.g., sandstone, clay brick, concrete) have 
been described, for example, in ASTM Book of Standards, 
Volume 06.02, Paint Products and Applications: Protective 
Coatings; Pipeline Coatings.” D4259-88, D4260-88D, 5107 
90, D5703-95, D4261-83, and D4258-83, 2002. In certain 
embodiments, moisture at or near a masonry Surface may be 
undesirable during application of a coating (e.g., a solvent 
borne coating). Specific procedures for determining the pres 
ence of Such moisture upon a masonry Surface have been 
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described, for example, in ASTM Book of Standards, Vol 
ume 06.02, Paint Products and Applications; Protective 
Coatings; Pipeline Coatings.” D4263-83, 2002. Specific pro 
cedures for determining the Suitability of a coating and/or 
film, particularly in conferring water resistance to a masonry 
surface, have been described, for example, in ASTM Book 
of Standards, Volume 06.02, Paint Products and Applica 
tions: Protective Coatings; Pipeline Coatings.” D6237-98, 
D4787-93, D5860-95, D6489-99, D6490-99, and D6532-00, 
2002. Additional procedures for determining the suitability of 
a coating and/or film for use as a masonry coating have been 
described, for example, in “Paint and Coating Testing 
Manual, Fourteenth Edition of the Gardner-Sward Hand 
book.” (Koleske, J. V. Ed.), pp. 725-730, 1995. 
0338 (3) Artist's Coatings 
0339 Artist coatings refer to a coating used by artists for a 
decorative purpose. Often, an artist's coating (e.g., paint) is 
selected for durability for decades or centuries at ambient 
conditions, usually indoors. Coatings such as an alkyd coat 
ing, an oil coating, an oleoresinous coating, an emulsion (e.g., 
acrylic emulsion) coating, or a combination thereof, are typi 
cally selected for use as an artist's coating. Specific standards 
for physical properties, chemical properties, and/or proce 
dures for determining the Suitability (e.g., lightfastness) of a 
coating and/or film for use as an artist's coating have been 
described, for example, in ASTM Book of Standards, Vol 
ume 06.02, Paint Products and Applications; Protective 
Coatings; Pipeline Coatings.” D4236-94, D5724–99, D4302 
99, D4303-99, D4941-89, D5067-99, D5098-99, D5383-02, 
D5398-97, D5517-00, and D6801-02a, 2002; and in “Paint 
and Coating Testing Manual, Fourteenth Edition of the Gard 
ner-Sward Handbook.' (Koleske, J. V. Ed.), pp. 706-710, 
1995. 

0340 b. Industrial Coatings 
0341 An industrial coating is a coating applied to a Sur 
face of a manufactured product in a factory setting. An indus 
trial coating typically undergoes film formation to produce a 
film with a protective and/or aesthetic purpose. Industrial 
coatings share some similarities to an architectural coating, 
Such as comprising similar coating components, being 
applied to the same material types of Surfaces, being applied 
to an interior Surface, being applied to an exterior Surface, or 
a combination thereof. Examples of coating types that are 
commonly used for an industrial coating include an epoxy 
coating, a urethane-coating, alkyd-coating, a Vinyl-coating, 
chlorinated rubber-coating, or a combination thereof. 
Examples of a Surface commonly coated by an industrial 
coating include metal (e.g., aluminum, Zinc, copper, an alloy, 
etc); glass; plastic; cement; wood; paper, or a combination 
thereof. An industrial coating may be storage stable for 12 
months or more, applied at ambient conditions, applied using 
a hand-held applicator, undergo film formation at ambient 
conditions, or a combination thereof. 
0342. However, an industrial coating often does not meet 
one or more of these characteristics previously described as 
preferred for an architectural coating. For example, an indus 
trial coating may have a storage stability of only days, weeks, 
or months, as due to a more rapid use rate in coating factory 
prepared items. An industrial coating may be applied and/or 
undergo film formation at baking conditions. An industrial 
coating may be applied using techniques such as, for 
example, spraying by a robot, anodizing, electroplating, and/ 
or laminating of a coating and/or film onto a Surface. In some 
embodiments, an industrial coating undergoes film formation 
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by irradiating the coating with non-visible light electromag 
netic radiation and/or particle radiation Such as UV radiation, 
infrared radiation, electron-beam radiation, or a combination 
thereof. 

0343. In certain embodiments, an industrial coating com 
prises an industrial maintenance coating, which is a coating 
that produces a protective film with excellent heat resistance 
(e.g., 121°C. or greater), solvent resistance (e.g., an industrial 
Solvent, an industrial cleanser), water resistance (e.g., salt 
water, acidic water, alkali water), corrosion resistance, abra 
sion resistance (e.g., mechanical produced wear), or a com 
bination thereof. An example of an industrial maintenance 
coating includes a high-temperature industrial maintenance 
coating, which is applied to a Surface intermittently or con 
tinuously contacted with a temperature of 204°C. or greater. 
An additional example of an industrial maintenance coating 
is an industrial maintenance anti-graffiti coating, which is a 
two-pack clear coating applied to an exterior Surface that is 
intermittently contacted with a solvent and abrasion. 
Examples of coating types that are commonly used for an 
industrial maintenance coating include an epoxy-coating, a 
urethane-coating, alkyd-coating, a vinyl-coating, chlorinated 
rubber-coating, or a combination thereof. 
0344 Industrial coatings (e.g., coil coatings) and their use 
are well known to those of ordinary skill in the art (see, for 
example, in "Paint and Surface coatings: Theory and Prac 
tice.”2"Edition, pp. 502-528, 1999; in “Paints, Coatings and 
Solvents, 2" Edition, pp. 330-410, 1998; in “Organic Coat 
ings: Science and Technology, Volume 1: Film Formation, 
Components, and Appearance.” 2" Edition, pp. 138, 317 
318). Standard procedures for determining the properties of 
an industrial coating (e.g., an industrial wood coating, an 
industrial water-reducible coating) have been described, for 
example, in ASTM Book of Standards, Volume 06.02, 
Paint Products and Applications; Protective Coatings: 
Pipeline Coatings.” D4712–87a, D6577-00a, D2336-99, 
D3023-98, D3794-00, D4147-99, and D5795-95, 2002. 
0345 (1) Automotive Coatings 
0346 Automotive coatings refer to coatings used on auto 
motive vehicles, particularly those for civilian use. The manu 
facturers of a vehicle typically require that a coating conform 
to specific properties of weatherability (e.g., UV resistance) 
and/or appearance. Typically, an automotive coating com 
prises a multicoat System. In specific embodiments, an auto 
motive multicoat System comprises a primer, a topcoat, or a 
combination thereof. Examples of an automotive primer 
include a nonweatherable primer, which lack sufficient UV 
resistance for single layer use, or a weatherable primer, which 
possesses sufficient UV resistance to be used without an 
additional layer. Examples of a topcoat include an interior 
topcoat, an exterior topcoat, or a combination thereof. 
0347 Examples of a nonweatherable automotive primer 
include a primer applied by electrodeposition, a conductive 
("electrostatic) primer, or a nonconductive primer. In certain 
embodiments, a primer is applied by electrodeposition, 
wherein a metal Surface is immersed in a primer, and electri 
cal current promotes application of a primer component (e.g., 
a binder) to the surface. An example of a metal primer suitable 
for electrodeposition application includes a primer compris 
ing an epoxy binder comprising an amino moiety, a blocked 
isocyanate urethane binder, and a 75% to 95% aqueous liquid 
component. In other embodiments, a primer is a conductive 
primer, which allows additional coating layers to be applied 
using electrostatic techniques. A conductive primer typically 

42 
Sep. 30, 2010 

is applied to a plastic Surface, including a flexible plastic 
surface or a nonflexible plastic surface. Such primers vary in 
their respective flexibility property to better suit use upon the 
Surface. An example of a flexible plastic conductive primer 
includes a primer comprising polyester binder, a melamine 
binder and a conductive carbon black pigment. An example of 
a nonflexible plastic primer includes a primer that comprises 
an epoxy ester binder and/or an alkyd binder, a melamine 
binder and conductive carbon black pigment. In certain 
embodiments, a melamine binder may be partly or fully 
replaced with an aromatic isocyanate urethane binder, 
wherein the coating is a two-pack coating. A nonconductive 
primer is similar to a conductive primer, except the carbon 
black pigment is absent or reduced in content. In certain 
embodiments, a nonconductive primer is a metal primer, a 
plastic primer, or a combination thereof. In specific aspects, 
the nonconductive primer comprises a pigment for colorizing 
purposes. 

0348 Examples of a weatherable automotive primer 
include a primer/topcoat or a conductive primer. An example 
of a primer/topcoat includes a flexible plastic primer, with 
Suitable weathering properties (e.g., UV resistance) to func 
tion as a single layer topcoat. Examples of a flexible plastic 
primer include a primer comprising an acrylic and/or polyes 
ter binder and a melamine binder. In certain embodiments, a 
melamine binder may be partly or fully replaced with an 
aliphatic isocyanate urethane binder, wherein the coating is a 
two-pack coating. A weatherable conductive primer typically 
is similar to a weatherable primer/topcoat, including a con 
ductive pigment. In specific aspects, a weatherable automo 
tive primer comprises a pigment for colorizing purposes. 
0349 An interior automotive topcoat typically is applied 
to a metal Surface, a plastic Surface, a wood Surface, or a 
combination thereof. In certain aspects, an interior automo 
tive topcoat is part of a multicoat system further comprising a 
primer. Examples of an interior automotive topcoat include a 
coating comprising a urethane binder, an acrylic binder, or a 
combination thereof. 

0350. An exterior automotive topcoat is typically is 
applied to a metal Surface, a plastic Surface, or a combination 
thereof. In certain aspects, an exterior automotive topcoat is 
part of a multicoat system further comprising a primer, sealer, 
undercoat, or a combination thereof. In certain embodiments, 
an exterior automotive topcoat comprises a binder capable of 
thermosetting in combination with a melamine binder. 
Examples of Such a thermosetting binder include an acrylic 
binder, an alkyd binder, a urethane binder, polyester binder, or 
a combination thereof. In certain embodiments, a melamine 
binder may be partly or fully replaced with an urethane 
binder, wherein the coating is a two-pack coating. In typical 
embodiments, an exterior automotive topcoat further com 
prises a light stabilizer, a UV absorber, or a combination 
thereof. In general aspects, an exterior automotive topcoat 
further comprises a pigment. 
0351 Specific procedures for determining the suitability 
of a coating (e.g., a nonconductive coating) and/or film foruse 
as an automotive coating, including spray application Suit 
ability, coating VOC content and film properties (e.g., corro 
sion resistance, weathering) have been described, for 
example, in ASTM Book of Standards, Volume 06.01, 
Paint Tests for Chemical, Physical, and Optical Properties: 
Appearance.” D5087-02, D6266-00, and D6675-01, 2002: 
and ASTM Book of Standards, Volume 06.02, Paint Prod 
ucts and Applications: Protective Coatings; Pipeline Coat 
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ings.” D5066-91, D5009-02, D5162-01, and D6486-01, 
2002; and in “Paint and Coating Testing Manual, Fourteenth 
Edition of the Gardner-Sward Handbook.' (Koleske, J. V. 
Ed.), pp. 711-716, 1995. 
0352 (2) Can Coatings 
0353 Can coatings refer to coatings used on a container 
(e.g., an aluminum container, a steel container), for food, 
chemicals, or a combination thereof. The manufacturers of a 
can typically require that a coating conform to specific prop 
erties of corrosion resistance, inertness (e.g., to prevent flavor 
alterations in food, a chemical reaction with a container's 
contents, etc), appearance, durability, or a combination 
thereof. Typically, a can coating comprises an acrylic-coat 
ing, an alkyd-coating, an epoxy-coating, a phenolic-coating, 
a polyester-coating, a poly(vinyl chloride)-coating, or com 
bination thereof. Though a can may be made of the same or 
similar material, different Surfaces of a can may require coat 
ings of differing properties of inertness, durability and/or 
appearance. For example, a coating for a surface of the inte 
rior of a can that contacts the container's contents may be 
selected for a chemical inertness property, a coating for a 
Surface at the end of a can may be selected for a physical 
durability property, or a coating for a Surface on the exterior of 
a can may be selected for an aesthetic property. To meet the 
Varying can Surface requirements, a can coating may com 
prise a multicoat System. In specific embodiments, a can 
multicoat system comprises a primer, a topcoat, or a combi 
nation thereof. In certain embodiments, an epoxy-coating, a 
poly(vinyl chloride-coating), or a combination thereof is 
selected as a primer for a surface at the end of a can. In other 
embodiments, an oleoresinous-coating, a phenolic-coating, 
or a combination thereof is selected as a primer for a Surface 
in the interior of a can. In some aspects, a water-borne epoxy 
and acrylic-coating is selected as a topcoat for a surface of an 
interior of a can. In addition embodiments, an acrylic-coating, 
an alkyd-coating, a polyester-coating, or a combination 
thereof is selected as an exterior coating. In certain facets, a 
can coating (e.g., a primer, a topcoat) will further comprise an 
amino resin, a phenolic resin, or a combination thereof for 
cross-linking in a thermosetting film formation reaction. In 
certain embodiments, a can coating is applied to a surface by 
spray application. In other embodiments, a can coating under 
goes film formation by UV irradiation. Specific procedures 
for determining the Suitability of a coating and/or film for use 
as a can coating, have been described, for example, in "Paint 
and Coating Testing Manual, Fourteenth Edition of the Gard 
ner-Sward Handbook.' (Koleske, J. V. Ed.), pp. 717-724. 
1995. 

0354 (3) Sealant Coatings 
0355 Sealant coatings refer to coatings used to fill a joint 
to reduce or prevent passage of a gas (e.g., air), water, a small 
material (e.g., dust), a temperature change, or a combination 
thereof. A sealant coating ("sealant') may be thought of as a 
coating that bridges by contact two or more Surfaces. A joint 
is a gap or opening between two or more surfaces, which may 
or may not be of the same material type (e.g., metal, wood, 
glass, masonry, plastic, etc). In typical embodiments, a joint 
has a width,depth, breadth, or a combination thereof, of 0.64 
mm to 5.10 mm, including all intermediate ranges and com 
binations thereof. 

0356. In certain embodiments, a sealant coating comprises 
an oil, abutyl, an acrylic, a blocked styrene, a polysulfide, a 
urethane, a silicone, or a combination thereof. A sealant may 
be a solvent-borne coating or a water-borne coating (e.g., a 
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latex). In certain aspects, a sealant comprises a latex (e.g., an 
acrylic latex). In other embodiments, a sealant is selected for 
flexibility, as one or more of the joint Surfaces may move 
during normal use. Examples of a flexible sealant include a 
silicone, a butyl, an acrylic, a blocked styrene, an acrylic 
latex, or a combination thereof. An oil sealant typically com 
prises a drying oil, an extender pigment, a thixotrope, and a 
drier. A solvent-borne butyl sealant typically comprises a 
polyisobytylene and/or a polybutene, an extender pigment 
(e.g., talc, calcium carbonate), a liquid component, and an 
additive (e.g., an adhesion promoter, an antioxidant, a thixo 
trope). A solvent-borne acrylic Sealant typically comprises a 
polymethylacrylate (e.g., polyethyl, polybutyl), a colorant, a 
thixotrope, an additive, and a liquid component. A solvent 
borne blocked styrene sealant typically comprises styrene, 
styrene-butadiene, isoprene, or a combination thereof, and a 
liquid component. A solvent-borne acrylic Sealant, blocked 
styrene sealant, or a combination thereof typically is selected 
for aspects wherein UV resistance is desired. A urethane 
sealant may be a one-pack or two-pack coating. A solvent 
borne one-pack urethane sealant typically comprises an ure 
thane that comprises a hydroxyl moiety, a filler, a thixotrope, 
an additive, an adhesion promoter, and a liquid component. A 
Solvent-borne two-pack urethane sealant typically comprises 
a polyether that comprises an isocyanate moiety in one-pack 
and a binder comprising a hydroxyl moiety in a second pack. 
A solvent-borne two-pack urethane sealant typically also 
comprises a filler, an adhesion promoter, an additive (e.g., a 
light stabilizer), or a combination thereof. In certain aspects, 
a solvent-borne urethane sealant is selected for a sealant with 
a good abrasion resistance. A polysulfide sealant may be a 
one-pack or two-pack coating. A solvent-borne one-pack 
polysulfide sealant typically comprises an urethane that com 
prises a hydroxyl moiety, a filler, a thixotrope, an additive, an 
adhesion promoter, and a liquid component. A solvent-borne 
two-pack polysulfide sealant typically comprises a first pack, 
which typically comprises a polysulfide, an opacifying pig 
ment, a colorizer (e.g., a pigment), clay, a thixotrope (e.g., a 
mineral), and a liquid component; and a second pack, which 
typically comprises a curing agent (e.g., lead peroxide), an 
adhesion promoter, an extender pigment, and a light stabi 
lizer. A silicone sealant typically comprises a polydimeth 
yllsiloxane and a methyltriacetoxysilane, a methyltrimethox 
ysilane, a methyltricyclorhexylaminosilane, or a combination 
thereof. A water-borne acrylic latex Sealant typically com 
prises a thermoplastic acrylic, a filler, a Surfactant, a thixo 
trope, an additive, and a liquid component. Procedures for 
determining the Suitability of a coating and/or film for use as 
an Sealant coating have been described, for example, in "Paint 
and Coating Testing Manual, Fourteenth Edition of the Gard 
ner-Sward Handbook.' (Koleske, J. V. Ed.), pp. 735-740, 
1995. 

0357 
0358. A marine coating is a coating used on a Surface that 
contacts water, or a Surface that is part of a structure continu 
ally near water (e.g., a ship, a dock, an drilling platform for 
fossil fuels, etc). Typically, Such surfaces comprise metal, 
Such as aluminum, high tensile steel, mild steel, or a combi 
nation thereof. For embodiments wherein a surface contacts 
water, the type of marine coating is selected to resist fouling, 
corrosion, or a combination thereof. Fouling is an accumula 
tion of aquatic organisms, including microorganisms, upon a 
marine Surface. Fouling can damage a film, and as many 
marine coatings are formulated with a preservative, an anti 
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corrosion property (e.g., an anticorrosion pigment), or a com 
bination thereof, as Such damage often leads to corrosion of 
metal Surfaces. Additionally, a marine coating may be 
selected to resist fire. Such as a coating applied to a surface of 
a ship. Further properties that are often desirable for a marine 
coating include chemical resistance, impact resistance, abra 
sion resistance, friction resistance, acoustic camouflage, elec 
tromagnetic camouflage, or a combination thereof. 
0359 To achieve the various properties of a marine coat 
ing, often a multicoat System is used. For metal Surfaces, a 
primer known as a blast primer is typically applied to the 
Surface within seconds of blast cleaning. Examples of a blast 
primer include a polyvinyl butyral (PVB) and phenolic 
resin coating, a two-pack epoxy coating, or a two-pack Zinc 
and ethyl silicate coating. A marine metal Surface undercoat 
or topcoat typically comprises an alkyd coating, a bitumen 
coating, a polyvinyl coating, or a combination thereof. 
Marine coatings and their use are well known to those of 
ordinary skill in the art (see, for example, in “Paint and 
Surface Coatings: Theory and Practice.”2" Edition, pp. 529 
549, 1999; in “Paints, Coatings and Solvents. 2'' Edition, 
pp. 252-258, 1998; in "Organic Coatings: Science and Tech 
nology, Volume 1: Film Formation, Components, and 
Appearance.”2" Edition, pp. 138,317–318). Specific proce 
dures for determining the purity/properties of a marine coat 
ing, anti-fouling coating, or coating component thereof (e.g., 
cuprous oxide, copper powder, organotin) under marine con 
ditions (e.g., Submergence, water based erosion, seawater 
biofouling resistance, barnacle adhesion resistance) and/or 
film have been described, for example, in ASTM Book of 
Standards, Volume 06.02, Paint Products and Applications: 
Protective Coatings; Pipeline Coatings.” D3623-78a, D4938 
89, D4939-89, D5108-90, D5479-94, D6442-99, D6632-01, 
D4940-98, and D5618-94, 2002; and ASTM Book of Stan 
dards, Volume 06.03, Paint Pigments, Drying Oils, Poly 
mers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles, D912-81 and D964-65, 2002. 
0360 c. Specification Coatings 
0361. It is contemplated that, in light of the present disclo 
Sures, a specification coating may be formulated by selection 
of coating components one of ordinary skill in the art to fulfill 
a set of requirements prescribed by a consumer. Examples a 
specification finish coating include a military specified coat 
ing, a Federal agency specified coating (e.g., Department of 
Transportation), a state specified coating, or a combination 
thereof. A specification coating such as a CARC, a camou 
flage coating, or a combination thereof would be preferred in 
certain embodiments for incorporation of a biomolecule com 
position of the present invention. A camouflage coating is a 
coating that is formulated with materials (e.g., pigments) that 
reduce the visible differences between the appearance of a 
coated Surface from the Surrounding environment. Often, as 
would be known to one of ordinary skill in the art, a camou 
flage coating is formulated to reduce the detection of an 
coated Surface by devise that measures nonvisible light (e.g., 
infrared radiation). Various sources of specification coating 
requirements are described in, for example, “Paint and Coat 
ing Testing Manual, Fourteenth Edition of the Gardner-Sward 
Handbook.” (Koleske, J. V. Ed.), pp. 891-893, 1995). 
0362 (1) Pipeline Coatings 
0363 An example of a specification coating is a pipeline 
(e.g., a metal pipeline) coating used to convey a fossil fuel. A 
pipeline coating must possess corrosion resistance, and an 
example of a pipeline coating includes a coal tar-coating, a 

44 
Sep. 30, 2010 

polyethylene-coating, an epoxy powder-coating, or a combi 
nation thereof. A coal tar-coating may comprise, for example, 
a coal tarmastic-coating, a coal tar epoxide-coating, a coal tar 
urethane-coating, a coal tarenamel-coating, or a combination 
thereof. A coal tar mastic-coating typically comprises an 
extender, a vicosifier, or a combination thereof. In general 
aspects, a coal tar mastic-coating layer is 127 mm to 160 mm 
thick, including all intermediate ranges and combinations 
thereof. In embodiments wherein superior water resistance is 
desired, a coal tar epoxide-coating may be selected. In 
embodiments wherein rapid film formation is desired (e.g., 
pipeline repair), a coal tar urethane-coating may be selected. 
In embodiments wherein good water resistance, heat resis 
tance up to 82°C., bacterial resistance, poor UV resistance, or 
a combination thereof, is Suitable, a coal tar enamel may be 
selected. In embodiments wherein cathodic protection, physi 
cal durability, or a combination thereof is desired, an epoxide 
powder-coating may be selected. In certain embodiments, an 
electrostatic spray applicator may be used to apply the pow 
der coating. In certain embodiments, a pipeline coating com 
prises a multicoat system. In specific aspects, a pipeline mul 
ticoat System comprises an epoxy powder primer, a two-pack 
epoxy primer, a chlorinated rubber primer, or a combination 
thereof and a polyethylene topcoat. Specific procedures for 
determining the Suitability of a coating and/or film for use as 
a pipeline coating, including coating storage stability (e.g., 
settling) and film properties (e.g., abrasion resistance, water 
resistance, flexibility, weathering, film thickness, impact 
resistance, chemical resistance, cathodic disbonding resis 
tance, heat resistance) have been described, for example, in 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
G6-88, G9-87, G10-83, G11-88, G12-83, G13-89, G20-88, 
G70-81, G8-96, G17-88, G18-88, G19-88, G42-96, G55-88, 
G62-87, G80-88, G95-87, and D6676-01 e1, 2002; and in 
“Paintand Coating Testing Manual, Fourteenth Edition of the 
Gardner-Sward Handbook.' (Koleske, J.V.Ed.), pp. 731-734, 
1995. 

0364 (2) Traffic Marker Coatings 
0365 A traffic marker coating is a coating (e.g., a paint) 
used to very visibly conveys information on a surface usually 
Subjected to weathering and abrasion (e.g., a pavement). A 
traffic marker coating may be a solvent-borne coating or a 
water-borne coating. Examples of a solvent-borne traffic 
marker coating include an alkyd, a chlorinated rubber, or a 
combination thereof. In certain aspects, a solvent-borne coat 
ing is applied by spray application. In some embodiments, a 
traffic marker coating is a two-pack coating, such as, for 
example, an epoxy-coating, a polyester-coating, or a combi 
nation thereof. In other embodiments, a traffic marker coating 
comprises a thermoplastic coating, a thermosetting coating, 
or a combination thereof. Examples of a combination ther 
moplastic/thermosetting coating include a solvent-borne 
alkyd and/or solvent-borne chlorinated rubber-coating. 
Examples of a thermoplastic coating include a maleic-modi 
fied glycerol ester-coating, a hydrocarbon-coating, or a com 
bination thereof. In certain aspects, a thermoplastic coating 
comprises a liquid component, wherein the liquid component 
comprises a plasticizer, a pigment, and an additive (e.g., a 
glass bead). 
0366 Specific procedures for determining the suitability 
of a coating and/or film for use as a traffic marker paint, 
including coating storage stability (e.g., settling), glass bead 
properties (e.g., reflectance), film durability (e.g., adhesion, 
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pigment retention, solvent resistance, fuel resistance) and 
particularly relevant film visual properties (e.g., retroreflec 
tance, fluorescence) have been described, for example, in 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
D713-90, D868-85, D969-85, D1309-93, D2205-85, D2743 
68, D2792-69, D4796-88, D4797-88, D1155-89, D1214-89, 
and D4960-89, 2002; in ASTM Book of Standards, Volume 
06.01, Paint Tests for Chemical, Physical, and Optical 
Properties: Appearance.” F923-00, E1501-99e1, E1696-02, 
E1709-00e1, E1710-97, E1743-96, E2176-01, E808-01, 
E809-02, E810-01, E811-95, D4061-94, E2177-01, E991 
98, and E1247-92, 2002; and in “Paint and Coating Testing 
Manual, Fourteenth Edition of the Gardner-Sward Hand 
book.” (Koleske, J. V. Ed.), pp. 741-747, 1995. 
0367 (3) Aircraft Coatings 
0368. An aircraft coating protects and/or decorates a sur 
face (e.g., metal, plastic) of an aircraft. Typically, an aircraft 
coating is selected for excellent weathering properties, excel 
lent heat and cold resistance (e.g., -54°C. to 177° C.), or a 
combination thereof. Specific procedures for determining the 
Suitability of a coating and/or film for use as aircraft coating, 
are described in, for example, in "Paint and Coating Testing 
Manual, Fourteenth Edition of the Gardner-Sward Hand 
book.” (Koleske, J. V. Ed.), pp. 683-695, 1995. 
0369 (4) Nuclear Power Plant Coatings 
0370. An additional example of a specification coating is a 
coating for a nuclear power plant, which generally must pos 
sess particular properties (e.g., gamma radiation resistance, 
chemical resistance), as described in ASTM Book of Stan 
dards, Volume 06.02, Paint Products and Applications; Pro 
tective Coatings; Pipeline Coatings.” D5962-96, D5163-91, 
D5139-90, D5144-00, D4286-90, D3843-00, D3911-95, 
D3912-95, D4082-02, D4537-91, D5498-01, and D4538-95, 
2002. 
0371. H. Coating Components 
0372. In addition to the disclosures herein, the preparation 
and/or chemical syntheses of coating components, other than 
the microbial-based particulate matter of the present inven 
tion disclosed herein, are well knownto those ordinary skill in 
the art see, for example, "Paint and Coating Testing Manual, 
Fourteenth Edition of the Gardner-Sward Handbook.” 
(Koleske, J. V., Ed.) (1995); "Paint and Surface Coatings, 
Theory and Practice, Second Edition.” (Lambourne, R. and 
Strivens, T. A., Eds.) (1999); Wicks, Jr., Z. W., Jones, F. N., 
Pappas, S. P. “Organic Coatings, Science and Technology, 
Volume 1: Film Formation, Components, and Appearance.” 
(1992); Wicks, Jr., Z. W., Jones, F. N., Pappas, S. P. “Organic 
Coatings, Science and Technology, Volume 2: Applications, 
Properties and Performance.” (1992); "Paints, Coatings and 
Solvents, Second, Completely Revised Edition.” (Stoye, D. 
and Freitag, W., Eds.) (1998): “ASTM Book of Standards, 
Volume 06.01, Paint Tests for Chemical, Physical, and 
Optical Properties: Appearance.” (2002); ASTM Book of 
Standards, Volume 06.02, Paint Products and Applications: 
Protective Coatings; Pipeline Coatings.” (2002); ASTM 
Book of Standards, Volume 06.03, Paint Pigments, Drying 
Oils, Polymers, Resins, Naval Stores, Cellulosic Esters, and 
Ink Vehicles.” (2002); and “ASTM Book of Standards, Vol 
ume 06.04, Paint Solvents; Aromatic Hydrocarbons.” 
(2002). 
0373) However, as would be known to one of ordinary skill 
in the art, coating components are typically obtained from 
commercial vendors, which is a preferred method of obtain 
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ing a coating component due to ease and reduced cost. As 
would be known to one of ordinary skill in the art, texts as, for 
example, Flick, E. W. “Handbook of Paint Raw Materials, 
Second Edition.” 1989, describes over 4,000 coating compo 
nents (e.g., an antifoamer, an antiskinning agent, a bacteri 
cide, a binder, a defoamer, a dispersant, a drier, an extender, a 
filler, a flame/fire retardant, a flatting agent, a fungicide, a 
latex emulsion, an oil, a pigment, a preservative, a resin, a 
rheological/viscosity control agent, a silicone additive, a Sur 
factant, a titanium dioxide, etc) provided by commercial ven 
dors; and Ash, M. and Ash, I. “Handbook of Paint and Coating 
Raw Materials, Second Edition, 1996, which describes over 
18,000 coating components (e.g., an accelerator, an adhesion 
promoter, an antioxidant, an antiskinning agent, a binder, a 
coalescing agent, a defoamer, a diluent, a dispersant, a drier, 
an emulsifier, a fire retardant, a flow control agent, a gloss aid, 
a leveling agent, a marproofing agent, a pigment, a slip agent, 
a thickener, a UV stabilizer, viscosity control agent, a wetting 
agent, etc) provided by commercial vendors. 
0374 Specific commercial vendors are referred to herein 
as examples, and include AcimaTM AG, Im Ochsensand, 
CH-9470 Buchs/SG: Air Products and Chemicals, Inc., 72.01 
Hamilton Boulevard, Allentown, Pa. 18195-1501; Avecia 
Inc., 1405 Foulk Road, PO Box 15457, Wilmington, Del. 
19850-5457, U.S.A.; Bayer Corporation, 100 Bayer Rd., 
Pittsburgh, Pa. 15205-9741, U.S.A.; Buckman Laboratories, 
Inc., 1256 North McLean Blvd., Memphis, Tenn. 38108 
0305, U.S.A.; BYK-Chemie GmbH, Abelstrasse 45, P.O. Box 
100245, D-46462 Wesel, Germany; Ciba Specialty Chemi 
cals, 540 White Plains Road, P.O. Box 2005, Tarrytown, N.Y. 
10591-9005, U.S.A.: Clariant LSM(America) Inc., 200 Rod 
ney Building, 3411 Silverside Road, Wilmington, Del. 19810 
U.S.A.: Cognis Corporation, 5051 Estecreek Drive, Cincin 
nati, Ohio 45232-1446, U.S.A.: Condea Servo LLC., 4081 B 
Hadley Road, South Plainfield, N.J. 07080-11 14, U.S.A.: 
Cray Valley Limited, Waterloo Works, Machen, Caerphilly 
CF838YN United Kingdom: Dexter Chemical L.L.C., 845 
Edgewater Road Bronx, N.Y. 10474, U.S.A.: Dow Chemical 
Company, 2030 Dow Center, Midland, Mich. 48674 U.S.A.: 
Elementis Specialties, Inc., PO Box 700,329 Wyckoffs Mill 
Road, Hightstown, N.J. 08520 U.S.A.; Goldschmidt Chemi 
cal Corp., 914 East Randolph Road PO Box 1299 Hopewell, 
Va. 23860 U.S.A.: Hercules Incorporated, 1313 North Mar 
ket Street, Wilmington, Del. 19894-0001, U.S.A.: Interna 
tional Specialty Products, 1361 Alps Road, Wayne, N.J. 
07470, U.S.A.; Octel-Starreon LLC USA, North American 
Headquarters, 8375 South Willow Street, Littleton, Colo. 
801 24, U.S.A.; Rohm and Haas Company, 100 Independence 
Mall West, Philadelphia, Pa. 19106-2399, U.S.A.: Solvay 
Advanced Functional Minerals, Via Varesina 2-4, 1-21021 
Angera (VA); Troy Corporation, 8 Vreeland Road, PO Box 
955, Florham Park, N.J., O7932 U.S.A.: R. T. Vanderbilt 
Company, Inc., 30 Winfield Street, Norwalk, Conn. 06855, 
U.S.A., Union Carbide Chemicals and Plastics Co., Inc., 39 
Old Ridgebury Road, Danbury, Conn. 06817-0001, U.S.A. 
0375 1. Binders 
0376. A binder (“polymer,” “resin,” “film former') is a 
molecule capable of film formation. Film formation is a 
physical and/or chemical change of a binder in a coating, 
wherein the change converts the coating into a film. Often, a 
binder converts into a film through a polymerization reaction, 
wherein a first binder molecule covalently bonds with at least 
a second binder molecule to form a larger molecule, known as 
a “polymer.” As this process is repeated a plurality of times, 
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the composition converts from a coating comprising a binder 
into a film comprising a polymer. 
0377. A binder may comprise a monomer, an oligomer, a 
polymer, or a combination thereof. A monomer is a single unit 
of a chemical species that can undergo a polymerization 
reaction. However, a binder itself is often a polymer, as such 
larger binder molecules are more suitable for formulation into 
a coating capable of both being easily applied to a surface and 
undergoing an additional polymerization reaction to produce 
a film. An oligomer comprises 2 to 25 polymerized mono 
mers, including all intermediate ranges and combinations 
thereof. 
0378. A homopolymer is a polymer that comprises mono 
mers of the same chemical species. A copolymer is a polymer 
that comprises monomers of at least two different chemical 
species. A linear polymer is an unbranched chain of mono 
mers. A branched polymer is a branched (“forked') chain of 
monomers. A network (“cross-linked') polymer is a branched 
polymer wherein at least one branch forms an interconnecting 
covalent bond with at least one additional polymer molecule. 
0379 A thermoplastic binder and/or coating reversibly 
softens and/or liquefies when heated. Film formation for a 
thermoplastic coating generally comprises a physical pro 
cess, typically the loss of the Volatile (e.g., liquid) component 
from a coating. As a volatile component is removed, a Solid 
film may be produced through entanglement of the binder 
molecules. In many aspects, a thermoplastic binder is gener 
ally a higher molecular mass than a comparable thermoset 
ting binder. In many aspects, a thermoplastic film is often 
Susceptible to damage by a volatile component that can be 
absorbed by the film, which can soften and/or physically 
expand the film. In certain facets, a thermoplastic film may be 
removed from a surface by use of a Volatile component. 
However, in many aspects, damage to a thermoplastic film 
may be repaired by application ofathermoplastic coating into 
the damaged areas and Subsequent film formation. 
0380 Athermosetting binder undergoes film formation by 
a chemical process, typically the cross-linking of a binder into 
a network polymer. In certain embodiments, a thermosetting 
binder does not possess significant thermoplastic properties. 
0381. The glass transition temperature is the temperature 
wherein the rate of increase of the volume of a binder or a film 
changes. Binders and films often do not convert from solid to 
liquid (“melt') at a specific temperature (“T”), but rather 
possess a specific glass transition temperature wherein there 
is an increase in the rate of volume expansion with increasing 
temperature. At temperatures above the glass transition tem 
perature, a binder or film becomes increasingly rubbery in 
texture until it becomes a viscous liquid. In certain embodi 
ments described herein, a binder, particularly a thermoplastic 
binder, may be selected by its glass transition temperature, 
which provides guidance to the temperature range of film 
formation, as well as thermal and/or heat resistance of a film. 
The lower the T, the “softer the resin, and generally, the film 
produced from Such a resin. A Softer film typically possesses 
greater flexibility (e.g., crack resistance) and/or poorer resis 
tance to dirt accumulation than a harder film. 
0382. In certain embodiments, a coating comprises a low 
molecular weight polymer, a high molecular weight polymer, 
or a combination thereof. Examples of a low molecular 
weight polymer include an alkyd, an amino resin, a chlori 
nated rubber, an epoxide resin, an oleoresinous binder, a 
phenolic resin, a urethane, a polyester, an urethane oil, or a 
combination thereof. Examples of a high molecular weight 
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polymer include a latex, a nitrocellulose, a non-aqueous dis 
persion polymer (“NAS), a solution acrylic, a solution vinyl, 
or a combination thereof. Examples of a latex include an 
acrylic, a polyvinyl acetate (PVA), a styrene/butadiene, or a 
combination thereof. 

0383. In addition to the disclosures herein, a binder, meth 
ods of binder preparation, commercial vendors of binder, and 
techniques for using an binder in a coating known to those of 
ordinary skill in the art may be applied in the practice of the 
present invention (see, for example, Flick, E. W. “Handbook 
of Paint Raw Materials, Second Edition. pp. 287-805 and 
879-998, 1989; in “Paint and Coating Testing Manual, Four 
teenth Edition of the Gardner-Sward Handbook.' (Koleske, J. 
V. Ed.), pp. 23-29, 39-67, 74-84, 87,268-285, 410, 539-540, 
732, 735-736, 741, 770, 806-807, 845-849, and 859-861, 
1995; in “Paint and Surface Coatings. Theory and Practice, 
Second Edition.” (Lambourne, R. and Strivens, T. A., Eds.), 
pp. 2-3, 7-10, 21, 24-40, 40-54, 60-71, 76, 81-86, 352,358, 
381-394, 396, 398, 405, 433-448, 494-497, 500, 537-540, 
700-702, and 734, 1999: Wicks, Jr., Z. W., Jones, F. N., 
Pappas, S. P. “Organic Coatings, Science and Technology, 
Volume 1: Film Formation, Components, and Appearance.” 
pp. 39,49-57, 62,65-67, 67,76-80, 83,91, 104-118, 155, 168, 
178, 182-183, 200, 202-203, 209, 214-216, 220 and 250, 
162-186, 215-216 and 232, 59-60, 183-184, 133-143, 39, 
144-161, 203, 219-220 and 239, 23, 110, 120-132, 122-130, 
198, 202-203, 209 and 220, 60-62, 83-103, 164-167, 173, 
177-178, 184-187, 195, 206, and 216-219, 1992: Wicks, Jr., 
Z. W., Jones, F. N., Pappas, S. P. “Organic Coatings, Science 
and Technology, Volume 2: Applications, Properties and Per 
formance.” pp. 13-14, 18-19,26,33-34,36, 41, 57, 77,92,95, 
116-119, 143-145, 156, 161-165, 179-180, 191-193, 197 
203, 210-211, 213-214, 216, 219-222, 230-239, 260-263, 
269-271, 276-284, 288-293, 301-307, 310, 315-316, 319 
321, and 325-346, 1992; and in “Paints, Coatings and Sol 
vents, Second, Completely Revised Edition.” (Stoye. D. and 
Freitag, W., Eds.) pp. 5, 11-22, 37-50, 54-55, 72, 80-87, 
96-98, 108, 126, and 136, 1998. 
0384 a. Oil-Based Binders 
0385 Certain binders, such as, for example, an oil (e.g., a 
drying oil), an alkyd, an oleoresinous binder, a fatty acid 
epoxide ester, or a combination thereof, are prepared and/or 
synthesized from an oil and/or a fatty acid, and undergo film 
formation by thermosetting oxidative cross-linking of fatty 
acids, and will be referred to herein as an “oil-based binder.” 
These types of binders often possess similar properties (e.g., 
solubility, viscosity). An oil-based binder coating often fur 
ther comprises a drier, an antiskinning agent, an alkylphe 
nolic resin, a pigment, an extender, a liquid component (e.g., 
a solvent), or a combination thereof. Adrier, such as a primary 
drier, secondary drier, or a combination thereof, may be 
selected to promote film formation. In certain facets, an oil 
based binder coating may comprise an anti-skinning agent, 
which is typically used to control undesirable film-formation 
caused by a primary drier and/or oxidation. A liquid compo 
nent may be selected, for example, to alter a rheological 
property (e.g., flow), wetting and/or dispersion of particulate 
material, or a combination thereof. In certain embodiments, a 
liquid component comprises a hydrocarbon. In particular 
embodiments, the hydrocarbon comprises an aliphatic hydro 
carbon, an aromatic hydrocarbon (e.g., toluene, Xylene), or a 
combination thereof. In some facets, the liquid component 
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comprises, by weight, 5% to 20% of an oil-based binder 
coating, including all intermediate ranges and combinations 
thereof. 

0386. In alternative embodiments, an oil-based temporary 
coating (e.g., a non-film forming coating) may be produced, 
for example, by inclusion of an antioxidant, reduction of the 
amount of a drier, selection of a oil-based binder that com 
prises fewer or no double bonds, or a combination thereof. 
0387 An oil-based binder coating may be selected for 
embodiments wherein a relatively low viscosity is desired, 
Such as, for example, application to a corroded metal Surface, 
a porous Surface (e.g., wood), or a combination thereof, due to 
the penetration power of a low viscosity coating. In certain 
facets, it is preferred that application of an oil-binder coating 
produces a layer is less than 25um on vertical Surfaces and 40 
um on horizontal Surfaces to reduce shrinkage, wrinkling. 
Additionally, in aspects wherein the profile of the wood sur 
face is to be retained, a such a thin film thickness is preferred. 
In specific aspects, an oil-binder coating may be selected as a 
wood stains, a topcoat, or a combination thereof. In particular 
facets, a wood stain comprises an oil (e.g., linseed oil) coat 
ing, an alkyd, or a combination thereof. Often, wood coating 
comprises a lightstabilizer (e.g., UV absorber). 
0388 (1) Oils 
0389. An oil is a polyol esterified to at least one fatty acid. 
A polyol (“polyalcohol.” “polyhydric alcohol) is an alcohol 
comprising more than one hydroxyl moiety per molecule. In 
certain embodiments, an oil comprises an acylglycerol esteri 
fied to one fatty acid ("monacylglycerol'), two fatty acids 
(“diacylglycerol), or three fatty acids (“triacylglycerol.” 
“triglyceride'). Typically, however, an oil will comprise a 
triacylglycerol. A fatty acid is an organic compound compris 
ing a hydrocarbon chain that includes a terminal carboxyl 
moiety. A fatty acid may be unsaturated, monounsaturated, 
and polyunsaturated referring to whether the hydrocarbon 
chain possess no carbon double bonds, one carbon double 
bond, or a plurality of carbon double bonds (e.g., 2, 3, 4, 5, 6, 
7, or 8 double bonds), respectively. 
0390. In typical use in a coating, a plurality of fatty acids 
forms covalent cross-linking bonds to produce a film in coat 
ings comprising oilbinders and/or other binders comprising a 
fatty acid. Usually oxidation through contact with atmo 
spheric oxygen is used to promote film formation. Exposure 
to light also enhances film formation. The ability of an oil to 
undergo film formation by chemical cross-linking is related 
to the content of chemically reactive double bonds available 
in its fatty acids. Oils are generally a mixture of chemical 
species, comprising different combinations of fatty acids 
esterified to glycerol. The overall types and percentages of 
particular fatty acids that are comprised in oils affect the 
ability of the oil to be used as a binder. Oils can be classified 
as a drying oil, a semi-drying oil, or a non-drying oil depend 
ing upon the ability of the oil to cross-link into a dry film 
without additives (e.g., driers) at room temperature and atmo 
spheric oxygen. A drying oil forms a dry film to touch upon 
cross-linking, a semi-drying oil forms a sticky ("tacky') film 
to touch upon cross-linking, while a non-drying oil does not 
produce a tacky or dry film upon cross-linking. In certain 
facets, it is contemplated that film-formation of a non-chemi 
cally modified oil-binder coating will typically take from 12 
hours to 24 hours at room temperature, air, and lighting. 
Procedures for selection and testing of drying oils for a coat 
ing are described in, for example, ASTM Book of Standards, 
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Volume 06.03, Paint Pigments, Drying Oils, Polymers, 
Resins, Naval Stores, Cellulosic Esters, and Ink Vehicles.” 
D555-84, 2002. 
0391 Drying oils comprise at least one polyunsaturated 
fatty acid to promote cross-linking. Polyunsaturated fatty 
acids (“polyenoic fatty acids) include, but are not limited to, 
7,10,13-hexadecatrienoic (“16:3 n-3); linoleic “9,12-octa 
decadienoic,” “18:2(n-6); Y-linolenic “6,9,12-octadecatri 
enoic,” “18:3(n-6); a trienoic 20:3(n-9); dihomo-y-linolenic 
“8,11,14-eicosatrienoic,” “20:3(n-6); arachidonic “5,8, 
11, 14-eicosatetraenoic,” “20:4(n-6); a licanic, (“4-oxo 
9c11t13t-18:3); 7,10,13,16-docosatetraenoic “22:4(n-6): 
4,7,10,13,16-docosapentaenoic 22:5(n-6); C-linolenic 
“9,12,15-octadecatrienoic,” “18:3(n-3); stearidonic “6.9, 
12, 15-octadecatetraenoic,” “18:4(n-3); 8,11,14, 17-eico 
satetraenoic 20:4(n-3); 5,8,11,14, 17-eicosapentaenoic 
“EPA.” “20:5(n-3)]; 7,10,13,16,19-docosapentaenoic 
“DPA,” “22:5(n-3): 4,7,10,13,16,19-docosahexaenoic 
“DHA.” “22:6(n-3)”; 5,8,11-eicosatrienoic “Mead acid.” 
“20:3(n-9); taxoleic (“all-cis-5,9-18:2); pinolenic (“all 
cis-5,9,12-18:3); sciadonic (“all-cis-5,11,14-20:3); diho 
motaxoleic (“7.11-20:2); cis-9, cis-15 octadecadienoic (“9, 
15-18:2); retinoic; or a combination thereof. 
0392 Drying oils can be further characterized as non 
conjugated or conjugated drying oils depending upon 
whether their most abundant fatty acid comprises a polym 
ethylene-interrupted double bond or a conjugated double 
bond, respectively. A polymethylene-interrupted double 
bond is two double bonds separated by two or more methyl 
ene moieties. A polymethylene-interrupted fatty acid is a fatty 
acid comprising Such a configuration of double bonds. 
Examples of polymethylene-interrupted fatty acids include 
taxoleic, pinolenic, Sciadonic, dihomotaxoleic, cis-9, cis-15 
octadecadienoic, retinoic, or a combination thereof. 
0393 A conjugated double bond is a moiety wherein a 
single methylene moiety connects pair of carbon chain 
double bonds. A conjugated fatty acid is a fatty acid compris 
ing such a pair of double bonds. A conjugated double bond is 
more prone to cross-linking reactions than non-conjugated 
double bonds. A conjugated diene fatty acid, a conjugated 
triene fatty acid or a conjugated tetraene fatty acid, possesses 
only two, three or four conjugated double bonds, respectively. 
An example of a common conjugated diene fatty acid is a 
conjugated linoleic. Examples of a conjugated triene fatty 
acid include an octadecatrienoic, a licanic, or a combination 
thereof. Examples of an octadecatrienoic acid include an 
C-eleostearic comprising the 9c. 11t, 13t isomer, a calendic 
comprising a 8t, 10t, 12c isomer, a catalpic comprising the 
9c, 11t, 13c isomer, or a combination thereof. An example of a 
conjugated tetraene fatty acid is C.-parinaric comprising the 
9c, 11t, 13t, 15c isomer, and 3-parinaric comprising the 9t, 11t, 
13t, 15t isomer, or a combination thereof. 
0394 Oils for use in coatings are generally obtained from 
renewable biological sources, such as plants, fish or a com 
bination thereof. Examples of plant oils commonly used in 
coatings or coating components include cottonseed oil, lin 
seed oil, oiticica oil, safflower oil, soybean oil, sunflower oil, 
tall oil, rosin, tung oil, or a combination thereof. An example 
of a fish oil commonly used in coatings or coating compo 
nents include caster oil. A colder environment generally pro 
motes a higher polyunsaturated fatty acid content in an organ 
ism (e.g., Sunflowers). Cottonseed oil comprises about 36% 
saturated fatty acids, 24% oleic, and 40% linoleic. Castor oil 
comprises about 3% saturated fatty acids, 7% oleic, 3% 
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linoleic, and 87% ricinoleic (“12-hydroxy-9-octadecenoic'). 
Linseed oil comprises about 10% saturated fatty acids, 20% 
to 24% oleic (“cis-9-octadecenoic), 14% to 19% linoleic, 
and 48% to 54% linolenic. Oiticica oil comprises about 16% 
saturated fatty acids, 6% oleic, and 78% licanic. Safflower oil 
comprises about 11% saturated fatty acids, 13% oleic, 75% 
linoleic, and 1% linolenic. Soybean oil comprises about 14% 
to 15% saturated fatty acids, 22% to 28% oleic, 52% to 55% 
linoleic, and 5% to 9% linolenic. Tall oil, which is a product 
of paper production and generally is not in the form of a 
triglyceride, often comprises about 3% saturated fatty acids, 
30% to 35% oleic, 35% to 40% linoleic, 2% to 5% linolenic, 
and 10% to 15% of a combination of pinolenic and conju 
gated linoleic. Rosin is a combination of acidic compounds 
isolated during paper production, such as, for example, abi 
etic acid, neoabietic acid, dihydroabietic acid, tetraabietic 
acid, isodextropimaric acid, dextropimaric acid, dehydroabi 
etic acid, and levopimaric acid. Tung oil comprises about 5% 
saturated fatty acids, 8% oleic, 4% linoleic, 3% linolenic, and 
80% C-elestearic. Standards for physical properties, chemi 
cal properties, and/or procedures for testing the purity/prop 
erties of various oils (e.g., caster, linseed, oiticica, safflower, 
Soybean, Sunflower, tall, tung, rosin, dehydrated caster, boiled 
linseed, a drying oil, a fish oil, a heat-bodied drying oil) for 
use in a coating are described, for example in ASTM Book of 
Standards, Volume 06.03, Paint Pigments, Drying Oils, 
Polymers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles, D555-84, D960-02a, D961-86, D234-82, D601 
87, D1392-92, D1462–92, D12-88, D1981-02, D5768-95, 
D3169-89, D260-86, D124-88, D803-02, D1541-97, D1358 
86, D1950-86, D1951-86, D1952-86, D1954-86, D1958-86, 
D464-95, D465-01, D1959-97, D1960-86, D1962-85, 
D1964-85, D1965-87, D1966-69, D1967-86, D3725-78, 
D1466-86, D890-98, D1957-86, D1963-85, D5974-00, 
D1131-97, D1240-02, D889-99, D509-98, D269-97, D1065 
96 and D804-02, 2002. 
0395. In certain embodiments, an oil comprises a chemi 
cally modified oil, which is an oil altered by a reaction 
thought to promote limited cross-linking. Generally, Such a 
modified oil possesses an altered property, such as a higher 
Viscosity, which may be more Suitable for a particular coating 
application. Examples of a chemically modified oil include a 
bodied oil, a blown oil, a dimeracid, oracombination thereof. 
A bodied oil (“heat bodied oil.” “stand oil’) is produced, for 
example, by heating a nonconjugated oil (e.g., 320°C.) or a 
conjugated oil (e.g., 240° C.) in an chemically unreactive 
atmosphere to promote limited cross-linking. A blown oil is 
produced, for example, by passing air through a drying oil at, 
for example, 150° C. A dimer acid is produced, for example, 
by acid catalyzed dimerization or oligomerization of a poly 
unsaturated acid. 

0396. In certain embodiments, an oil comprises a syn 
thetic conjugated oil, which is an oil altered by a reaction 
thought to produce a conjugated double bond in a fatty acid of 
the oil. Conjugated fatty acids have been produced from 
nonconjugated fatty acids by alkaline hydroxide catalyzed 
reactions. However, a synthetic conjugated oil is generally 
semi-drying in air catalyzed film formation at room tempera 
ture, and a coating comprising such an oil is typically cured 
by baking. Additionally richinoleic acid, which is prevalent in 
castor oil, can be dehydrogenated to produce a mixture of 
conjugated and non-conjugated fatty acids. Dehydrogenated 
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castor oil comprises about 2% to 4% saturated fatty acids, 6% 
to 8% oleic, 48% to 50% linoleic, and 40% to 42% conjugated 
linoleic. 
0397 Certain other compounds comprising a fatty acid 
and polyol are classified herein as an oil for use as a binder 
Such as a high ester oil, a maleated oil, or a combination 
thereof. A high ester oil comprises a polyol capable of com 
prising greater than three fatty acid esters per molecule and at 
least one fatty acid ester. However, a highester oil comprising 
four or more fatty acid esters per molecule is preferred. 
Examples of such a polyol include a pentaerythritiol, a dipen 
taerythritiol, a tripentaerythritiol, or a styrenefallyl alcohol 
copolymer. These high ester oils generally form films more 
rapidly than acylglycerol based oil, as the opportunity for 
cross-linking reactions between fatty acids increases with the 
number of fatty acids attached to a single polyol. A maleated 
oil is an oil modified by a chemical reaction with maleic 
anhydride. Maleic acid and an unsaturated or polyunsaturated 
fatty acid react to produce a fatty acid with additional acid 
moieties. A maleated oil generally is more hydrophilic and/or 
has a faster film formation time than a comparative non 
maleated oil. 

0398 (2) Alkyd Resins 
0399. In certain embodiments, a binder can comprise an 
alkyd resin. In general embodiments, an alkyd-coating may 
be selected as an architectural coating, a metal coating, a 
plastic coating, a wood coating, or a combination thereof. In 
certain aspects, an alkyd coating may be selected for use as a 
primer, an undercoat, a topcoat, or a combination thereof. In 
particular aspects, an alkyd coating comprises a pigment, an 
additive, or a combination thereof. 
0400. An alkyd resin comprises a polyester prepared from 
a polyol, a fatty acid, and a polybasic (“polyfunctional) 
organic acid or acid anhydride. An alkyd resin is generally 
produced by first preparing monoacylpolyol, which is a 
polyol esterified to one fatty acid. The monoacylpolyol is 
polymerized by ester linkages with a polybasic acid to pro 
duce an alkyd resin of desired viscosity in a solvent. 
Examples of a polyol include 1,3-butylene glycol; diethylene 
glycol; dipentaerythritol; ethylene glycol, glycerol; hexylene 
glycol; methyl glucoside; neopentylglycol; pentaerythritol; 
pentanediol; propylene glycol, Sorbitol; triethylene glycol, 
trimethylol ethane; trimethylol propane; trimethylpen 
tanediol; or a combination thereof. In certain aspects, a polyol 
comprises ethylene glycol, glycerol; neopentylglycol; pen 
taerythritol; trimethylpentanediol; or a combination thereof. 
Examples of a polybasic acid or an acid anhydride include 
adipic acid, azelaic acid, chlorendic anhydride, citric acid, 
fumaric acid, isophthalic acid, maleic anhydride, phthalic 
anhydride, sebacic acid, Succinic acid, trimelletic anhydride, 
or a combination thereof. In certain aspects, a polybasic acid 
oran acid anhydride comprises isophthalic acid, maleic anhy 
dride, phthalic anhydride, trimelletic anhydride, or a combi 
nation thereof. Examples of a fatty acid include abiatic, ben 
Zoic, caproic, caprylic, lauric, linoleic, linolenic, oleic, a 
tertiary-butylbenzoic acid, a fatty acid from an oil/fat (e.g., 
castor, coconut, cottonseed, tall, tallow), or a combination 
thereof. In certain aspects, a fatty acid comprises benzoic, a 
fatty acid from tall oil, or a combination thereof. In specific 
aspects, an oil is used in the reaction directly as a source of a 
fatty acid and/or a polyol. Examples of an oil include castor 
oil, coconut oil, corn oil, cottonseed oil, dehydrated castor oil, 
linseed oil, safflower oil, soybean oil, tung oil, walnut oil, 
Sunflower oil, menhaden oil, palm oil, or a combination 
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thereof. In some aspects, an oil comprises coconut oil, linseed 
oil, soybean oil, or a combination thereof. 
04.01. In addition to the standards and analysis techniques 
previously described for an oil, standards for physical prop 
erties, chemical properties, and/or procedures for testing the 
purity/properties of various fatty acids (e.g., coconut, corn, 
cottonseed, dehydrated caster, linseed, soybean, tall oil fatty 
acids, rosin fatty acids) and a polyol (e.g., pentaerythritol, 
hexylene glycol, ethylene glycol, diethylene glycol, propy 
lene glycol, dipropylene glycol) and acid anhydrides (e.g., 
phthalic anhydride, maleic anhydride) for use in an alkyd or 
other coating components are described, for example, in 
“ASTM Book of Standards, Volume 06.03, Paint Pigments, 
Drying Oils, Polymers, Resins, Naval Stores, Cellulosic 
Esters, and Ink Vehicles. D1537-60, D1538-60, D1539-60, 
D1841-63, D1842-63, D1843-63, D5768-95, D1981-02, 
D1982-85, D1980-87, D804-02, D1957-86, D464-95, D465 
01, D1963-85, D5974-00, D1466-86, D2800-92, D1585-96, 
D1467-89, and D1983-90, 2002; and in “ASTM Book of 
Standards, Volume 06.04, Paint Solvents; Aromatic Hydro 
carbons, D2403-96, D3504-96, D2930-94, D3366-95, 
D3438-99, D2195-00, D2636-01, D2693-02, D2694-91, 
D5164-91, D1257-90, and D1258-95, 2002. Further, the 
composition, properties and/or purity of an alkyd resin and/or 
a solution comprising an alkyd resin selected for use in a 
coating Such as phthalic anhydride content, isophthalic acid 
content, unsaponifiable matter content, fatty acid content/ 
identification, polyhydric alcohol content/identification, 
glycerol, ethylene glycol and/or pentaerythirol content, and 
silicon content can be empirically determined by procedures 
known to those of ordinary skill in the art (see, for example, 
“ASTM Book of Standards, Volume 06.03, Paint Pigments, 
Drying Oils, Polymers, Resins, Naval Stores, Cellulosic 
Esters, and Ink Vehicles, D2689-88, D563-88, D2690-98, 
D2998-89, D1306-88, D1397-93, D1398-93, D2455-89, 
D1639-90, D1615-60, and D2456-91, 2002). 
0402 (i) Oil Length Alkyd Binders 
0403. In specific embodiments, an alkyd resin may be 
selected based on the materials used in its preparation, which 
typically affect the alkyd's properties. In general aspects, an 
alkyd resin is often classified and/or selected for use in a 
particular application by its oil content, as the oil content 
affects the alkyd resin properties. Oil content is the amount of 
oil relative to the solvent-free alkyd resin. Based on oil con 
tent, an alkyd resin may be classified as a very long oil alkyd 
resin, a long oil alkyd resin, a medium oil alkyd resin, or a 
short oil alkyd resin. Generally, the greater the oil content 
classification of an alkyd resin that is comprised in a coating, 
the greater the ease of brush application, the slower the rate of 
film formation, the greater the film's flexibility, the poorer the 
chemical resistance of the film, the poorer the retention of 
gloss in exterior environments, or a combination thereof. A 
short oil alkyd, a medium oil alkyd, a long oil alkyd, and a 
very long oil alkyd has an oil content range of 1% to 40%, 
40% to 60%, 60% to 70%, and 70% to 85%, respectively, 
including all intermediate ranges and combinations thereof, 
respectively. In typical embodiments, a short oil alkyd, a 
medium oil alkyd, a long oil alkyd, and a very long oil alkyd 
resin and/or coating comprise 50%, 45% to 50%, 60% to 
70%, or 85% to 100% nonvolatile component, respectively. 
04.04. In certain embodiments, a short oil alkyd coating 
may be selected as an industrial coating. In certain aspects, a 
short oil alkyd is synthesized from an oil, wherein the oil 
comprises castor, dehydrated castor, coconut, linseed, soy 
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bean, tall, or a combination thereof. In some aspects, the oil of 
a short oil alkyd comprises a saturated fatty acid. Examples of 
a saturated fatty acid include, but are not limited to, caproic 
(“hexanoic,” “6:0'); caprylic ("octanoic,” “8:0'); lauric 
(“dodecanoic,” “12:0); or a combination thereof. In particu 
lar facets, a short oil alkyd coating comprises a solvent, 
wherein the solvent comprises an aromatic hydrocarbon, 
isobutanol, VMP naphtha, xylene, or a combination thereof. 
In other facets, the aromatic solvent comprises a high boiling 
aromatic solvent. In some aspects, a short oil alkyd is 
insoluble or poorly soluble in an aliphatic hydrocarbon. In 
further embodiments, a short oil alkyd coating undergoes film 
formation by baking. 
0405. In certain embodiments, a medium oil alkyd coating 
may be selected as a farm implement coating, a railway equip 
ment coating, a maintenance coating, or a combination 
thereof. In certain aspects, a medium oil alkyd is synthesized 
from an oil, wherein the oil comprises linseed, safflower, 
Soybean, Sunflower, tall, or a combination thereof. In some 
aspects, the oil of a medium oil alkyd comprises a monoun 
saturated fatty acid (e.g., oleic acid). In particular facets, a 
medium oil alkyd coating comprises a solvent, wherein the 
Solvent comprises an aliphatic hydrocarbon, an aromatic 
hydrocarbon, or a combination thereof. 
0406. In certain embodiments, a tall oil alkyd coating may 
be selected as an architectural coating, a maintenance coat 
ing, a primer, a topcoat, or a combination thereof. In certain 
aspects, a tall oil alkyd is synthesized from an oil, wherein the 
oil comprises linseed, safflower, soybean, Sunflower, tall, or a 
combination thereof. In some aspects, the oil of a long oil 
alkyd comprises a polyunsaturated fatty acid. In particular 
facets, a tall oil alkyd coating comprises a solvent, wherein 
the solvent comprises an aliphatic hydrocarbon. 
0407. In certain embodiments, a very long oil alkyd coat 
ing may be selected as a latex architectural coating, a wood 
stain, or a combination thereof. In certain aspects, a very long 
oil alkyd is synthesized from an oil, wherein the oil comprises 
linseed, soybean, tall, or a combination thereof. In some 
aspects, the oil of a long oil alkyd comprises a polyunsatu 
rated fatty acid. In particular facets, a very long oil alkyd 
coating comprises a solvent, wherein the solvent comprises 
an aliphatic hydrocarbon. 
0408 (ii) High Solid Alkyd Coatings 
04.09. A high solid alkyd possesses a reduced viscosity, a 
lower average molecular weight, or a combination thereof. A 
high solid alkyd may be selected for embodiments wherein a 
reduced quantity liquid content (e.g., solvent) of a coating is 
desired. In some embodiments, a high Solid alkyd coating 
comprises an enamel coating. In other aspects, a high solid 
long or very long oil alkyd coating comprises an architectural 
coating. In further aspects, a high solid medium oil alkyd 
coating comprises a transportation coating. In further aspects, 
a high Solid short oil alkyd coating comprises an industrial 
coating. Additional, various chemical moieties may be incor 
porated in an alkyd to modify a property. Examples of Such 
moieties include an acrylic, a benzoic acid, an epoxide, an 
isocyanate, a phenolic, a polyamide, a rosin, a silicon, a 
styrene (e.g., a paramethyl styrene), a vinyl toluene, or a 
combination thereof. In certain embodiments, a benzoic acid 
modified high Solid alkyd coating comprises a coating for a 
tool. In other embodiments, a phenolic modified high solid 
alkyd coating comprises a primer. A silicone modified alkyd 
coating may be selected for improved weather resistance, 
heat resistance, or a combination thereof. In specific aspects, 
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a silicone modified alkyd coating may comprise an additional 
binder capable of cross-linking with the silicone moiety (e.g., 
a melamine formaldehyde resin). In specific facets, a silicone 
modified alkyd coating may be selected as a coil coating, an 
architectural coating, a metal coating, an exterior coating, or 
a combination thereof. In certain facets, a high solid silicon 
modified alkyd coating may substitute an oxygenated com 
pound (e.g., a ketone, an ester) for an aromatic hydrocarbon 
liquid component. However, a high solid silicon-modified 
alkyd coating, to achieve cross-linking during film-forma 
tion, should comprise an additional binder capable of cross 
linking. In further embodiments, a silicone modified high 
Solid alkyd coating comprises a maintenance coating, a top 
coat, or a combination thereof. 
0410 (iii) Uralkyd Coatings 
0411. An uralkyd binder (“uralkyd,” “urethane alkyd.” 
“urethane oil.” “urethane modified alkyd') is an alkyd binder, 
with the modification that compound comprising plurality of 
diisocyanate moieties partly or fully replacing the dibasic 
acid (e.g., phthalic anhydride) in the synthesis reactions. 
Examples of an isocyanate comprising compounds include a 
1,6-hexamethylene diisocyanate (“HDI), a toluene diisocy 
anate (“TDI), or a combination thereof. An uralkyd binder 
may be selected for embodiments wherein a superior abrasion 
resistance, Superior resistance to hydrolysis, or a combination 
thereof, relative to an alkyd, is desired in a film. However, an 
uralkyd binder prepared using TDI often has greater viscosity 
in a coating, inferior color retention in a film, or a combina 
tion thereof, relative to an alkyd binder. Additionally, an 
uralkyd binder prepared using an aliphatic isocyanate gener 
ally possesses Superior color retention to an uralkyd prepared 
from TDI. An uralkyd coating tends to undergo film forma 
tion faster than a comparable alkyd binder, due to a generally 
greater number of available conjugated double bonds, an 
increased T in an uralkyd binder prepared using an aromatic 
isocyanate, or a combination thereof. A film comprising an 
uralkyd binder tends to develop a yellow to brown color. An 
uralkyd binder is often used in preparation of an architectural 
coating such as a varnish, an automotive refinish coating, or a 
combination thereof. Examples of a surface where an uralkyd 
coating may be applied include a furniture Surface, a wood 
Surface, or a floor Surface. 
0412 (iv) Water-Borne Alkyd Coatings 
0413. In general embodiments, an alkyd coating is a sol 
Vent-borne coating. However, an alkyd (e.g., a chemically 
modified alkyd) may be combined with a coupling solvent 
and water to produce a water-borne alkyd coating. Examples 
of a coupling solvent that may confer water reducibility to an 
alkyd resin includes ethylene glucol monobutyether, propy 
lene glycol monoethylether, propylene glycol monopropy 
lether, an alcohol whose carbon content is four carbon atoms 
(e.g., S-butanol), or a combination thereof. In certain embodi 
ments, a water-borne long oil alkyd coating may be selected 
as a stain, an enamel, or a combination thereof. In other 
embodiments, a water-borne medium oil alkyd coating may 
be selected as an enamel, an industrial coating, or a combi 
nation thereof. In further facets, a water-borne medium oil 
alkyd coating may undergo film formation by air oxidation. In 
other embodiments, a water-borne short oil alkyd coating 
may be selected as an enamel, an industrial coating, or a 
combination thereof. In further facets, a water-borne short oil 
alkyd coating may undergo film formation by baking. 
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0414 (3) Oleoresinous Binders 
0415. An oleoresinous binder is a type of binder prepared 
from heating a resin and an oil. Examples of a resin typically 
used in the preparation of an oleoresinous binder include 
resins obtained from a biological source (e.g., a wood resin, a 
bitumen resin); a fossil source (e.g., copal resin, a Kauri gum 
resin, a rosin resin, a shellac resin); a synthetic source (e.g., a 
rosin derivative resin, a phenolic resin, an epoxy resin); or a 
combination thereof. An example of an oil typically used in 
the preparation of an oleoresinous binder includes a vegetable 
oil, particularly an oil that is comprises a polyunsaturated 
fatty acid such as tung, linseed, or a combination thereof. The 
type of resin and oil used can identify an oleoresinous binder 
Such as a copal-tung oleoresinous binder, a rosin-linseed 
oleoresinous binder, etc. An oleoresinous binder generally are 
used in clear varnishes such as a lacquer, as well as in appli 
cations as a primer, an undercoat, a marine coating, or a 
combination thereof. In addition to the standards and analysis 
techniques previously described for an oil, standards for 
physical properties, chemical properties, and/or procedures 
for testing the purity/properties (e.g., glass transition tem 
perature, molecular weight, color stability) of a hydrocarbon 
resin (e.g., a synthetic source resin) for use in an oleoresinous 
binder or other coating component are described, for 
example, in “ASTM Book of Standards, Volume 06.03, 
Paint Pigments, Drying Oils, Polymers, Resins, Naval 
Stores, Cellulosic Esters, and Ink Vehicles. E28-99, D6090 
99, D6440-01, D6493-99, D6579-00, D6604-00, and D6605 
00, 2002. 
0416) Similar to alkyd resins, oleoresinous binders can be 
categorized by oil length as a short oil or long oil oleoresinous 
binder, depending whether oil length is 1% to 67% or 67% to 
99% oil, including all intermediate ranges and combinations 
thereof, respectively. Short oil oleoresinous binders generally 
dry fast and form relatively harder, less flexible films, and are 
used, for example, for floor varnishes. Long oil oleoresinous 
binders generally dry slower and form relatively more flexible 
films, and are used, for example, as an undercoat, exterior 
varnish, or combination thereof. 
0417 (4) Fatty Acid Epoxy Esters 
0418. In certain facets, an epoxy coating may be cured by 
fatty acid oxidation rather than epoxide moiety or hydroxyl 
moiety cross-linking reactions. A fatty acid epoxide ester 
resin is an ester of an epoxide resin and a fatty acid, which can 
be used to produce an ambient cure coating that undergoes 
film formation by oxidative reactions as an oil-based coating. 
In certain embodiments, an epoxy resin may be selected with 
an epoxy equivalent weight of 800 to 1000, including all 
intermediate ranges and combinations thereof. Short, 
medium, and long oil epoxide ester resins comprise 30% to 
50%, 50% to 70%, or 70% to 90% fatty acid esterification, 
including all intermediate ranges and combinations thereof, 
respectively, with similar, though sometimes Superior, prop 
erties relative to an analogous alkyd. An epoxide ester resin is 
inferior in chemical resistance than a film produced by an 
epoxy and a curing agent comprising an amine. An epoxy 
ester resin may be selected as a Substitute for an alkyd, a 
marine coating, an industrial maintenance coating, a floor 
topcoat, or a combination thereof. 
0419 b. Polyester Resins 
0420. A polyester resin (“polyester,” “oil-free alkyd') is a 
polyester chemical, other than an alkyd resin, capable as use 
as a binder. A polyester resin is chemically very similar to an 
alkyd, though the oil content is 0%. Consequently, a polyes 
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ter-coating does not form cross-linking bonds by fatty acids 
oxidation during thermosetting film formation, but rather is 
combined with an additional binder to form a cross-linked 
film. The selection of a polyester and additional binder com 
bination is generally determined by the polyester's crosslink 
able moieties. For example, a hydroxy-terminated polyester 
is a polyester produced by an esterification reaction compris 
ing a molar excess of a polyol, and may be crosslinked with a 
urethane, an amino resin, or a combination thereof. A 
hydroxy-terminated polyester's hydroxyl moiety may react 
with a urethane's isocyanate moiety Such as at ambient con 
ditions or low-bake conditions, while Such a polyester gener 
ally undergoes film formation at baking temperatures with an 
amino resin. In another example, a "carboxylic acid-termi 
nated polyester is a polyester produced by an esterification 
reaction comprisingan molar excess of a polycarboxylic acid, 
and may be crosslinked with a urethane, an amino resin, a 
2-hydroxylakylamide, or a combination thereof. 
0421. In general embodiments, a polyester-coating pos 
sesses Superior color retention, flexibility, hardness, weather 
ing, or a combination thereof, relative to an alkyd-coating. In 
Some embodiments, a polyester resin may be selected to 
produce a coating for a metal Surface. Generally, a polyester 
coating possesses a Superior adhesion property on a metal 
Surface than a thermosetting acrylic-coating. Often, a poly 
ester-coating is a thermosetting coating, particularly in 
embodiments for use upon a metal Surface. However, a poly 
ester-coating generally comprises an ester linkage that is 
Susceptible to hydrolysis, therefore, applications wherein 
Such a polyester-coating contacts water is less preferred. 
0422 A polyester resin is generally prepared by an acid 
catalyzed esterification of a polyacid (e.g., a polycarboxylic 
acid, an aromatic polyacid) and a polyalcohol. A "polyacid 
("polybasic acid) is a chemical comprising more than one 
acid moiety. Typically, a polyacid used in the preparation of a 
polyester comprise two acidic moieties, such as, for example, 
an aromatic dibasic acid, an anhydride of an aromatic dibasic 
acid, an aliphatic dibasic acid, or a combination thereof. 
Usually, a polyester resin comprises a plurality of polycar 
boxylic acids and/or polyalcohols, and Such a polyester resin 
is known herein as a "copolyester resin.” Examples of poly 
carboxylic acids commonly used to prepare a polyester resin 
includes adipic acid (AA'); azelic acid (AZA); dimerized 
fatty acid; dodecanoic acid; hexahydrophthalic anhydride 
(“HHPA): isophthalic acid (“IPA'); phthalic anhydride 
(“PA'); sebacid acid; terephthalic acid; trimellitic anhydride: 
or a combination thereof. Examples of a polyalcohol com 
monly used to prepare a polyester resin include 1,2-pro 
panediol; 1,4-butanediol; 1,4-cyclohexanedimethanol 
(“CHDM”); 1,6-hexanediol (“HD); diethylene glycol; eth 
ylene glycol; glycerol; neopentyl glycol (“NPG'); pen 
taerythitol (“PE); trimethylolpropane (“TMP); or a combi 
nation thereof. In certain embodiments, a polyester may be 
selected that has been synthesized by an acid catalyzed esteri 
fication reaction between a plurality of polyalcohols compris 
ing two hydroxy moieties (a 'diol), a polyalcohol compris 
ing three hydroxy moieties (a “triol), and a dibasic acid. An 
example of a diol includes 1,4-cyclohexanedimethanol; 1.6- 
hexanediol; neopentylglycol, or a combination thereof. An 
example of a triol includes trimethylolpropane. An example 
of a polyol comprising four hydroxy moieties (a “tetraol') 
includes pentaerythitol. In addition to the standards and 
analysis techniques previously described for an oil, an alkyd, 
a polyol, an acid anhydride standards for physical properties, 
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chemical properties, and/or procedures for testing the purity/ 
properties of an polyester are described, for example, in 
“ASTM Book of Standards, Volume 06.03, Paint Pigments, 
Drying Oils, Polymers, Resins, Naval Stores, Cellulosic 
Esters, and Ink Vehicles, D2690-98 and D3733-93, 2002. 
0423. The selection of a polyacid and/or a polyalcohol 
often affects a property of the polyester resin, such as the 
resistance of the polyester resin to hydrolysis, and similarly 
the water resistance of a coating and/or film comprising Such 
a polyester resin. In embodiments wherein a polyester-coat 
ing is desired with a Superior water resistance property rela 
tive to other types of polyester-coatings, it is preferred that the 
coating comprises a polyester prepared with a polyol that is 
more difficult to esterify, and thus generally more difficult to 
hydrolyze. Examples of Such polyols include neopentylgly 
col, trimethylolpropanel 4-cyclohexanedimethanol, or a 
combination thereof. 
0424. In general embodiments, a polyester-coating is a 
solvent-borne coating. However, a polyester suitable for a 
water-borne coating is known to one of ordinary skill in the 
art. A water-borne polyester-coating generally comprises a 
polyester resin, wherein the acid number of the polyester 
resin is 40 to 60 including all intermediate ranges and com 
binations thereof, and wherein the acid moieties have been 
neutralized by an amine, and wherein the coating comprises 
liquid component that comprises a co-solvent. An additional 
water-borne binder (e.g., an an amino resin) may be used to 
produce thermosetting film formation. In specific aspects, a 
water-borne polyester-coating produces a film of excellent 
hardness, gloss, flexibility, or a combination thereof. 
0425. In alternative embodiments, a polyester temporary 
coating (e.g., a non-film forming coating) may be produced, 
for example, by selection of a polyester that that comprises 
fewer or no crosslinkable moieties, selection of an addition 
binder that comprises fewer or no crosslinkable moieties, 
reducing the concentration of the polyester or additional 
binder, or a combination thereof. 
0426 c. Modified Cellulose Binders 
0427. In some embodiments, a chemically modified cel 
lulose molecule (“modified cellulose.” “cellulosic’) may be 
used as a coating component (e.g., a binder). Cellulose is a 
polymer of anhydroglucose monomers that is insoluble in 
water and organic solvents. Various chemically modified 
forms of cellulose with enhanced solubility have been used as 
a coating component. Examples of chemically modified cel 
lulose (“modified cellulose.” “cellulosic’) include a cellulose 
ester, a nitrocellulose, or a combination thereof. Examples of 
a cellulose ester include cellulose acetate (“CA), cellulose 
butyrate, cellulose acetate butyrate (“CAB), cellulose 
acetate propionate (“CAP), a hydroxyethyl cellulose, a car 
boxy methyl cellulose, cellulose acetobutyrate, ethyl cellu 
lose, or a combination thereof. A cellulose ester coating typi 
cally produces films with excellent flame resistance, 
toughness, clarity, or a combination thereof. In certain 
embodiments, a cellulose ester coating is selected as a top 
coat, a clear coating, a lacquer, or a combination thereof. A 
cellulose ester is often selected for embodiments wherein the 
coating comprises an automotive coating, a furniture coating, 
a wood Surface coating, cable coating, or a combination 
thereof. A cellulose ester coating may be a thermoplastic 
coating, a thermosetting coating, or a combination thereof. 
0428. A cellulose ester may be selected by the properties 
associated with the degree and/or type of esterification. Typi 
cally, solubility in a liquid component and/or combinability 
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with an addition binder is increased by partial esterification of 
an anhydroglucose's hydroxy moieties. For example, for a 
cellulose acetate butyrate, properties such as compatibility, 
diluent tolerance, flexibility (e.g., lower T), moisture resis 
tance, Solubility, or a combination thereof, increases with 
greater butyrate esterification. However, decreased hydroxyl 
content alters properties in a cellulose ester. For example, a 
cellulose acetate butyrate comprising a hydroxy content of 
1% or below has limited solubility in most solvents, while a 
hydroxy content of 5% or greater allows solubility in many 
alcohols, and the increased number of hydroxy moieties 
allows a greater degree of cross-linking reactions with bind 
erS Such as, for example, an amino binder, an an acrylic 
binder, urethane binder, or a combination thereof. A cellulose 
acetate butyrate acrylic-coating may be selected as lacquers, 
an automotive coating, a coating comprising a metallic pig 
ment (e.g., aluminum), or a combination thereof. A cellulose 
acetate butyrate acrylic-coating may comprise a liquid com 
ponent that comprises greater amounts of an aromatic hydro 
carbon solvent with the selection of a CAB with greater 
butyrate ester content. Though not a cellulosic, Sucrose esters 
may be similarly used as cellulose ester, particularly CAB. 
0429. In some embodiments, in a cellulose ester compris 
inganacetyl ester (e.g., comprises cellulose acetate, cellulose 
acetate butyrate, cellulose acetate propionate), the acetyl con 
tent will range from 0.1% to 40.5% acetate, including all 
intermediate ranges and combinations thereof. In certain 
aspects, the acetyl content of a cellulose acetate, a cellulose 
acetate butyrate, or a cellulose acetate propionate will range 
from 39.0% to 40.5%, 1.0% to 30.0%, or 0.3% to 3.0%, 
respectively, including all intermediate ranges and combina 
tions thereof, respectively. In many aspects, in a cellulose 
ester comprising a butyryl ester (e.g., cellulose acetate 
butyrate), the butyryl content will range from 15.0% to 55.0% 
butyryl, including all intermediate ranges and combinations 
thereof. In other aspects, in a cellulose ester comprising a 
propionyl ester (e.g., cellulose acetate propionate), the pro 
pionyl content will range from 40.0% to 47.0% propionyl, 
including all intermediate ranges and combinations thereof. 
In other embodiments, the hydroxyl content of a cellulose 
acetate, a cellulose acetate butyrate, or a cellulose acetate 
propionate will range from 0% to 5.0%, including all inter 
mediate ranges and combinations thereof. 
0430. A nitrocellulose (“cellulose nitrate”) resin com 
prises a cellulose molecule wherein a hydroxyl moiety has 
been nitrated. A nitrocellulose for use in a coating typically 
comprises an average of 2.15 to 2.25 nitrates per anhydroglu 
cose monomer, and is soluble in an ester, a ketone, or a 
combination thereof. Additionally, nitrocellulose is soluble in 
a combination of a ketone, an ester, and an alcohol and/or 
hydrocarbon. A nitrocellulose may be selected as a lacquer, 
an automotive primer, automotive topcoat, a wood topcoat, or 
a combination thereof. Nitrocellulose coatings are typically a 
thermoplastic coating. 
0431 Standard procedures for determining physical and/ 
or chemical properties (e.g., acetyl content, ash, apparent 
acetyl content, butyryl content, carbohydrate content, car 
boxyl content, color and haze, combined acetyl, free acidity, 
heat Stability, hydroxyl content, intrinsic viscosity, Solution 
Viscosity, moisture content, propionyl content, Sulfur content, 
Sulfate content, metal content), of a cellulose and/or a modi 
fied cellulose (e.g., cellulose acetate, cellulose acetate propi 
onate, cellulose acetate butyrate, methylcellulose, sodium 
carboxymethylcellulose, ethylcellulose, hydroxypropyl 
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methylcellulose, hydroxyethylcellulose, hydroxypropylcel 
lulose) have been described, for example, in ASTM Book of 
Standards, Volume 06.03, Paint Pigments, Drying Oils, 
Polymers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles. D1695-96 D817-96, D871-96, D1347-72, D1439 
97, D914-00, D2363-79, D2364-01, D5400-93, D1343-95, 
D1795-96, D2929-89, D3971-89, D4085-93, D1926-00, 
D4794-94, D3876-96, D3516-89, D5897-96, D5896-96, 
D6188-97, D1348-94, and D1696-95, 2002. Specific proce 
dures for determining purity/properties of a nitrocellulose 
(e.g., nitrogen content) have been described, for example, in 
“ASTM Book of Standards, Volume 06.03, Paint Pigments, 
Drying Oils, Polymers, Resins, Naval Stores, Cellulosic 
Esters, and Ink Vehicles. D301-95 and D4795-94, 2002. 
0432. In alternative embodiments, a modified cellulose 
temporary coating (e.g., a non-film forming coating) may be 
produced, for example, by selection of a modified cellulose 
that that comprises fewer or no crosslinkable moieties, selec 
tion of an addition binder that comprises fewer or no 
crosslinkable moieties, reducing the concentration of the 
modified cellulose or additional binder, or a combination 
thereof. 

0433 
0434. A polyamide (“fatty nitrogen compound,” “fatty 
nitrogen product’) is a reaction product of a polyamine and a 
dimerized and/or trimerized fatty acid. In typical embodi 
ments, a polyamide is an oligomer. An amide resin comprises 
a terminal amine moiety capable of cross-linking with an 
epoxy moiety, and it is particularly preferred that a polyamide 
binder is combined with an epoxide binder. In other aspects, 
a polyamide may be considered an additive (e.g., a curing 
agent, a hardening agent, a coreactant) of an epoxide coating. 
A polyamine-epoxy coating may be used as an industrial 
coating (e.g., an industrial maintenance coating), a marine 
coating, or a combination thereof. A polyamide-epoxide coat 
ing may be applied to a Surface Such as, for example, wood, 
masonry, metal (e.g., Steel), or a combination thereof. How 
ever, it is preferred that any Surface is thoroughly cleaned 
prior to application to promote adhesion. Such surface prepa 
ration are well known to those of ordinary skill in the art, and 
include, for example, removal of rust, degraded film, grease, 
etc. A polyamide-epoxy coating typically is a solvent-borne 
coating. Examples of solvents for a polyamide include an 
alcohol, an aromatic hydrocarbon, a glycol ether, a ketone, or 
a combination thereof. In certain embodiments, a polyamide 
epoxy coating may comprise a two-pack coating, wherein 
coating component(s) comprising the polyamide resin are 
stored in one container, and coating components comprising 
the epoxy resin are stored in a second container. Such a 
two-pack coating is admixed immediately before application, 
as the Stoichiometric mix ratio of resin is formulated to pro 
mote a rapid cure. However, in other embodiments, a polya 
mide-epoxy coating may be a single container coating. Such 
a solvent-borne polyamine-epoxy coating may beformulated 
for a storage life of a year or more. An aluminum and or 
stainless Steel container is Suitable, though a carbon steel 
container may alter coating and/or film color. However, Such 
a coating typically undergoes film formation in stages, 
wherein the liquid component is physically lost by evapora 
tion while thermosetting produces a physically durable film 
in about 8 to 10 hours, a chemically resistant film in three to 
four days, and final cross-linking completed in about three 
weeks. In some embodiments, a polyamine-epoxy coating 
may undergo chalking upon exterior weathering. 

d. Polyamide and Amidoamine Binders 
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0435 Though a polyamide is prepared from a fatty acid, it 
is not classified as an oil-based binder herein due to the 
chemistry offilm formation for polyamide binder. The dimer 
ized (“dibasic) or trimerized fatty acid generally comprises 
a polyunsaturated fatty acid, a monounsaturated fatty acid, or 
a combination thereof. In certain aspects, the fatty acid is a 
linseed oil fatty acid, soybean oil fatty acid, tall oil fatty acid, 
or a combination thereof. In specific facets, the fatty acid is an 
18-carbon fatty acid. However, to reduce the volatile organic 
compounds of solvent-borne coating, a polyamide binder 
may be partly or fully substituted, such as 0% to 100% sub 
stitution, including all intermediate ranges and combinations 
thereof, with an amidoamine binder. An amidomine binder 
differs from a polyamide binder by the use of a fatty acid 
rather than a dimerized fatty acid in the synthesis of the resin. 
The selection of the polyamine in the preparation of a polya 
mide can affect the properties of the polyamide. The 
polyamine may be linear (e.g., diethylenetriamine), branched 
or cyclic (e.g., aminoethylpiperazine). Standards for physical 
properties, chemical properties, and/or procedures for testing 
the purity/properties (e.g., amine value) of a polyamide and/ 
or an amidoamine are described, for example, in ASTM 
Book of Standards, Volume 06.03, Paint Pigments, Drying 
Oils, Polymers, Resins, Naval Stores, Cellulosic Esters, and 
Ink Vehicles. D2071-87, D2073-92, D2082-92, D2O72-92, 
D2074-92, D2075-92, D2076-92, D2077-92, D2078-86, 
D2079-92, D2080-92, D2081-92, and D2083-92, 2002. 
0436. In general embodiments, a polyamine comprises a 
polyethylene amine. A polyamide produced from diethylen 
etriamine can be prepared to comprise a varying amount, 
typically 35% to 85%, including all intermediate ranges and 
combinations thereof, of an imidazoline moiety. In other 
embodiments, the amount of amine moiety capable of cross 
linking with an epoxy moiety may vary from 100 to 400 
amine value, including all intermediate ranges and combina 
tions thereof. However, the amine value is converted into 
units known as “active hydrogen equivalent weight, which 
varies from 550 to 140, including all intermediate ranges and 
combinations thereof, for comparison to the epoxy resins 
epoxide equivalent weight for determining the Stoichiometric 
mix ratio of a polyamide-epoxy combination. The stoichio 
metric mix ratio affects coating and film properties. As the 
polyamide to epoxy Stoichiometric mix ratio increases from a 
ratio of less than one to a ratio of greater than one, properties 
Such as excellent impact resistance, excellent chemical resis 
tance, or a combination thereof, decrease while film flexibil 
ity increases. Examples of polyamide to epoxy Stoichiometric 
mix ratio include 2:1 to 1:2, including all intermediate ranges 
and combinations thereof. 

0437. In alternative embodiments, a polyamide and/or 
amidoamine temporary coating (e.g., a non-film forming coat 
ing) may be produced, for example, by selection of a polya 
mide and/or amidoamine that that comprises fewer or no 
crosslinkable moieties, selection of an addition binder that 
comprises fewer or no crosslinkable moieties, reducing the 
concentration of the polyamide and/or amidoamine or addi 
tional binder, selection of a stoichiometric ratio that is less 
Suitable for crosslinking reactions, or a combination thereof. 
0438 e. Amino Resins 
0439. An amino resin (“amino binder,” “aminoplast.” 
"nitrogen resin') is a reaction product of formaldehyde, an 
alcohol and a nitrogen compound Such as, for example, urea, 
melamine (“1:3.5 triamino triazine'), benzoguanamine, glu 
coluril, or a combination thereof. An amino resin may be used 
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to a thermosetting coating. An amino resin comprises an 
alkoxymethyl moiety capable of cross-linking with a 
hydroxyl moiety of an additional binder Such as an acrylic 
binder, an alkyd resin, a polyester binder, or a combination 
thereof, and it is preferred that an amino resin is combined 
with a binder that comprises a hydroxyl moiety in a coating. 
In aspects wherein the coating comprises an amino resin and 
an alkyd resin, it is preferred that the amino:alkyd resin ratio 
is 1:1 to 1:5, including all intermediate ranges and combina 
tions thereof. An amino resin coating typically is a solvent 
borne coating. Examples of solvents for an amino resin 
include an alcohol (e.g., butanol, isobutanol, methanol, iso 
propanol), a ketone, hydroxyl functional glycol ether, or a 
combination thereof. Additionally, an amino resin generally 
possesses limited Solubility in a hydrocarbon (e.g., Xylene), 
which may be added to a solvent-borne coating's liquid com 
ponent. In certain aspects, an amino resin coating may be a 
water-borne coating, wherein water is a solvent for an amino 
resin comprising a plurality of methylol moieties. In other 
embodiments, a water-borne amino resin coating may com 
prise a water-reducible coating, particularly wherein the liq 
uid component comprises a glycol ether, an alcohol, or a 
combination thereof. In certain embodiments, an amino coat 
ing comprises an acid catalyst. 
0440 Anamino resin coating generally is cured by baking 
at a temperature of 82° C. and 204°C., including all interme 
diate ranges and combinations thereof. Baking generally pro 
motes reactions between amino resins, though it does 
improve the reaction rate between an amino resin and an 
additional binder. It is preferred that in embodiments wherein 
the coating comprises an additional binder, the additional 
resin comprises less hydroxyl moieties and/or the amino resin 
is polar amino resin (e.g., a conventional amino resin) a when 
cured by baking than embodiments wherein an acid catalyst is 
used. An amino resin coating undergoes rapid film formation, 
typically lasting 30 seconds and 30 minutes, wherein a higher 
temperature and/or acid catalyst shortens film formation 
time. An amino resin prepared from urea is generally under 
goes film formation faster than an amino resin prepared from 
melamine. However, an amino resin coating generally pro 
duces an alcohol (e.g., methanol, butanol) and formaldehyde 
during film formation as byproducts. 
0441 Anamino resin for use in a coating may be classified 
by content of a liquid component (e.g., a solvent) as a high 
Solids amino resin or a conventional amino resin. The liquid 
component is generally used to reduce the viscosity of the 
resin for coating preparation. A high solids amino resin com 
prises 80% to 100%, by weight, an amino resin, with the 
balance a liquid component. A high solids amino resin is are 
relatively less polar, less polymeric, lower in Viscosity, or a 
combination thereof, relative to a conventional amino resin. 
The lower viscosity allows the use of little or no liquid com 
ponent. Additionally, a high Solids amino resin may be water 
soluble and/or water reducible. A conventional amino resin 
comprises less than 80% amino resin, by weight, with the 
balance a liquid component. Properties of a high solids or 
conventional amino resin selected for use in a coating such as 
the amount of amino resin and liquid component, the amount 
of unreacted formaldehyde in the resin preparation, the vis 
cosity of the resin, the ability of the resin to accept additional 
liquid component as a solvent, can be empirically determined 
by procedures known to those of ordinary skill in the art (see, 
for example, “ASTM Book of Standards, Volume 06.03, 
Paint Pigments, Drying Oils, Polymers, Resins, Naval 
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Stores, Cellulosic Esters, and Ink Vehicles. D4277-83, 
D1545–98, D1979-97, and D1198-93, 2002; and “ASTM 
Book of Standards, Volume 06.01, Paint Tests for Chemi 
cal, Physical, and Optical Properties: Appearance.” D2369 
01e1, 2002). 
0442. In embodiments wherein an amino resin coating 
comprise an amino resin prepared from urea, the coating may 
be used as wood coating (e.g., furniture coating), an industrial 
coating (e.g., an appliance coating), an automotive primer, a 
clear coating, or a combination thereof. However, an amino 
resin film, wherein the resin was prepared from urea, gener 
ally produces a film with poor resistance to moisture, and is 
preferred as an internal coating and/or as part of a multicoat 
system. In certain embodiments, an amino resin prepared 
from melamine, generally produces films with good resis 
tance to moisture, temperature, UV irradiation, or a combi 
nation thereof. A melamine-based amino coating may be 
applied to a metal Surface. In specific aspects, such a 
melamine amino resin coating may be an automotive coating, 
a coil coating, a metal container coating, or a combination 
thereof. In embodiments wherein an amino resin coating 
comprise an amino resin prepared from benzoguanamine, the 
film produced generally possesses poor weathering resis 
tance, good corrosion resistance, water resistance, detergent 
resistance, flexibility, hardness, or a combination thereof. A 
benzoguanamine amino resin may be used as an industrial 
coating, particularly for indoor applications (e.g., an appli 
ance coating). In embodiments wherein an amino resin coat 
ing comprise an amino resin prepared from, glycoluril, a 
higher baking temperature and/or acid catalyst may be used 
during film formation, but less byproducts may be released. A 
glycoluril-based amino-coating typically produces a film 
with excellent corrosion resistance, humidity resistance, or a 
combination thereof. A glycoluril-based amino-coating may 
be selected as a metal coating. 
0443) In alternative embodiments, an amino resin tempo 
rary coating (e.g., a non-film forming coating) may be pro 
duced, for example, by selection of an amino resin that that 
comprises fewer or no crosslinkable moieties, selection of an 
addition binder that comprises fewer or no crosslinkable moi 
eties, reducing the concentration of the amino resin and/or 
additional binder, selection of a binder ratio that is less suit 
able for crosslinking reactions, using a bake cured amino 
resin coating at temperatures less than is needed for curing 
(e.g., ambient conditions) or a combination thereof. 
0444 f. Urethane Binders 
0445. A urethane binder (“polyurethane binder,” “ure 
thane.” “polyurethane') is a binder comprising prepared from 
compounds that comprise an isocyanate moiety. The urethane 
binder's urethane moiety can form intermolecular hydrogen 
bonds between urethane binder polymers, and these non 
covalent bonds confer useful properties in a coating or film 
comprising an urethane binder. The hydrogen bonds can be 
broken by mechanical stress, but will reform, thereby confer 
ring a property of abrasion resistance. Additionally, a ure 
thane binder can form some hydrogen bonds with water, 
conferring a plasticizing property to the coating. In certain 
embodiments, a urethane binder comprises an isocyanate 
moiety. The isocyanate moiety is highly reactive (e.g., 
crosslinkable) with a moiety comprising a chemically reac 
tive hydrogen. Examples of a chemically reactive hydrogen 
moiety include a hydroxyl moiety, an amine moiety, or a 
combination thereof. Examples of an additional binder 
include a polyol, an amine, an epoxide, silicone, vinyl, phe 
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nolic, or a combination thereof. In certain embodiments, a 
urethane coating is a thermosetting coating. In specific 
aspects, a urethane coating comprises a catalyst (e.g., dibu 
tyltin dilaurate, Stannous octoate, Zinc octoate). In specific 
facets, the coating comprises 10 to 100 parts per million 
catalyst, including all intermediate ranges and combinations 
thereof. In some embodiments, such a coating will undergo 
film formation at ambient conditions or slightly greater tem 
peratures. A binder comprising an isocyanate moiety is often 
selected to produce a coating with durability in an external 
environment. A urethane coating typically possesses good 
flexibility, toughness, abrasion resistance, chemical resis 
tance, water resistance, or a combination thereof. Analiphatic 
urethane coating may be selected for the additional property 
of good lightfastness. 
0446. In general embodiments, a urethane binder may be 
selected based on the materials used in its preparation, which 
typically affect the urethane binder's properties. An example 
ofa urethane binder includes an aromatic isocyanate urethane 
binder, an aliphatic isocyanate urethane binder, or a combi 
nation thereof. Aliphatic isocyanate urethane binders are 
often selected for embodiments wherein a superior exterior 
durability, color stability, good lightfastness, or a combina 
tion thereof relative to an aromatic isocyanate binder is 
desired. Examples of an aliphatic isocyanate urethane binder 
includes a hydrogenated bis(4-isocyanatophenyl)methane 
(“4,4'dicyclohexylmethane diisocyanate.” “HMDI), HDI, a 
combination of 2,2,4-trimethylhexamethylene diisocyanate 
and 2,4,4-trimethyl hexamethylene diisocyanate (“TM 
HDI), 1,4-cyclohexane diisocyanate (“CHDI), isophorone 
diisocyanate (“3-isocyanatomethyl-3,5,5-trimethylcyclo 
hexyl isocyanate.” “IPDI), or a combination thereof. In cer 
tain aspects, a HDI derived binder is prepared from excess 
HDI reacted with water, known as “HDIbiuret.” In certain 
aspects, a HDI derived binder may be prepared from a 16 
hexamethylene diisocyanate isocyanurate, wherein Such a 
HDI derived binder produces a coating with generally supe 
rior heat resistance and/or exterior durability is desired rela 
tive to other HDI derived binders. As would be known to one 
of ordinary skill in the art, standards for physical properties, 
chemical properties, and/or procedures for testing the purity/ 
properties of urethane precursor components (e.g., toluene) 
and urethane resins (e.g., isocyanate moieties) for use in a 
coating are described, for example in ASTM Book of Stan 
dards, Volume 06.04, Paint Solvents; Aromatic Hydrocar 
bons. D5606-01, 2002; and “ASTM Book of Standards, 
Volume 06.03, Paint Pigments, Drying Oils, Polymers, 
Resins, Naval Stores, Cellulosic Esters, and Ink Vehicles.” 
D3432-89 and D2572-97, 2002. 
0447. In certain embodiments, a urethane coating com 
prises a urethane binder capable of a self-crosslinking reac 
tion. An example is a moisture-cure urethane, which com 
prises an isocyanate moiety. Contact between an isocyanate 
moiety and a water molecule produces an amine moiety 
capable of bonding with an isocyanate moiety of another 
urethane binder molecule in a linear polymerization reaction. 
In certain aspects, a moisture cure urethane coating is baked 
at 100° C. to 140°C., including all intermediate ranges and 
combinations thereof, to promote crosslinking reactions 
between the linear polymers. In certain embodiments, a mois 
ture-cure urethane coating is a solvent-borne coating. In spe 
cific aspects, a moisture-cure urethane coating comprises a 
dehydrator. In general aspects, moisture-cure urethane coat 
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ing typically is a one-packcoating, prepared for storage of the 
coating in anhydrous conditions. 
0448. In certain embodiments, an urethane coating com 
prises a blocked isocyanate urethane binder, wherein the iso 
cyanate moiety has been chemically modified by a hydrogen 
donor to be inert until contacted with a baking temperature. 
Such a blocked isocyanate urethane coating typically is a 
one-pack coating, as it is designed for stability at ambient 
conditions. Additionally, a blocked isocyanate urethane coat 
ing may be a powder coating. 
0449 In certain embodiments, a urethane coating com 
prises an additional binder. In certain embodiments, a ure 
thane may be combined with a binder Such as an amine, an 
epoxide, silicone, vinyl, phenolic, a polyol, or a combination 
thereof, wherein the binder comprises a reactive hydrogen 
moiety. In specific embodiments, selection of a second binder 
to crosslink with the urethane binder affects coating and/or 
film properties. In certain aspects, a coating comprising a 
urethane and an epoxide, vinyl, phenolic, or a combination 
thereof produces a film with good chemical resistance. In 
other aspects, a coating comprising a urethane and a silicone 
produces a coating with good thermal resistance. In some 
aspects, a coating comprises a urethane and a polyol. A pri 
mary hydroxyl moiety, secondary hydroxyl moiety, and ter 
tiary hydroxyl moiety of a polyol are respectively the fastest, 
moderate, and slowest to react with a urethane. Steric hin 
drance from a neighboring moiety may slow the reaction with 
a hydroxyl moiety. In an additional example, use of a polyol 
may increase flexibility of a urethane coating. Often, a 
selected polyol has a molecular weight from 200 Da to 3000 
Da, including all intermediate ranges and combinations 
thereof. Generally, a lower molecular weight polyol increases 
the hardness property, lowers the flexibility property, or a 
combination thereof, of a urethane polyol film. Examples of a 
polyol include a glycol, a triol (e.g., 1,4-butane-diol, diethyl 
ene glycol, trimethylolpropane), a tetraol, a polyester polyol. 
a polyether polyol, an acrylic polyol, a polylactone polyol, or 
a combination thereof. Examples of a polyether polyol 
include a poly (propylene oxide) homopolymer polyol, a poly 
(propylene oxide) and ethylene oxide copolymer polyol, or a 
combination thereof. 

0450. In certain embodiments, a urethane binder com 
prises a thermoplastic urethane binder. Typically, a thermo 
plastic urethane binder is from 40 kDa to 100 kDa, including 
all intermediate ranges and combinations thereof. In particu 
lar aspects, a thermoplastic urethane binder comprises little or 
no isocyanate moieties. In general aspects, a thermoplastic 
urethane coating is a solvent borne coating. In specific facets, 
a thermoplastic urethane coating is a lacquer, a high gloss 
coating, or a combination thereof. 
0451. In certain embodiments, a urethane binder is an 
urethane acrylate (“acrylated urethane') binder. An urethane 
acrylate binder generally comprises an acrylate moiety at an 
end of the polymeric binder. The acrylate moiety is typically 
part of an acrylate monomer, wherein the monomer com 
prises a hydroxyl moiety (e.g., a 2-hydroxy-ethyl acrylate). 
An urethane acrylate coating generally comprises another 
binder for crosslinking reactions. Examples of a Suitable 
binder include a triacrylate (e.g., teimethylolpropane). Aure 
thane acrylate coating generally also comprises a viscosifier, 
wherein the viscosifier reduces viscosity. Examples of such a 
Viscosifer include an acrylate monomer, a N-vinyl pyrroli 
done, or a combination thereof. Aurethane acrylate coating is 
cured by irradiation. Examples of irradiation include UV 
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light, electron beam, or a combination thereof. In embodi 
ments wherein UV light is a curing agent, a urethane acrylate 
coating typically comprises a photoinitiator. Examples of a 
Suitable initiator include 2.2,-diethoxyacetophenone, a com 
bination of benzophenone and an amine synergist, or a com 
bination thereof. In specific facets, an urethane acrylate coat 
ing is applied to a plastic Surface. In other facets, an urethane 
acrylate coating floor coating, an electronic circuit board 
coating, or a combination thereof. 
0452. In alternative embodiments, a urethane temporary 
coating (e.g., a non-film forming coating) may be produced, 
for example, by selection of a urethane resin that that com 
prises fewer or no crosslinkable moieties, selection of an 
addition binder that comprises fewer or no crosslinkable moi 
eties, reducing the concentration of the aurethane resin and/ 
or additional binder, using a bake cured a urethane resin 
coating at temperatures less than is needed for curing (e.g., 
ambient conditions), selection of size range for a thermoplas 
tic urethane resin coating that is less Suitable for film forma 
tion (e.g., 1 kDa to 40 kDa), or a combination thereof. 
0453 (1) Water-Borne Urethanes 
0454. The previous discussion of urethane coatings 
focused on solvent-borne urethane coating. A water-borne 
urethane coating typically is comprises a water-dispersible 
urethane binder such as a cationic modified urethane binder 
and/oranionic modified urethane binder. A cationic modified 
urethane binder is a urethane binder chemically modified by 
an diol comprising an amine. Such as, for example, diethano 
lamine, methyl diethanolamine, N.N-bis(hydroxyethyl)-O- 
aminopyridine, lysine, N-hydroxyethylpiperidine, or a com 
bination thereof. An anionic modified urethane binder is a 
urethane binder chemically modified by an diol comprising a 
carboxylic acid Such as dimethylolpropionic acid (2.2-bis 
(hydroxymethyl) propionic acid), dihydroxybenzoic acid, 
and/or a sulfonic acid (e.g., 2-hydroxymethyl-3-hydroxy 
propanesulfonic acid), or a combination thereof. 
0455 (2) Urethane Powder Coatings 
0456. A urethane powder coating refers to a polyester 
and/or acrylic coating, wherein the binder has been modified 
to comprise a urethane moiety. Such a coating is typically a 
thermosetting, bake cured coating, an industrial coating (e.g., 
an appliance coating), or a combination thereof. 
0457 g. Phenolic Resins 
0458. A phenolic resin (“phenolic binder,” “phenolic') is 
reaction product of a phenolic compound and an aldehyde. A 
preferred aldehyde is formaldehyde, and such a phenolic 
resin is known as a “phenolic formaldehyde resin” (“PF 
resin'). The properties of a phenolic resin are affected by the 
phenolic compound and reaction conditions used during Syn 
thesis. A resole resin (“resole phenolic') is prepared by a 
reaction of a molar excess of a phenolic compound with 
formaldehyde under alkaline conditions. A novolac resin 
(“novolac phenolic') is prepared by a reaction of a molar 
excess of formaldehyde with a phenolic compound under 
acidic conditions. Examples of phenolic compounds used in 
preparing a phenolic resin include phenol; orthocresol ("o- 
cresol”); metacresol, paracresol (p-cresol); a Xylenol (e.g., 
4-xylenol); bisphenol-A “2.2-bis (4-hydroxylphenyl)pro 
pane”; “diphenylol propane'); p-phenylphenol; p-tert-bu 
tylphenol; p-tert-amylphenol; p-tert-octyl phenol; p-non 
ylphenol; or a combination thereof. As would be known to 
one of ordinary skill in the art, standards for physical prop 
erties, chemical properties, and/or procedures for testing the 
purity/properties of various compounds used in phenolic res 
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ins (e.g., bisphenol A, a phenol, a cresol, formaldehyde) for 
use in a coating are described, for example in ASTM Book of 
Standards, Volume 06.04, Paint Solvents; Aromatic Hydro 
carbons. D6143-97, D3852-99, D4789-94, D2194-02, 
D2087-97, D2378-02, D2379-99, D2380-99, D1631-99, 
D6142-97, D4493-94, D4297-99, and D4961-99, 2002. As 
would be known to one of ordinary skill in the art, standards 
for physical properties, chemical properties, and/or proce 
dures for testing the purity/properties of phenolic resins for 
use in a coating are described, for example in ASTM Book of 
Standards, Volume 06.03, Paint Pigments, Drying Oils, 
Polymers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles, D1312-93, D4639-86, D4706-93, D4613-86 and 
D4640-86, 2002. 
0459. In alternative embodiments, a phenolic resin tempo 
rary coating (e.g., a non-film forming coating) may be pro 
duced, for example, by selection of a phenolic resin that that 
comprises fewer or no crosslinkable moieties, selection of an 
addition binder that comprises fewer or no crosslinkable moi 
eties, reducing the concentration of the a phenolic resin and/ 
or additional binder, using a bake cured a phenolic resin 
coating at temperatures less than is needed for curing (e.g., 
ambient conditions), or a combination thereof. 
0460 (1) Resole 
0461) A resole resin is the more commonly used PF resin. 
A solvent-borne phenolic formaldehyde coating typically 
comprises an alcohol, an ester, a glycol ether, a ketone, or a 
combination thereof, as a PF solvent. However, a phenolic 
resin prepared from phenolic compound comprising an alkyd 
moiety, such as, for example, p-tert-butylphenol p-tert 
amylphenol p-tert-octyl phenol, or a combination thereof, 
typically has solubility in an aromatic compound and/or able 
to tolerate an aliphatic diluent. Often, a phenolic-resin coat 
ing comprises an additional binder Such as an alkyd resin, an 
amino resin, a blown oil, an epoxy resin, a polyamide, a 
polyvinyl resin e.g., poly(vinyl butyral), or a combination 
thereof. An example of a phenolic-resin coating includes a 
varnish, an industrial coating, or a combination thereof. A 
phenolic resin-coating may be selected for embodiments 
wherein a film possessing solvent resistance, corrosion resis 
tant, of a combination thereof, is desired. Examples of Sur 
faces wherein such properties are often desirable include a 
Surface of a metallic container (e.g., a can, a pipeline, a drum, 
a tank), a coil coating, or a combination thereof. In specific 
aspects, a phenolic coating produces a film 0.2 to 1.0 mil 
thick, including all intermediate ranges and combinations 
thereof. In specific aspects, coating comprising a phenolic 
binder and additional binder undergoes thermosetting cross 
linking reactions between the binders during film formation. 
In certain embodiments, a phenolic-resin coating undergoes 
cure by baking, such as, for example, 135° C. to 204°C., 
including all intermediate ranges and combinations thereof. 
In specific aspects, a baking cure time is one minute to four 
hours, with shorter cure times at high temperatures. A phe 
nolic-resin film generally possesses excellent hardness prop 
erty (e.g., glass-like), excellent resistance to solvents, water, 
acids, salt, electricity, heat resistance, as well as thermal 
resistance up to 370°C. for a period of minutes. 
0462. However, a phenolic-resin film is poorly resistant to 
alkali unless made from a coating that also comprised an 
epoxy binder. In certain embodiments, a phenolic-epoxy 
coating comprises a binder ratio of 15:85 to 50:50 phenolic 
binder:epoxy binder, including all intermediate ranges and 
combinations thereof. In certain aspects, a phenolic-epoxy 
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coating possesses Superior flexibility, toughness, or a combi 
nation thereof relative to a phenolic coating. In specific facets, 
a phenolic-epoxy coating is cured at 200° C. for 10 to 12 
minutes. 
0463. In other aspects, a phenolic coating comprises a 
blown oil, an alkyd, or a combination thereof. In some 
aspects. Such a coating comprises a phenolic resin prepared 
from p-tert-butylphenol p-tert-amylphenol p-tert-octyl phe 
nol, or a combination thereof. In specific aspects, such a 
coating is applied to electrical coil, electrical equipment, or a 
combination thereof. 
0464) (2) Novolak 
0465. In other aspects, wherein a film is desired, it novolak 
coating may be used. However, a novolak resin is generally a 
non-film forming resin. In is particularly preferred that the 
coating comprise an epoxy resin. It is also preferred that the 
coating comprise a basic catalyst. A film produced from Such 
a novolak-epoxy coating typically possesses good resistance 
to chemicals, water, heat, or a combination thereof. In specific 
facets, a novolak-epoxy coating may be a high solids coating, 
a powder coating, a pipeline coating, or a combination 
thereof. 
0466. A novolak resin prepared from phenolic compound 
comprising an alkyd moiety Such as p-tert-butylphenol p-tert 
amylphenol p-tert-octyl phenol, or a combination thereof, 
typically has solubility in an oil. Additionally, a PF resin may 
be modified by reaction with an oil to produce an oil modified 
PF resin, which is also oil soluble. An alkyd phenol-formal 
dehyde resin, an oil modified phenol-formaldehyde resin, is 
generally a non-film forming resin. A coating capable of 
producing a film may be formulated by combining Such a 
resin with a drying oil, an alkyd, or a combination thereof. In 
specific aspects, an alkyd phenol-formaldehyde resin, an oil 
modified phenol-formaldehyde resin undergoes cross-link 
ing with an oil and/or an alkyd. Such a coating may further 
comprise a liquid component (e.g., a solvent), a drier, a UV 
absorber, an anti-skinning agent, or a combination thereof. In 
certain facets, such a coating undergoes film formation under 
ambient conditions or by baking. In particular aspects, such a 
coating comprises a varnish, a wood coating, or a combina 
tion thereof. In specific facets, such a coating comprises a 
pigment. 
0467 h. Epoxy Resins 
0468. An epoxy resin (“epoxy binder,” “epoxy') is a com 
pound comprising an epoxide ('oxirane') moiety. An 
epoxide resin may be used in a thermosetting coating, ther 
moplastic coating, or a combination thereof. An epoxide coat 
ing typically is a solvent borne coating, though examples of a 
water-borne and powder epoxy coating are described herein. 
An epoxide coating generally possesses excellent properties 
of adhesion, corrosion resistance, chemical resistance, or a 
combination thereof. An epoxide coating may be selected for 
various Surfaces, particularly a metal Surface. 
0469 An epoxide resin (e.g., a bisphenol A epoxy resin) 
generally comprises one or two epoxide moieties per resin 
molecule. An epoxide resin may additionally comprise a 
monomer, oligomer, or polymer of repeating chemical units, 
each generally lacking an epoxide moiety, but comprising a 
hydroxy moiety. The number of monomer(s) present is 
expressed 'n' value, wherein an average increase of one 
monomer per epoxide resin molecule increase the n value by 
one. The chemical and/or physical properties of an epoxide 
resin are affected by the n value. For example, as the n value 
increases, the chemical reactions selected for film formation 
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in a thermosetting coating may become more dominated by 
reactions with the increasing numbers of hydroxyl moieties, 
and less dominated by the epoxide moieties. Often, an 
epoxide resin is classified by an epoxide equivalent weight, 
which is the grams of resin required to provide 1 M epoxide 
moiety equivalent. In certain embodiments, the epoxide 
equivalent weight is 182 to 3050, including all intermediate 
ranges and combinations thereof. Additionally, an epoxide 
resin may be used in a thermoplastic coating, particularly 
wherein the n value is greater than 25. In certain embodi 
ments, an epoxide resin may possess an in value of 0 to 250, 
including all intermediate ranges and combinations thereof. 
As would be known to one of ordinary skill in the art, stan 
dards for physical properties, chemical properties, and/or 
procedures for testing the purity/properties of epoxy resins 
(e.g., epoxy moiety content) for use in a coating are described, 
for example in “ASTM Book of Standards, Volume 06.03, 
Paint Pigments, Drying Oils, Polymers, Resins, Naval 
Stores, Cellulosic Esters, and Ink Vehicles. D4142-89, 
D1652-97, D1726-90, D1847-93, and D4301-84, 2002. 
0470 An epoxide moiety is chemically reactive with a 
variety of other moieties, such as, for example, an amine, a 
carboxyl, a hydroxyl or a phenol. An epoxide coating may 
comprise an additional binder capable of undergoing a cross 
linking reaction with the epoxide during film formation. Vari 
ous such additional binders are known to those of ordinary 
skill in the art, and are often referred to as a "curing agent” or 
“hardener. The selection of a curing agent and/or an epoxide 
can affect whether the coating undergoes film formation at 
ambient conditions or by baking. 
0471. In alternative embodiments, an epoxide resin tem 
porary coating (e.g., a non-film forming coating) may be pro 
duced, for example, by selection of an epoxide resin that that 
comprises fewer or no crosslinkable moieties, selection of an 
addition binder that comprises fewer or no crosslinkable moi 
eties, reducing the concentration of the an epoxide resin and/ 
or additional binder, using a bake cured an epoxide resin at 
temperatures less than is needed for curing (e.g., ambient 
conditions), not irradiating the coating, or a combination 
thereof. 

0472 (1) Ambient Condition Curing Epoxies 
0473. In certain embodiments, a curing agent suitable for 
curing at ambient conditions comprises an amine moiety Such 
as a polyamine adduct, which is an epoxy resin modified to 
comprise an amine moiety, a polyamide, a ketimine, an ali 
phatic amine, or a combination thereof. Examples of an ali 
phatic amine include ethylene diamine (“EDA), diethylene 
triamine (“DETA), triethylene tetraamine (“TETA'), or a 
combination thereof. Selection of a polyamine adduct gener 
ally produces a film with excellent solvent resistance, corro 
sion resistance, acid resistance, flexibility, impact resistance, 
or a combination thereof. Selection of a polyamide generally 
produces a film with Superior adhesion, particularly to a moist 
or poorly prepared surface, good solvent resistance, excellent 
corrosion resistance, good acid resistance, Superior flexibility 
retention, Superior impact resistance retention, or a combina 
tion thereof. A ketimine is a reaction product of a primary 
amine and a ketone, and produces a coating and/or film with 
similar properties as a polyamine or amine adduct. However, 
the pot life is longer with a ketimine, and moisture (e.g., 
atmospheric humidity) activates this cure agent. Examples of 
an epoxide selected for curing at ambient conditions includes 
a low mass epoxide resins with an in value from 0 to 2.0, 
including all intermediate ranges and combinations thereof. 
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In certain embodiments, an epoxy resin may be selected with 
an epoxy equivalent weight of 182 to 1750, including all 
intermediate ranges and combinations thereof. In specific 
aspects, the greater the n value of an epoxide resin, the longer 
the pot life in a two-pack coating, the greater the coating 
leveling property, the lower the film solvent resistance, the 
lower the film chemical resistance, the greater the film flex 
ibility, or a combination thereof. In certain aspects, an ambi 
ent curing epoxide coating is a two-pack coating, wherein the 
epoxide resin is in one container and the curing agent in a 
second container. In typical aspects, the pot life upon admix 
ing the coating components is two hours to two days. An 
ambient cure epoxide may be selected for an industrial coat 
ing (e.g., industrial maintenance coating), a marine coating, 
an aircraft primer, a pipeline coating, a HIPAC, or a combi 
nation thereof. 
0474 (2) Bake Curing Epoxies 
0475. In other embodiments, a curing agent suitable for 
curing by baking includes an amino resin (e.g., a urea or 
melamine-based amino resin), a phenolic resin, or a combi 
nation thereof. Since baking is generally needed to promote 
film formation, an epoxy coating comprising Such a curing 
agent typically is a one-pack coating. In certain embodi 
ments, an epoxy resin may be selected with an epoxy equiva 
lent weight of 1750 to 3050, including all intermediate ranges 
and combinations thereof. An epoxy resin coating that com 
prises an amino resin cure agent typically is selected for a 
lower cure temperature. Such a coating may be selected as a 
can coating, a metal coating, an industrial coating (e.g., 
equipment, appliances), or a combination thereof. An epoxy 
coating comprises an phenolic resin cure agent typically pos 
sesses greater chemical resistance and/or solvent resistance, 
and is typically selected for a can coating, a pipeline coating, 
a wire coating, an industrial primer, or a combination thereof. 
Examples of an epoxide selected for curing by baking 
includes a higher mass epoxide resins with an in value from 
9.0 to 12.0, including all intermediate ranges and combina 
tions thereof. In certain embodiments, a heat-cured epoxy 
coating is a water-borne coating. Such a water-borne coating 
comprises a higher mass epoxide resin modified to comprise 
a terpolymer that comprises monomers of Styrene, meth 
acrylic, acrylate, or a combination thereof, and an amino 
resin, a phenolic resin, or a combination thereof. Such a 
water-borne coating is typically selected as a can coating. 
0476 (3) Electrodeposition Epoxies 
0477 Another example of a water-borne epoxide coating 

is an electrodeposition epoxy coating. In certain embodi 
ments, an epoxy resin may be selected with an epoxy equiva 
lent weight of 500 to 1500, including all intermediate ranges 
and combinations thereof. An anionic and/or cationic epoxy 
resin is electrically attracted to a Surface for application. The 
Surface removed from the coating bath, and the coating is 
baked cured into a film upon the surface. Such a water-borne 
coating may be selected for an automotive primer, described 
elsewhere herein. 
0478 (4) Powder Coating Epoxies 
0479. An epoxy coating may be a powder coating, wherein 
the various nonvolatile coating components are admixed. 
Examples of typical admixed components include an epoxy 
resin, a curing agent, and a pigment, an additive, or a combi 
nation thereof. In certain embodiments, an epoxy resin may 
be selected with an epoxy equivalent weight of 550 to 750, 
including all intermediate ranges and combinations thereof. 
The mixture is then melted, cooled, and powderized. The 
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powder coating is typically applied by attraction to an elec 
trostatic charge of a Surface. The thermosetting coating is 
cured by baking. An epoxy powder coating may be selected as 
a pipe coating, an electrical devise coating, an industrial 
coating (e.g., appliance coating, automotive coating, furni 
ture coating), or a combination thereof. 
0480 
0481. A cycloaliphatic epoxy binder possesses a ring 
structure, rather than the linear structure for the epoxy 
embodiments described above. Examples of a cycloaliphatic 
epoxide is ERL-4221 ("3,4-epoxycyclohexylmethyl 3,4-ep 
oxycyclohexane carboxylate'), which has an epoxy equiva 
lent weight of 131 to 143, bis(3,4-epoxycyclohexylmethyl) 
adipate, which has an epoxy equivalent weight of 190 to 210, 
2-(3,4-epoxycyclohexyl-5.5-spiro-3,4-epoxy)cyclohexane 
m-dioxane, which has an epoxy equivalent weight of 133 
154, 1-vinyl-epoxy-3,4-epoxycyclohexane, which has an 
epoxy equivalent weight of 70 to 74, or a combination thereof. 
Usually, a cycloaliphatic epoxy coating is combined with 
another binder, Such as a polyol, a polyol modified to com 
prise a carboxyl moiety, or a combination thereof. An acid 
may be used to initiate crosslinking, particularly with a 
polyol. A cycloaliphatic epoxy polyol coating may comprise 
a triflic acid salt (e.g., diethylammonium triflate) to produce a 
one-pack coating with a pot life of up to eight months. In 
certain embodiments, a cycloaliphatic epoxy coating is a UV 
radiation cured coating, wherein the coating comprises a 
compound that converts to a strong acid upon UV irradiation 
(e.g., an onium salt). In certain aspects, a UV radiation cured 
cycloaliphatic epoxy coating is a one-pack coating. A UV 
radiation cured cycloaliphatic epoxy coating generally pos 
sesses excellent flame resistance, water resistance, or a com 
bination thereof, and may be selected as a can coating or an 
electrical equipment coating. A compound comprising a car 
boxyl moiety (e.g., a carboxyl modified polyol) readily 
crosslinks with a cycloaliphatic epoxy binder. However, such 
a cycloaliphatic epoxy coating comprising Such an additional 
binder generally has a short pot life (e.g., less than eight 
hours). In certain aspects, a cycloaliphatic epoxy carboxylic 
acid binder coating is a two-pack coating. A cycloaliphatic 
epoxy carboxylic acid polyol coating generally possesses 
excellent adhesion, toughness, gloss, hardness, Solvent resis 
tance, or a combination thereof. 

(5) Cycloaliphatic Epoxies 

0482 i. Polyhydroxyether Binders 
0483. A polyhydroxyether binder (“polyhydroxyether 
resin.” “phenoxybinder,” “phenoxy') chemically resembles a 
bisphenol A epoxy resin, though a polyhydroxyether binder 
lacks an epoxide moiety, and about 30 kDa in size. A poly 
hydroxyether coating is typically a thermoplastic coating. 
The polyhydroxyether binder comprises a hydroxyl moiety, 
and can be cross-linked with an additional binder Such as an 
epoxide, a polyurethane comprising an isocyanate moiety, an 
amino resin, or a combination thereof. A thermosetting poly 
hydroxyether coating typically possesses excellent physical 
resistance properties, excellent chemical resistance, modest 
Solvent resistance, or a combination thereof. In alternative 
embodiments, a polyhydroxyether binder temporary coating 
(e.g., a non-film forming coating) may be produced, for 
example, by selection of a polyhydroxyether binder that that 
comprises fewer or no crosslinkable moieties, selection of an 
addition binder that comprises fewer or no crosslinkable moi 
eties, reducing the concentration of the a polyhydroxyether 
binder and/or additional binder, or a combination thereof. 
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0484 j. Acrylic Resins 
0485 An acrylic resin (“acrylic polymer,” “acrylic 
binder,” “acrylic') is a binder comprising a polymer of an 
acrylate ester monomer, a methacrylate ester monomer, or 
combination thereof. An acrylic-coating generally possesses 
a Superior property of water resistance and/or exterior use 
durability than a polyester-coating. Other properties that an 
acrylic-coating typically possesses include color stability, 
chemical resistance, resistance to a UV light, or a combina 
tion thereof. An acrylic resin may further comprise an addi 
tional monomer to confer a desirable property to the resin, 
coating and/or film. For example, a styrene, a vinyltoluene, or 
a combination thereof, generally improve alkali resistance. 
Examples of Such properties include the acrylic resin's 
chemical reactivity (e.g., cross-linkability), acidity, alkalin 
ity, hydrophobicity, hydrophilicity, glass transition tempera 
ture, or a combination thereof. However, a thermoplastic 
acrylic film generally possesses poor solvent (e.g., acetone, 
toluene) resistance. Like other thermoplastic films, a thermo 
plastic acrylic film is generally easy to repair by application of 
additional acrylic coating to an area of Solvent damage. An 
acrylic-coating is often Suitable for various Surfaces (e.g., 
metal), and examples of Such coatings include an aerosol 
lacquer, an automotive coating, an architectural coating, a 
clear coating, a coating for external environment, an indus 
trial coating, or a combination thereof. An acrylic resin may 
be used to prepare a thermoplastic coating, a thermosetting 
coating, or a combination thereof. In certain aspects, an 
acrylic-coating is selected for use as a thermosetting coating, 
particularly in embodiments for use upon a metal Surface. 
Acrylic resins generally are soluble in a solvent with a similar 
solubility parameter. Examples of solvents typically used to 
dissolve an acrylic resin include an aromatic hydrocarbon 
(e.g., toluene, a Xylene); a ketone (e.g., methyl ethyl ketone), 
an ester, or a combination thereof. 
0486 The thermoplastic and/or thermosetting properties 
of an acrylic resin are related to the monomers that are com 
prised in the selected resin. Examples of an acrylate ester 
monomer include a butylacrylate, an ethylacrylate (“EA), 
ethylhexylacrylate (“EHA), or a combination thereof. 
Examples of a methacrylate ester monomer include a butyl 
methacrylate (“BMA'), an ethylmethacrylate, a methyl 
methacrylate ("MMA"), or a combination thereof. Standards 
for physical properties, chemical properties, and/or proce 
dures for empirically determining the purity/properties of 
various acrylic monomers (e.g., acrylate esters, 2-ethylhexyl 
acrylate, n-butyl acrylate, ethyl acrylate, methacrylic acid, 
acrylic acid, methyl acrylate) are known to those of ordinary 
skill in the art (see, for example, ASTM Book of Standards, 
Volume 06.04, Paint Solvents; Aromatic Hydrocarbons.” 
D3362-93, D3125-97, D4415-91, D3541-91, D3547-91, 
D3548-99, D3845-96, D4416-89, and D4709-02, 2002). 
0487. In alternative embodiments, an acrylic resin tempo 
rary coating (e.g., a non-film forming coating) may be pro 
duced, for example, by selection of an acrylic resin that that 
comprises fewer or no crosslinkable moieties, selection of an 
addition binder that comprises fewer or no crosslinkable moi 
eties, reducing the concentration of the an acrylic resin and/or 
additional binder, using a bake cured an acrylic resin coating 
at temperatures less than is needed for curing (e.g., ambient 
conditions), selection of size range for a thermoplastic acrylic 
resin coating that is less Suitable for film formation (e.g., 1 
kDa to 75 kDa), selection of a thermoplastic acrylic resin with 
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T that is lower than the temperature ranges herein and/or 20° 
C. lower than the temperature range of use, or a combination 
thereof. 

0488 
0489 Astrait acrylic resin (“strait acrylic polymer,” “strait 
acrylic binder) is a homopolymer or copolymer comprising 
an acrylate ester monomer and/or a methacrylate ester mono 
mer. A strait acrylic resin may be used to formulate a thermo 
plastic coating, as cross-linking reactions are absent or lim 
ited without additional reactive moieties in the monomers. 
Generally, a thermoplastic film produced from an acrylic 
resin-coating will possess a lower elongation, an increased 
hardness, an increased tensile strength, greater UV resistance 
(e.g., chalk resistance), color retention, a greater T or a 
combination thereof, with increasing methacrylate ester 
monomer content in the acrylic resin. However, the ester of a 
monomer may comprise various alcohol moieties, and an 
alcohol moiety of larger size generally reduces the T. 
Examples a T value for a homopolymer strait acrylic resins 
with the include -100° C., poly(octadecyl methacrylate); 
–72°C., poly(tetradecyl methacrylate); -65°C., poly(lauryl 
methacrylate); -60° C., poly(hepty1 acrylate); -60°C., poly 
(n-decyl methacrylate); -55°C., poly(n-butyl acrylate); -50° 
C., poly(2-ethoxyethyl acrylate); -50° C., poly(2-ethylbutyl 
acrylate); -50°C., poly(2-ethylhexyl acrylate); -45°C., poly 
(propyl acrylate); -43°C., poly(isobutyl acrylate); -38°C., 
poly(2-hepty1 acrylate); -24°C., poly(ethyl acrylate); -20° 
C., poly(n-octyl methacrylate); -20°C., poly(sec-butyl acry 
late); -20° C., poly(ethylthioethyl methacrylate); -10° C. 
poly(2-ethylhexyl methacrylate); -5°C., poly(n-hexylmeth 
acrylate); -3°C., poly(isopropyl acrylate); 6° C., poly(m- 
ethyl acrylate); 11° C., poly(2-ethylbutyl methacrylate); 16° 
C., poly(cyclohexyl acrylate); 20°C., poly(n-butyl methacry 
late); 35°C., poly(hexadecyl acrylate); 35°C., poly(n-propyl 
methacrylate); 43° C., poly(t-butyl acrylate); 53° C., poly 
(isobutyl methacrylate); 54°C., poly(benzyl methacrylate); 
60° C., poly(sec-butyl methacrylate); 65° C., poly(ethyl 
methacrylate); 79° C., poly(3,3,5-trimethylcyclohexyl 
methacrylate): 81° C., poly(isopropyl methacrylate); 94° C. 
poly(isobornyl acrylate); 104°C., poly(cyclohexylmethacry 
late); 105° C., poly(methyl methacrylate); 107°C., poly(t- 
butyl methacrylate); and 110°C., poly(phenyl methacrylate). 
Additionally, an estimated Tofa copolymer comprising one 
or more monomers of an acrylate and/or methylacrylate 
monomer can be made by using the following equation: 
1/TW/T +W/T, wherein W, and W are the are the 2s 

molecular weight ratios of the first and second monomer, 
respectively; and wherein T and T are glass transition 
temperatures of the first and second monomer, respectively 
(Fox, T. G., 1956). For many embodiments (e.g., solvent 
borne coatings), it is contemplated that a T of 40° C. to 60° 
C., including all intermediate ranges and combinations 
thereof, will be suitable. 
0490 The thermoplastic properties of an acrylic resin are 
also related to the molecular mass of the selected resin. 
Increasing the polymer size of an acrylic resin promotes 
physical polymer entanglement during film formation. Typi 
cally, a thermoplastic film produced from an acrylic-coating 
will possess a lower flexibility, an increased exterior durabil 
ity, an increased hardness, an increased solvent resistance, an 
increased tensile strength, a greater T or a combination 
thereof, with increasing polymer size of the acrylic resin. 
However, increasing polymer size of an acrylic resin gener 
ally increases viscosity of a solution comprising a dissolved 

(1) Thermoplastic Acrylic Resins 
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acrylic resin, which may make application to a Surface more 
difficult, Such as cobwebbing of coating during spray appli 
cation and the changes of film properties generally will reach 
a plateau at 100kDa. In most embodiments, it is contemplated 
that an acrylic resin will range in mass from 75 kDa to 100 
kDa, including all intermediate ranges and combinations 
thereof. 
0491 Examples of such a thermoplastic acrylic-coating 
include a lacquer. In specific facets, the lacquer possesses a 
good, high, or spectacular gloss. In specific aspects, such a 
thermoplastic acrylic-coating further comprises a pigment. In 
specific aspects, a wetting agent is less preferred in a coating 
comprising an acrylic resin and a pigment, due to the ease of 
dispersion of a pigment with an acrylic resin. In certain 
aspects, a thermoplastic acrylic-coating may be selected to 
coat a metal Surface, a plastic Surface, or a combination 
thereof. However, in particular aspects, a thermoplastic 
acrylic coating is an automotive coating. Such an automotive 
coating may comprise an acrylic binder with a high tempera 
ture T to produce a film of Sufficient durability (e.g., hard 
ness) for external use and contact with heated Surfaces. In 
certain aspects, a thermoplastic acrylic coating comprises a 
binder with a T to 90° C. to 110° C., including all interme 
diate ranges and combinations thereof. In additional aspects, 
an automotive coating comprises a plasticizer, a metallic pig 
ment, or a combination thereof. In specific aspects, a binder 
for an automotive coating comprises a methylmethacrylate 
ester monomer. In specific facets, an automotive coating com 
prises poly(methyl methacrylate). 
0492 (2) Water-Borne Thermoplastic Acrylic Coatings 
0493. The thermoplastic acrylic coatings described above 
are solvent-borne coatings. In other embodiments, a thermo 
plastic acrylic resin may be a waterborne coating. A water 
borne acrylic ('acrylic latex) typically is an emulsion, 
wherein the acrylic binder is dispersed in the liquid compo 
nent. In general embodiments, an emulsifier (e.g., a Surfac 
tant) promotes dispersion. In certain embodiments, an acrylic 
latex coating comprises 0% to 20% coalescent per weight of 
binder. In most embodiments, it is contemplated that a water 
borne acrylic resin will range in mass from 100 kDa to 1000 
kDa, including all intermediate ranges and combinations 
thereof. In certain embodiments, a water-borne acrylic coat 
ing comprises an associative thickener ("rheology modifier”), 
which may enhance flow, brushability, Splatter resistance, 
film build, or a combination thereof. A water-borne acrylic 
may be selected as an architectural coating. An associative 
thickener forms a network with acrylic resin latex particles by 
hydrophobic interactions. Hydroxyethyl cellulose (“HEC) 
changes the coating rheology by promoting flocculation, 
which tends to reduce gloss, flow, or a combination thereof. 
Selection of an acrylic resin with Smaller size, greater hydro 
phobicity, or a combination thereof, and an associative thick 
ener may produce higher gloss, betterflow, lower roller splat 
ter, or a combination thereof. 
0494 (i) Architectural Coatings 
0495 A flat interior coating typically comprises a vinyl 
acetate and a lesser amount of acrylate (e.g., butyl acrylate) 
monomers, which generally produces a film with Suitable 
scrub resistance. A copolymer of acrylate and methacrylate 
may be selected for a semigloss or gloss coating. In certain 
embodiments, the acrylate resin has a T to 20° C. to 50° C. 
including all intermediate ranges and combinations thereof. 
In some aspects. Such a coating generally possesses good 
block resistance good print resistance, or a combination 



US 2010/0248334 A1 

thereof. An acrylic resin that comprises a monomer that com 
prises a ureide moiety may be selected for enhanced film 
adhesion (e.g., to a coated Surface), blistering resistance, or a 
combination thereof. Anacrylic resin that comprises a styrene 
monomer may be selected for enhanced film water resistance. 
0496 An exterior latex coating typically produces a film 
with greater flexibility than an interior latex due to tempera 
ture changes and/or dimensional movement of a substrate 
(e.g., wood). In certain embodiments, the acrylic resin has a 
T to 10° C. to 35° C., including all intermediate ranges and 
combinations thereof. The selection of a T. may be influences 
by the selection of the amount particulate material (e.g., pig 
ment) in the coating to achieve a particular visual appearance. 
For example, a higher the pigment volume content (PVC) 
that is typically selected to reduce gloss. However, to retain 
properties such as flexibility, a binder with a lower a T. may 
be selected for combination with the higher PVC. For 
example, flat exterior latex a coating generally possesses a 
pigment volume content of 40% to 60% and a T of 10° C. to 
15° C., including all intermediate ranges and combinations 
thereof, respectively. In another example, a semigloss or gloss 
exterior latex binder of a coating generally possesses a T of 
20°C. to 35°C., including all intermediate ranges and com 
binations thereof, respectively. In other embodiments, the 
exterior latex binder particle size is selected to be relatively 
small such as 90 nm to 110 nm, including all intermediate 
ranges and combinations thereof. In certain facets, a smaller 
latex particle size promotes adhesion of the coating and/or 
film, particularly to a surface that comprises a degraded (e.g., 
chalking) film. In certain other embodiments, a larger latex 
particle size may be selected to increase the coating and/or 
film's build (e.g., thickness). In certain aspects, a larger latex 
particle size ranges from, for example 325 nm to 375 nm, 
including all intermediate ranges and combinations thereof. 
0497 
0498. A water-borne thermoplastic acrylic latex industrial 
coating typically comprises a binder with a T of 30°C. to 70° 
C., including all intermediate ranges and combinations 
thereof. Such a coating typically is applied to a metal Surface, 
and thus often further comprises a Surfactant, an additive, or 
a combination thereof to improve an anti-corrosion property. 
In specific aspects, the industrial coating comprises an anti 
corrosion pigments, anti-corrosion pigment enhancers, or a 
combination thereof. In contrast, a water-borne acrylic latex 
industrial maintenance coating typically is similar to an exte 
rior flat architectural coating in selection of binders, though 
they preferably comprise anti-corrosion pigments, anti-cor 
rosion pigment enhancers, and other anti-corrosion compo 
nents for use on a metal Surface. 

0499 
0500 Unless otherwise noted, the following thermoset 
ting acrylic resins and/or coatings are preferably solvent 
borne coatings. In certain embodiments an acrylic coating 
comprises a thermosetting acrylic resin. A thermosetting 
acrylic coating typically possesses Superior hardness, Supe 
rior toughness, Superior temperature resistance, Superior 
resistance to a solvent, Superior resistance to a stain, Superior 
resistance to a detergent, higher application of solids, relative 
to a thermoplastic acrylic coating. The average size of a 
thermosetting acrylic resin is typically less thanathermoplas 
tic acrylic resin, which promotes a relatively lower viscosity 
and/or higher application of solids in a solution comprising a 
thermosetting acrylic resin. In certain embodiments, a ther 
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mosetting acrylic resin is from 10 kDa to 50 kDa, including 
all intermediate ranges and combinations thereof. 
0501. A thermosetting acrylic resin comprises a moiety 
capable of undergoing a cross-linking reaction. A monomer 
may comprise the moiety, and be incorporated into the poly 
merstructure of an acrylic resin during resin synthesis (e.g., a 
styrene, a vinyltoluene), and/or the acrylic resin may be 
chemically modified after polymerization to comprise a 
chemical moiety. In additional embodiments, an acrylic resin 
may be selected to comprise chemical moieties, such as an 
amine, a carboxyl, an epoxy, a hydroxyl, an isocyanate, or a 
combination thereof, to confer a desirable property to the 
acrylic resin produced. Examples of Such properties include 
the acrylic resin's chemical reactivity (e.g., crosslinkability), 
acidity, alkalinity, hydrophobicity, hydrophilicity, glass tran 
sition temperature, or a combination thereof. In general 
embodiments, an acrylic resin comprising a carboxyl moiety, 
a hydroxyl moiety, or a combination thereof, promotes a 
crosslinking reaction with another binder. In other embodi 
ments, an acrylic resin may be chemically modified to com 
prise a methylol and/or methylol ether group, which is a resin 
capable of self-crosslinking. 
0502 (i) Acrylic-Epoxy Combinations 
0503. In certain embodiments, a thermosetting acrylic 
resin may be combined with an epoxide resin. In general 
embodiments, an acrylic resin comprising a carboxyl moiety 
may be selected for cross-linking with an epoxy resin. In 
specific aspects, an acrylic resin comprises 5% to 20% includ 
ing all intermediate ranges and combinations thereof, of a 
monomer that comprises a carboxyl moiety, such as of an 
acrylic acid monomer, a methacrylic acid monomer, or a 
combination thereof. The carboxyl moiety may undergo a 
cross-linking reaction with an epoxide resin (e.g., a bisphenol 
A/epichlorohydrin epoxide resin) during film formation. In 
certain aspects, an epoxide resin cross-linked with an acrylic 
resin generally produces a film with good hardness, good 
alkali resistance, greater solvent resistance to a film, poorer 
UV resistance, or a combination thereof. 
0504. A thermosetting acrylic-epoxy coating may be 
selected for application to a metal Surface. Examples of Sur 
faces that an acrylic-epoxy coating is selected for use include 
an indoor Surface, an indoor metal Surface (e.g., an appli 
ance), or a combination thereof. In certain aspects, an epoxide 
resin cross-linked with an acrylic resin generally produces a 
film with good hardness, good alkali resistance, greater Sol 
vent resistance to a film, poorer UV resistance, or a combi 
nation thereof. In some facets, an acrylic resin may be com 
bined with an aliphatic epoxide resin to produce a film with 
relatively superior UV resistance than a bisphenol A/epichlo 
rohydrin based epoxide resin. In another facet, an acrylic 
resin polymerized with an allyl glycidyl ether monomer, a 
glycidyl acrylate monomer, a glycidyl methacrylate mono 
mer, or a combination thereof, may undergo a cross-linking 
reaction with an epoxide resin during film formation. In spe 
cific facets, a film produced from cross-linking an epoxide 
other than a bisphenol A/epichlorohydrin epoxide resin and 
an acrylic resin comprising an allyl glycidyl ether monomer, 
a glycidyl acrylate monomer, a glycidyl methacrylate mono 
mer, or a combination thereof possesses a relatively Superior 
UV resistance. 

0505. In certain embodiments, an acrylic epoxy coating 
comprises a catalyst to promote cross-linking during film 
formation. In specific aspects, the catalyst is a base Such as a 
dodecyl trimethyl ammonium chloride, a tri(dimethylami 
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nomethyl)phenol, a melamine-formaldehyde resin, or a com 
bination thereof. In other embodiments, an acrylic epoxy 
coating is cured by baking at 150° C. to 190° C., including all 
intermediate ranges and combinations thereof. In particular 
aspects, film formation time of an acrylic epoxy coating is 
from 15 minutes to 30 minutes, including all intermediate 
ranges and combinations thereof. In certain embodiments, a 
thermosetting coating comprises an acrylic epoxide 
melamine-formaldehyde coating, wherein an acrylic resin, an 
epoxide resin and a melamine-formaldehyde resin undergo 
cross-linking during film formation. 
0506 
0507. In other embodiments, a thermosetting acrylic resin 
may be combined with an amino resin. In general embodi 
ments, an acrylic resin comprising an acid (e.g., carboxyl) 
moiety, a hydroxyl moiety, or a combination thereof, may be 
selected for cross-linking with an amino resin. An acrylic 
amino coating, wherein the acrylic resin comprises an acid 
moiety, may be cured by baking at, for example 150°C. for 30 
minutes. However, an acid moiety acrylic amino coating is 
typically undergoes a greater degree of reactions between 
amino resins, which reduces properties Such as toughness. In 
specific aspects, an acrylic resin comprises a monomer that 
comprises a hydroxyl moiety Such as a hydroxyethyl acrylate 
(“HEA), a hydroxyethyl methacrylate (“HEMA'), or a com 
bination thereof. An acrylic amino coating, wherein the 
acrylic resin comprises a hydroxyl moiety, typically com 
prises an acid catalyst to promote curing by baking at, for 
example 125° C. for 30 minutes. An acrylic amino coating, 
wherein the amino resin was prepared from urea, generally 
produces a film with lower gloss, less chemical resistance, or 
a combination thereof, than an amino resin prepared from 
another nitrogen compound. Selection of a melamine and/or 
benzoguanamine based amino coating generally produces a 
film with excellent weathering resistance, excellent solvent 
resistance, good hardness, good mar resistance, or a combi 
nation thereof, and Such an acrylic amino coating may be 
selected for an automotive topcoat. 
0508 
0509. In other embodiments, a thermosetting acrylic resin 
may be combined with an urethane resin. In general embodi 
ments, an acrylic resin comprising an acid moiety, a hydroxyl 
moiety, or a combination thereof, may be selected for 
crosslinking with an urethane resin. In specific embodiments, 
an acrylic resin comprises a hydroxyl moiety, Such as, for 
example, a moiety provided by a HEA monomer, a HEMA 
monomer, or a combination thereof. Selection of an aliphatic 
isocyanate urethane (e.g., hexamethylene diisocyanate 
based) generally produces a film with Superior color, weath 
ering, or a combination thereof relative to other urethanes. An 
acrylic urethane coating may comprise a catalyst, Such as, for 
example, triethylene diamine, Zinc naphthenate, dibutyl tin 
di-laurate, or a combination thereof. Anacrylic urethane coat 
ing cures at ambient conditions. However, an acrylic urethane 
coating typically is a two-pack coating to separate the reactive 
binders until application. An acrylic urethane coating gener 
ally produces a film with good weathering, good hardness, 
good toughness, good chemical resistance, or a combination 
thereof. An acrylic urethane coating may be selected an air 
craft coating, an automotive coating, an industrial coating 
(e.g., an industrial maintenance coating), or a combination 
thereof. 
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0510 (iv) Water-Borne Thermosetting Acrylics 
0511. In other embodiments, athermosetting acrylic coat 
ing may be a waterborne coating (e.g., a latex coating). Typi 
cally, such a thermosetting acrylic coating comprises an 
acrylic resin with a hydroxyl moiety, an acid moiety, or a 
combination thereof. An acrylic resin may further comprise 
an additional monomer Such as a styrene, a vinyltoluene, or a 
combination thereof. The acrylic resin typically is combined 
in a coating with an amino resin, an epoxy resin, or a combi 
nation thereofas previously described. A film produced from 
a water-borne thermosettingacrylic coating is similarin prop 
erties as a solvent-borne counterpart. Such a coating may be 
selected for Surfaces such as masonry, wood, metal, or a 
combination thereof. 
0512 k. Polyvinyl binders 
0513. A polyvinyl binder (“polyvinyl,” “vinyl binder.” 
“vinyl) is a binder comprising a polymer of a vinyl chloride 
monomer, a vinyl acetate monomer, or combination thereof. 
A solvent-borne polyvinyl coating may comprise a ketone, 
ester, chlorinated hydrocarbon, nitroparaffin, or a combina 
tion thereof, as a solvent. A solvent-borne polyvinyl coating 
may comprise a hydrocarbon (e.g., aromatic, aliphatic) as a 
diluent. A polyvinyl binder is generally insoluble in an alco 
hol, however, in embodiments wherein a solvent-borne poly 
vinyl coating that comprises an additional alcohol soluble 
binder, alcohol may comprise 0% to 20% of the liquid com 
ponent. In embodiments wherein solvent-borne polyvinyl 
coating is cured by baking, a glycol ether and/or glycol ester 
may be used in the liquid component to enhance a rheological 
property. In other embodiments, the liquid component of a 
polyvinyl coating may comprise a plasticizer (e.g., a phtha 
late, a phosphate, a glycol ester), wherein the plasticizer if 1 
to 25 parts per hundred parts polyvinyl binder, including all 
intermediate ranges and combinations thereof, for a non 
plastisol or non-organosol coating. A polyvinyl-coating may 
be used to prepare a thermoplastic coating, a thermosetting 
coating, or a combination thereof. In specific aspects, a ther 
moplastic polyvinyl bindercoating possesses a T of 50° C. to 
85°C., including all intermediate ranges and combinations 
thereof. However, in Some aspects, a polyvinyl-coating/film 
possesses moderate resistance to heat, UV irradiation, or a 
combination thereof. In specific aspects, a polyvinyl-coating 
comprises a light stabilizer, a pigment, or a combination 
thereof. In particular facets, the light stabilizer, the pigment 
(e.g., titanium dioxide), or the combination thereof, improves 
the polyvinyl-coating and/or film's resistance to heat, UV 
irradiation, or a combination thereof. 
0514. In embodiments wherein a polyvinyl coating com 
prises a solvent-borne coating, it is contemplated that a poly 
vinyl resin will range in mass from 2 kDa to 45kDa, including 
all intermediate ranges and combinations thereof. A typical 
Solvent-borne polyvinyl coating comprises a polyvinyl resin, 
a liquid component wherein the liquid component comprises 
a solvent, and a plasticizer. A solvent-borne polyvinyl coating 
may additionally comprise a colorizing agent (e.g., a pig 
ment), a light stabilizer, an additional binder, a cross-linker, or 
a combination thereof. 
0515. A polyvinyl binder typically possesses excellent 
adhesion for a plastic Surface, an acrylic and/or acrylic coated 
Surface, paper, or a combination thereof. A thermoplastic 
polyvinyl coating may be selected as a lacquer, a topcoat of a 
can coating (e.g., can interior Surface), or a combination 
thereof. In some embodiments, an polyvinyl-coating may be 
selected to produce a film with Such properties, for example, 
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as excellent water resistance, excellent resistance to various 
Solvents (e.g., an aliphatic hydrocarbon, an alcohol, an oil), 
excellent resistance to acid pH, excellent resistance to basic 
pH, inertness relative to food, or a combination thereof. 
0516. In many aspects, a polyvinyl resin is a copolymer 
that comprises a combination of a vinyl chloride monomer 
and vinyl acetate monomer. Often during resin synthesis 
(e.g., polymerization), a polyvinyl resin is prepared to further 
comprise monomers with specific chemical moieties to con 
fer a property such as solubility in water, solubility in a 
Solvent, compatibility with another coating component (e.g., 
a binder), or a combination thereof. In certain embodiments, 
a polyvinyl resin comprises a monomer comprising carboxyl 
moiety, a hydroxyl moiety (e.g., a hydroxyalkyl acrylate 
monomer), a monomer comprising an epoxy moiety, a mono 
mer comprising a maleic acid, or a combination thereof. A 
carboxyl moiety may confer an increased adhesion property 
(e.g., excellent adhesion to metal). However, a polyvinyl resin 
comprising a carboxyl moiety is generally not compatible 
with a basic pigment. Athermosetting polyvinyl coating com 
prising a polyvinyl binder that comprises a carboxyl moiety 
and a polyvinyl binder that comprises an epoxy moiety gen 
erally possesses one or more excellent physical properties 
(e.g., flexibility), and may be selected as a coil coating. A 
hydroxyl moiety may confer cross-linkability, compatibility 
with another coating component, an increased adhesion prop 
erty (e.g., good adhesion to aluminum), or a combination 
thereof. Additionally, after polymer synthesis, a polyvinyl 
resin can be chemically modified to comprise such a specific 
chemical moiety. In some embodiments, a polyvinyl resin is 
chemically modified to comprise a secondary hydroxyl moi 
ety, an epoxy moiety, a carboxyl moiety, or a combination 
thereof. A polyvinyl resin comprising a secondary hydroxyl 
moiety may be combined with another binder Such as an 
alkyd, an urethane, anamino-formaldehyde, or a combination 
thereof. A thermosetting polyvinyl amino-formaldehyde 
coating comprising a polyvinyl binder that comprises a 
hydroxyl moiety generally possesses good corrosion resis 
tance, water resistance, Solvent resistance, chemical resis 
tance, and may be selected as a can coating, a coating for an 
interior wood surface, or a combination thereof. Standards for 
physical properties, chemical properties, and/or procedures 
for testing the purity/properties of various polyvinyl mono 
mers (e.g., vinyl acetate) and polyvinyl resins (e.g., polymer 
components, polymer mass, shear viscosity for a higher mass 
resin, chlorine content) are described, for example, in ASTM 
Book of Standards, Volume 06.04, Paint—Solvents; Aro 
matic Hydrocarbons.” D2190-97, D2086-02, D2191-97, and 
D2193-97, 2002: ASTM Book of Standards, Volume 06.03, 
Paint Pigments, Drying Oils, Polymers, Resins, Naval 
Stores, Cellulosic Esters, and Ink Vehicles. D4368-89, 
D3680-89, and D1396-92, 2002; and in “ASTM Book of 
Standards, Volume 06.01, Paint Tests for Chemical, Physi 
cal, and Optical Properties: Appearance.” D2621-87, 2002. 
0517. In alternative embodiments, a polyvinyl resin tem 
porary coating (e.g., a non-film forming coating) may be pro 
duced, for example, by selection of a polyvinyl resin that that 
comprises fewer or no crosslinkable moieties, selection of an 
addition binder that comprises fewer or no crosslinkable moi 
eties, reducing the concentration of the a polyvinyl resin 
and/or additional binder, using a bake cured a polyvinyl resin 
coating at temperatures less than is needed for curing (e.g., 
ambient conditions), selection of size range for a plastisol or 
organisol polyvinyl resin coating that is less Suitable for film 
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formation (e.g., 1 kDa to 60 kDa), selection of a polyvinyl 
resin with T. that is lower than the temperature ranges herein 
and/or 20° C. lower than the temperature range of use, or a 
combination thereof. 
0518 (1) Plastisols and Organisols 
0519) A polyvinyl resin of 60 kDa to 110 kDa, including 
all intermediate ranges and combinations thereof, may be 
selected for use as an organosol or a plastisol. A plastisol is 
coating comprising a vinyl homopolymer binder and a liquid 
component, wherein the liquid component comprises a plas 
ticizer comprising a minimum of 55 parts or more of plasti 
cizer perhundred parts of homopolymer binder in the coating. 
In certain embodiments, a plastisol comprises, by weight, 0% 
to 10% including all intermediate ranges and combinations 
thereof, of a thinner (e.g., an aliphatic hydrocarbon). A plas 
tisol coating typically comprises an additional vinyl binder. A 
plastisol may comprise a pigment, however, a low oil absorp 
tion pigment is preferred to avoid undesirable increase in 
coating viscosity given the liquid component used for a plas 
tisol. 
0520. An organosol is similar to a plastisol, except the less 
than 55 parts of plasticizer perhundred parts of homopolymer 
binder is used in the coating. In typical embodiments, the 
liquid component of comprises a weak solvent that may act as 
a dispersant and a thinner (e.g., a hydrocarbon). In typical 
aspects, the reduced content of plasticizer produced a film 
with a Superior hardness property relative to a plastisol. In 
additional embodiments, the nonvolatile component of an 
organisol is 50% to 55%, including all intermediate ranges 
and combinations thereof. An organosol coating typically 
comprises a second binder. In specific aspects, the second 
binder is a vinyl copolymer, an acrylic, or a combination 
thereof. In certain aspects, the second binder comprises a 
carboxyl moiety, a hydroxyl moiety, or a combination 
thereof. In further aspects, an organisol may comprise a third 
binder. In specific facets, the third binder comprises an amino 
resin, a phenolic resin prepared from formaldehyde, or a 
combination thereof. In additional facets, a second binder that 
comprises a hydroxyl moiety may undergo a thermosetting 
cross-linking reaction with a third binder. An organisol may 
comprise a pigment Suitable for general polyvinyl coatings. 
0521. A plastisolor organisol typically is cured by baking. 
In general embodiments, baking is at a temperature of 175°C. 
to 180° C., including all intermediate ranges and combina 
tions thereof. In general embodiments, a plastisolor organisol 
comprises a heat stabilizer. The heat stabilizer may protect a 
vinyl binder during baking. Examples of a Suitable heat sta 
bilizer include a combination of a metal salt of an organic acid 
and an epoxidized oil or a liquid epoxide binder. However, in 
an embodiment wherein the plastisol or organisol comprises 
a binder that comprises an carboxyl moiety, a metal salt is less 
preferred due to possible gellation of the coating, and may be 
Substituted with a mercapto tin and/or tin ester compound. 
0522. In embodiments wherein a plastisol or organisol 
comprise a binder with good adhesion properties for a Surface 
Such as a binder comprising carboxy moiety, the plastisol or 
organisol may be used as a single layer coating. For example, 
Such an organisol may be selected to coat the end of a can. 
However, a plastisol or organisol typically is part of a multi 
coat system that comprises a primer to promote adhesion. In 
specific aspects, the primer comprises a vinyl resin compris 
ing a carboxy moiety. In specific facets, the primer further 
comprises a thermosetting binder Such as an amino-formal 
dehyde, phenolic, or a combination thereof, to enhance Sol 
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vent resistance. In certain facets, it is preferred that a primer 
or other coat layer of a multicoat system possesses good 
Solvent resistance to the plasticizers of the organosol and/or 
plastisol coat layer. 
0523 (2) Powder Coatings 
0524. A polyvinyl binder may be selected as a powder 
coating. Typically, coating components such as a polyvinyl 
binder and a plasticizer, colorizing agent, additive, or a com 
bination thereof, admixed to prepare a powder coating. Such 
a powder coating is usually applied by a fluidized bed appli 
cator, a spray applicator, or a combination thereof. In some 
aspects, the coating components are melted then ground into 
a powder. Such a powder coating is usually applied by an 
electrostatic spray applicator. The coating is cured by baking. 
A polyvinyl powder coating may be selected to coat a metal 
Surface. 
0525 (3) Water-Borne Coatings 
0526. The previous discussions of polyvinyl coatings 
focused upon solvent-borne and powder coatings. A polyvi 
nyl binder with a T of 75° C. to 85°C., including all inter 
mediate ranges and combinations thereof, may be selected for 
use in a dispersion waterborne coating. The liquid component 
may comprise a cosolvent Such as a glycol ether, a plasticizer, 
or a combination thereof. Examples of a cosolvent include 
ethylene glycol monobutyl ether. The dispersion water-borne 
polyvinyl coating may be used as described for a solvent 
borne polyvinyl coating. In another example, an organisol 
may be prepared with a plasticizer as a latex coating. Such a 
latex is suitable for selection as a primer coating. The latex 
coating is cured by baking. 
0527 I. Rubber Resins 
0528. In certain embodiments, a coating may comprise a 
rubber resinas a binder. A rubber may be either obtained from 
a biological source (“natural rubber'), synthesized from 
petroleum (“synthetic rubber'), or a combination thereof. 
Examples of synthetic rubber include polymers of styrene 
monomers, butadiene monomers, or a combination thereof. 
In alternative embodiments, a rubber temporary coating (e.g., 
a non-film forming coating) may be produced, for example, 
by selection of rubber resin that that comprises fewer or no 
crosslinkable moieties, selection of an addition binder that 
comprises fewer or no crosslinkable moieties, reducing the 
concentration of thea rubber resin and/or additional binder, or 
a combination thereof. 

0529 (1) Chlorinated Rubber Resins 
0530. In general embodiments, a rubber resin comprises a 
chlorinated rubber resin, wherein a rubber isolated from a 
biological source has been chemically modified by reaction 
with chlorine to produce a resin comprising 65% to 68% 
chlorine by weight, including all intermediate ranges and 
combinations thereof. A chlorinated rubber resins generally 
are in a molecular weight range of 3.5 kDa to 20 kDa, includ 
ing all intermediate ranges and combinations thereof. A chlo 
rinated rubber coating may comprise another binder, Such as, 
for example, an acrylic resin, an alkyd resin, a bituminous 
resin, or a combination thereof. In specific aspects, a chlori 
nated rubber resin comprises 10% to 50%, by weight, includ 
ing all intermediate ranges and combinations thereof, of the 
binder when in combination with an acrylic resin, an alkyd 
resin, or a combination thereof. In general embodiments, a 
chlorinated rubber coating is a solvent-borne coating. In cer 
tain aspects, a chlorinated rubber coating comprises a liquid 
component, such as, for example, a solvent, a diluent, a thin 
ner, a plasticizer, or a combination thereof. A chlorinated 
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rubber coating may be a thermoplastic coating. To reduce the 
T of a film produced from a chlorinated rubber resin, the 
liquid component generally comprises a plasticizer. In certain 
aspects, a chlorinated rubber coating comprises 30% to 40%, 
by weight, including all intermediate ranges and combina 
tions thereof, of plasticizer. In certain facets, a plasticizer is 
selected for water resistance (e.g., hydrolysis resistance) Such 
as a bisphenoxyethylformal. In certain facets, a chlorinated 
rubber coating comprises light stabilizer, an epoxy resin, an 
epoxy plasticizer (e.g., epoxidized soybean oil), or combina 
tion thereof, to chemically stabilize a chlorinated resin, coat 
ing and/or film. In other embodiments, a chlorinated rubber 
coating comprises a pigment, an extender, or a combination 
thereof. In particular aspects, the pigment is a corrosion resis 
tant pigment. A chlorinated rubber film are generally has 
good chemical resistance (e.g., acid resistance, alkali resis 
tance), water resistance, or a combination thereof. Coatings 
comprising chlorinated rubber resins may be used, for 
example, on Surfaces that contact gaseous, liquid and/or solid 
external environments. Examples of such uses include a coat 
ing for an architectural coating (e.g., a masonry coating), a 
traffic marker coating, a marine coating (e.g., a marine 
vehicle, a Swimming pool), a metal primer, a metal topcoat, or 
a combination thereof. 

0531 (2) Synthetic Rubber Resins 
0532. Examples of synthetic rubber include polymers 
comprising a styrene monomer, a methylstyrene (e.g., C.-me 
thylstyrene) monomer, or a combination thereof. A polysty 
rene and/or polymethylstyrene coating may be a solvent 
borne coating. Examples of a solvent include an aliphatic 
hydrocarbon, an aromatic hydrocarbon, a ketone, an ester, or 
a combination thereof. A polystyrene and/or polymethylsty 
rene coating may possess good water resistance, good chemi 
cal resistance, or a combination thereof. A polystyrene and/or 
polymethylstyrene coating may be selected as a primer, a 
lacquer, a masonry coating, or a combination thereof. A poly 
styrene homopolymer has a T of 100° C., and in certain 
embodiments, a polystyrene coating is bake cured. Standards 
for physical properties, chemical properties, and/or proce 
dures for testing the purity/properties of a styrene monomer, 
a methylstyrene monomer, (e.g., C.-methylstyrene), a resin 
comprising a styrene and/or methylstyrene monomer, are 
described, for example, in ASTM Book of Standards, Vol 
ume 06.04, Paint Solvents; Aromatic Hydrocarbons.” 
D2827-00, D6367-99, D6144-97, D4590-00, D2119-96, 
D2121-00, and D2340-96, 2002. 
(0533. Similar to the variability of T previously described 
for a thermoplastic acrylic resin, a styrene copolymer with a 
lower a T than polystyrene or other altered properties can be 
produced from polymerization with other monomers such as 
a butadiene monomer, an acrylic monomer, a maleate ester, 
an acrylonitrile, an allyl alcohol, a vinyltoluene, or a combi 
nation thereof. For example, abutadiene monomer decreases 
lightfastness, but confers self-crosslinkability to the resin. In 
another example, an acrylic resin increases the resin's solu 
bility in an alcohol. In a further example, an allyl alcohol 
monomer confers crosslinkability in combination with a 
polyol. In certain embodiments, a styrene-butadiene copoly 
mer resin may be selected. In certain aspects, a styrene 
butadiene resin comprises a carboxyl moiety to improve an 
adhesion property, dispersibility in a liquid component, or a 
combination thereof. In particular facets, a styrene-butadiene 
coating comprises an emulsifier to increase dispersion in a 
liquid component, a light stabilizer, or a combination thereof. 
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A styrene-butadiene coating may be a thermosetting coating, 
due to oxidative crosslinking of a butadiene double bond 
moiety. However, styrene-butadiene film may have poor 
chalking resistance, poor color stability, poor UV resistance, 
ora combination thereof. A styrene-butadiene coating may be 
selected as a corrosion resistant primer, a wood primer, or a 
combination thereof. A styrene-Vinnyltoluene-acrylate 
copolymer coating may be selected for an exterior coating, a 
traffic marker paint, a metal coating (e.g., a metal lacquer), a 
masonry coating, or a combination thereof. 
0534 
0535 A bituminous binder (“bituminous”) is a binder 
comprising a hydrocarbon soluble in carbon disulfide, is 
black or dark colored, and is obtained from a bitumen deposit 
and/or as a product of petroleum processing. A bituminous 
binder typically is used in asphalt, tar, and other construction 
materials. However, in certain embodiments, a bituminous 
binder may be used in a coating of the present invention, 
particularly in embodiments wherein good resistance to a 
chemical Such as a petroleum based solvent, an oil, water, or 
a combination thereof, is desired. Examples of a bituminous 
binder include a coal tar, a petroleum asphalt, a pitch, an 
asphaltite, or a combination thereof. In certain embodiments, 
a coal tar and/or pitch is combined with an epoxy resin to form 
athermosetting coating. Such as coating may be selected as a 
pipeline coating. In other embodiments, an asphaltite and/or 
petroleum asphalt may be selected for use as an automotive 
coating (e.g., an underbody part coating). An asphaltite and/ 
or petroleum asphalt coating may further comprise an addi 
tional binder Such as an epoxy. In certain aspects, an asphal 
tite and/or petroleum asphalt coating is a solvent-borne 
coating. In specific aspects, an asphaltite and/or petroleum 
asphalt coating comprises a plasticizer. In further aspects, an 
asphaltite and/or petroleum asphalt coating comprises a wax 
to increase abrasion resistance. 

0536. In further embodiments, bituminous coating may be 
selected as a roof coating. Typically, a bituminous roof coat 
ing comprises an extender, a thixotrope, or a combination 
thereof. Examples of a thixotrope additive include asbestos, a 
silicon extender, a celluosic, a glass fiber, or a combination 
thereof. In some aspects, a bituminous roof coating comprises 
a solvent-borne coating or a water-borne coating. Examples 
of Solvents that may be selected include a mineral spirit, an 
aliphatic hydrocarbon (e.g., a naphtha, a mineral spirit), an 
aromatic solvent (e.g., Xylene, toluene) or a combination 
thereof. A bituminous roof coating may be selected as a 
primer, a topcoat, or a combination thereof. A bituminous 
rooftopcoat typically further comprises a metallic pigment. 
0537. In certain aspects, a solvent-borne or water-borne 
bituminous coating is an emulsion comprising water and a 
bituminous binder. In specific facets, the emulsion further 
comprises a solvent, an extender (e.g., a silica), an emulsifier 
(e.g., a Surfactant), or a combination thereof. The extender 
typically functions to stabilize the emulsion. In particular 
facets, the emulsion bituminous coating is a roof coating, a 
road coating, a sealer, a primer, a topcoat, or a combination 
thereof. In facets wherein an emulsion bituminous coating is 
selected as a sealer, an additional binder may be added to 
increase solvent resistance. 

0538. In alternative embodiments, a bituminous tempo 
rary coating (e.g., a non-film forming coating) may be pro 
duced, for example, by selection of an addition binder that 
comprises fewer or no crosslinkable moieties, reducing the 
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concentration of the a bituminous resin and/or additional 
binder, or a combination thereof. 
0539 n. Polysulfide Binders 
0540 A polysulfide binder is a polymer produced from a 
reaction of sodium polysulfide, bis(2-chlorethyl)formal and 
1,2,3-trichloropropane. Typically, a polysulfide binder is 1 
kDa to 8 kDa, including all intermediate ranges and combi 
nations thereof. A polysulfide binder comprises a thiol (“mer 
captain') moiety capable of crosslinking with an additional 
binder. A polysulfide may undergo crosslinking by an oxida 
tive reaction with an additional binder comprising a peroxide 
(e.g., dicumen hydroperoxide), a manganese dioxide, 
p-quinonedioxime, or a combination thereof. A polysulfide 
binder may be crosslinked with a glycidyl epoxide, though a 
tertiary amine is preferably part of the coating to promote this 
reaction. A polysulfide may undergo crosslinking with a 
binder comprising an isocyanate moiety, though it is pre 
ferred that the binder comprise a plurality of isocyanates. A 
polysulfide film typically possesses excellent UV resistance, 
good general weatherability properties, good chemical resis 
tance, or a combination thereof. 
0541. In alternative embodiments, a polysulfide tempo 
rary coating (e.g., a non-film forming coating) may be pro 
duced, for example, by selection of an addition binder that 
comprises fewer or no crosslinkable moieties, reducing the 
concentration of the a bituminous resin and/or additional 
binder, or a combination thereof. 
0542 o. Silicone Binders 
(0543. The previous described binders are molecules based 
on carbon, and are considered herein as “organic binders'. A 
silicone binder (“silicone') is a binder molecule based on 
silicone. Examples of a silicone binder include a polydimeth 
yllsiloxane and a methyltriacetoxysilane, a methyltrimethox 
ysilane, a methyltricyclorhexylaminosilane, a fluorosilicone, 
a trifluoropropyl methyl polysiloxane, or a combination 
thereof. In general embodiments, a silicone binder comprises 
a crossreactive silicon moiety, examples of which are 
described below. A silicone coating may be selected for excel 
lent resistance to irradiation (e.g., UV, infrared, gamma), 
excellent weatherability, excellent biodegradation resistance, 
flame resistance, excellent dielectric property, which is poor 
electrical conductivity with little detrimental effect on an 
electrostatic field, or a combination thereof. In specific 
aspects, a silicon coating is an industrial coating. In particular 
facets, a silicon coating is applied to an appliance part, a 
furnace part, a jet engine part, an incinerator part, or a missile 
part. In other embodiments, a silicon coating comprises an 
organic binder. In particular aspects, a silicon organic binder 
coating possesses Superior heat resistance to an organic 
binder coating. In other aspects, the greater the silicon binder 
to organic binder ratio, the greater the crosslinking reactions, 
greater film hardness, reduced flexibility, or a combination 
thereof. 
0544. In general embodiments, a silicone coating is a ther 
mosetting coating. Often, a silicon coating is a multi-pack 
coating due to a limited pot life one the coating components 
are admixed. The crosslinking reaction depends upon the 
binder's specific silicon moiety. A plurality of binders may be 
used, each comprising one or more crosslinking moieties. A 
binder comprising crosslinking SiOH and HOSi moieties 
generally comprises a cure agent Such as a lead octoate, a Zinc 
octoate, or a combination thereof. In general aspects, the 
thermosetting SiOH and HOSisilicon coating is bake cured 
(e.g., 250° C. for one hour). A binder comprising crosslinking 
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SiOH and HSi moieties typically comprises a tin catalyst. A 
binder comprising crosslinking SiOH and ROSi moieties, 
wherein RO is an alkoxy moiety, also typically comprises a 
tin catalyst. A coating prepared using SiOH and ROSisilicon 
binder typically further comprises an iron oxide, a glass 
microballon, or a combination thereof to improve heat resis 
tance. This type of silicon may be selected for rocket and jet 
engine parts. A binder comprising crosslinking SiOH and 
CHCOOSi moieties is moisture cured, and typically com 
prises a tin catalyst (e.g., an organotin compound). A binder 
comprising crosslinking SiOH and RNOSi moieties, 
wherein RNO is anoxime moiety, is also moisture cured, and 
typically comprises a tin catalyst. The moisture cured silicon 
coatings may be selected for one-pack silicon coatings, 
though film formation is generally slower than other types of 
silicon thermosetting coatings. A binder comprising 
crosslinking SiCH=CH and RNOSi moieties, wherein 
RNO is an oxime moiety, typically comprises a platinum 
catalyst, and may be bake cured. A film produced by a 
SiCH=CH and RNOSisilicon coating possesses excellent 
toughness, flame resistance, or a combination thereof. Such a 
coating may be selected for a rocket part. However, coating 
components such as a rubber, a tin compound (e.g., an orga 
notin), or a combination thereof, may inhibit platinum cata 
lyzed film formation in this silicon coating. 
0545. In certain embodiments, a silicone coating is a sol 
Vent-borne coating. Examples of liquid components that may 
function as a silicon solvent include a chlorinated hydrocar 
bon (e.g., 1,1,1-trichloroethane), an aromatic hydrocarbon 
(e.g., a VMP naphtha, Xylene), an aliphatic hydrocarbon, or a 
combination thereof. A silicone binder typically is insoluble 
or poorly soluble in an oxigenated compound Such as an 
alcohol, a ketone, or a combination thereof, of relatively low 
molecular weight (e.g., ethanol, isopropanol, acetone). How 
ever, a fluorosilicone, which is a silicone binder that com 
prises a fluoride moiety, may be combined with a liquid 
component comprising a ketone such as methyl ethyl ketone, 
methyl isobutyl ketone, or a combination thereof. A fluoro 
silicone binder may be selected for producing a film with 
excellent solvent resistance. A silicon coating often com 
prises a pigment. In specific embodiments, a pigment com 
prises Zinc oxide, titanium dioxide, Zinc orthotitanate, or a 
combination thereof, which may improve a film's resistance 
to extreme temperature variations, such as those of outer 
space. In specific embodiments, a silicon coating may com 
prise a silica extender (e.g., fumed silica), which often 
increases durability. 
0546. In certain embodiments, a silicon binder comprises 
a trifluoropropyl methyl polysiloxane binder. In certain 
aspects, a trifluoropropyl methyl polysiloxane binder may be 
selected for producing a film with excellent resistance to 
petroleum products (e.g., automotive fuel, aircraft fuel), but 
poor resistance to an acid or an alkali, particularly at baking 
conditions. 

0547. In alternative embodiments, a silicon temporary 
coating (e.g., a non-film forming coating) may be produced, 
for example, by selection of an addition binder that comprises 
fewer or no crosslinkable moieties, reducing the concentra 
tion of the a silicon resin and/or additional binder, using a 
bake-cured silicon coating at non-baking conditions, inclu 
sion of a rubber, a tin compound (e.g., an organotin), or a 
combination thereof. 
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0548 2. Liquid Components 
0549. A liquid component is a chemical composition that 

is in a liquid state while comprised in a coating and/or film. A 
liquid component is typically added to a coating composition, 
for example, to improve a rheological property for ease of 
application, alter the period of time that thermoplastic film 
formation occurs, alter an optical property (e.g., color, gloss) 
of a film, alter a physical property of a coating (e.g., reduce 
flammability) and/or film (e.g., increase flexibility), oracom 
bination thereof. 

0550. As would be known to those of ordinary skill in the 
art, often a liquid component comprises a volatile liquid that 
is partly or fully removed (e.g., evaporated) from the coating 
during film formation. Examples of a Volatile liquid include a 
volatile organic compound (“VOC), water, or a combination 
thereof. In many embodiments, 0% to 100%, including all 
intermediate ranges and combinations thereof, of the liquid 
component is lost during film formation. Various environ 
mental laws and regulations have encouraged the reduction of 
Volatile organic compound use in coatings see “Paint and 
Coating Testing Manual, Fourteenth Edition of the Gardner 
Sward Handbook.' (Koleske, J. V. Ed.), pp. 3-12, 1995. As a 
consequence, a coating may comprise a solvent-borne coat 
ing, which typically comprises a VOC and was the coating 
usually selected prior to enactment of the environmental laws, 
a high Solids coating, which is generally a solvent-borne 
coating formulated with a minimum amount of a VOC, a 
water-borne coating, which comprises water and typically 
even less VOC, or a powder coating, which comprises little or 
no VOC. 

0551. In many embodiments, a liquid component may 
comprise a liquid composition classified based upon function 
Such as a solvent, a thinner, a diluent, a plasticizer, or a 
combination thereof. A solvent is a liquid component used to 
dissolve one or more coating components. A thinner is a 
liquid component used to reduce the Viscosity of a coating, 
and often additionally confers one or more properties to the 
coating, such as, for example, dissolving a coating compo 
nent (e.g., a binder), Wetting a colorizing agent, acting as an 
antisettling agent, stabilizing a coating in storage, acting as an 
antifoaming agent, or a combination thereof. A diluent is a 
liquid component that does not dissolve a binder. 
0552. Liquid components can be classified, based on their 
chemical composition, as an organic compound, an inorganic 
compound, or a combination thereof. Preferred organic com 
pounds include a hydrocarbon, an oxygenated compound, a 
chlorinated hydrocarbon, a nitrated hydrocarbon, a miscella 
neous organic liquid component, or a combination thereof. A 
hydrocarbon consists of or consists essentially of one or more 
carbon and/or hydrogen atoms. Examples of a hydrocarbon 
include analiphatic hydrocarbon, an aromatic hydrocarbon, a 
naphthene, a terpene, or a combination thereof. An oxygen 
ated compound comprises of one or more carbon, hydrogen 
and/or oxygenatoms. Examples of an oxygenated compound 
include an alcohol, an ether, an ester, a glycol ester, a ketone, 
or a combination thereof. A chlorinated hydrocarbon com 
prises one or more carbon, hydrogen and/or chlorine atoms, 
but does not comprise an oxygen atom. A nitrated hydrocar 
bon comprises one or more carbon, hydrogen and/or nitrogen 
atoms, but does not comprise an oxygen atom. A miscella 
neous organic liquid component is a liquid other than a chlo 
rinated hydrocarbon and/or a nitrated hydrocarbon that com 
prises one or more carbon, hydrogen and/or other atoms. In 
certain aspects, a miscellaneous organic liquid component 
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does not comprise an oxygenatom. Preferred inorganic com 
pounds include ammonia, hydrogen cyanide, hydrogen fluo 
ride, hydrogen cyanide, Sulfur dioxide, or a combination 
thereof. However, an inorganic compound generally is used at 
temperatures less than room temperature, and at pressures 
greater than atmospheric pressure. 
0553. In certain embodiments, a liquid component may 
comprise an azeotrope. An azeotrope (“azeotropic mixture') 
is a solution of two or more liquid components at concentra 
tions that produces a constant boiling point for the solution. 
An azeotrope BP (“A-BP) is the boiling point of an azeo 
trope. Often, the boiling point (“BP) of the majority compo 
nent of an azeotrope is higher than the A-BP, and in some 
embodiments. Such an azeotrope evaporates from a coating 
faster than a similar coating that does not comprise the azeo 
trope. However, in Some aspects, a coating comprising an 
azeotrope with a Superior evaporation property may possess a 
lower flash point temperature, a lower explosion limit, a 
reduced coating flow, greater Surface defect formation, or a 
combination thereof, relative to a similar coating that does not 
comprise the azeotrope. Alternatively, an azeotrope may be 
selected for embodiments wherein a component's BP is 
increased. In specific aspects, a coating comprising Such an 
azeotrope may have a relatively slower evaporation rate than 
a similar coating that does not comprise the azeotrope. It is 
contemplated that the greater the percentage of liquid com 
ponent is an azeotrope, the greater the conference of an azeo 
trope's property to a coating. Thus, a specific range of 50% to 
100%, 90% to 100%, or 95% to 100%, including all interme 
diate ranges and combinations thereof, is sequentially more 
preferred in embodiments wherein an azeotrope's property is 
desired as a property of a coating. 
0554. In some embodiments, a chemically non-reactive 
(“inert') liquid component may be selected. Typically, a liq 
uid component is selected that is inert relative to a particular 
chemical reaction to prevent an undesirable chemical reaction 
with other coating components. An example of Such an unde 
sirable chemical reaction is a binder-liquid component reac 
tion that is inhibitory to a desired binder-binder film-forma 
tion reaction. Examples of a liquid component that are 
generally inert in an acetal formation reaction include ben 
Zene, hexane, or a combination thereof. An example of a 
liquid component that is generally inert in a decarboxylation 
reaction includes quinoline. Examples of a liquid component 
that are generally inert in a dehydration reaction include 
benzene, toluene, Xylene, or a combination thereof. An 
example of a liquid component that is generally inert in a 
dehydrohalogenation reaction includes quinoline. Examples 
of a liquid component that are generally inert in a diazonium 
compound coupling reaction include ethanol, glacial acetic 
acid, methanol, pyridine, or a combination thereof. Examples 
of a liquid component that are generally inert in a diazotiza 
tion reaction include benzene, dimethylformamide, ethanol, 
glacial acetic acid, or a combination thereof. Examples of a 
liquid component that are generally inert in an esterification 
reaction include benzene, dibutyl ether, toluene, Xylene, or a 
combination thereof. Examples of a liquid component that are 
generally inert in a Friedel-Crafts reaction include benzene, 
carbon disulfide, 1,2-dichloroethane, nitrobenzene, tetra 
chloroethane, tetrachloromethane, or a combination thereof. 
An example of a liquid component that is generally inert in a 
Grignard reaction includes diethyl ether. Examples of a liquid 
component that are generally inert in a halogenation reaction 
include dichlorobenzene, glacial acetic acid, nitrobenzene, 
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tetrachloroethane, tetrachloromethane, trichlorobenzene, or 
a combination thereof. Examples of a liquid component that 
are generally inert in a hydrogenation reaction include an 
alcohol, dioxane, a hydrocarbon, glacial acetic acid, or a 
combination thereof. Examples of a liquid component that are 
generally inert in a ketene condensation reaction include 
acetone, benzene, diethyl ether, Xylene, or a combination 
thereof. Examples of a liquid component that are generally 
inert in a nitration reaction include dichlorobenzene, glacial 
acetic acid, nitrobenzene, or a combination thereof. 
Examples of a liquid component that are generally inert in an 
oxidation reaction include glacial acetic acid, nitrobenzene, 
pyridine, or a combination thereof. Examples of a liquid 
component that are generally inert in a Sulfonation reaction 
include dioxane, nitrobenzene, or a combination thereof. 
0555. A solvent-borne coating is a coating wherein 50% to 
100%, the including all intermediate ranges and combina 
tions thereof, of a coating's liquid component is not water. 
Generally, the liquid component of a solvent-borne coating 
comprises an organic compound, an inorganic compound, or 
a combination thereof. The liquid component of a solvent 
borne coating may function as a solvent, a thinner, a diluent, 
a plasticizer, or a combination thereof. In certain embodi 
ments, a solvent-borne coating may comprise water. In spe 
cific aspects, the water may function as a solvent, a thinner, a 
diluent, or a combination thereof. The water component of a 
solvent-borne coating may comprise 0% to 49.999%, the 
including all intermediate ranges and combinations thereof, 
of the liquid component. In certain embodiments, the water 
component of a water-borne coating may be fully or partly 
miscible in the non-aqueous liquid component. Examples of 
the percent of water that is miscible, by weight at 20°C., in 
various liquids typically used in solvent-borne coatings 
include 0.01% water in tetrachloroethylene; 0.02% water in 
ethylbenzene: 0.02% water in p-xylene; 0.02% water in tri 
cholorethylene; 0.05% water in 1,1,1-tricholoroethane: 
0.05% water in toluene: 0.1% water in hexane: 0.16% water 
in methylene chloride: 0.2% water in dibutyl ether, 0.2% 
water in tetrahydronaphthalene; 0.42% water in diisobutyl 
ketone: 0.5% water in cyclohexyl acetate: 0.5% water in 
nitropropane: 0.6% water in 2-nitropropane: 0.62% water in 
butyl acetate, 0.72% water in dipentene: 0.9% water in nitro 
ethane; 1.2% water in diethyl ether: 1.3% water in methyl 
tert-butyl ether, 1.4% water in trimethylcyclohexanone; 
1.65% water in isobutyl acetate; 1.7% water in butyl glycol 
acetate; 1.9% water in isopropyl acetate; 2.4% water in 
methyl isobutyl ketone; 3.3% water in ethyl acetate; 3.6% 
water in cyclohexanol; 4.0% water in trimethylcyclohexanol: 
4.3% water in isophorone; 5.8% water in methylbenzyl alco 
hol; 6.5% water in ethylglycol acetate; 7.2% water in hex 
anol; 7.5% water in propylene carbonate; 8.0% water in 
methyl acetate; 8.0% water in cyclohexanone; 12.0% water in 
methyl ethyl ketone; 16.2% water in isobutanol; 19.7% water 
in butanol; 25.0% water in butyl glycolate; or 44.1% water in 
2-butanol. 

0556 Various examples of such liquid components are 
described herein, including properties often used to select a 
chemical composition for use as a liquid component for a 
particular coating composition. Additionally, standards for 
physical properties, chemical properties, and/or procedures 
for testing purity/properties, are described for various types 
of liquid components (e.g., hydrocarbons, cycloaliphatic 
hydrocarbons, aromatic hydrocarbons, alcohols, ketones, 
esters, glycol ethers, mineral spirits, miscellaneous solvents, 
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plasticizers) in, for example, ASTM Book of Standards, 
Volume 06.04, Paint Solvents; Aromatic Hydrocarbons.” 
D4790-99, D268-01, D3437-99, D1493-97, D235-02, 
D1836-02, D3735-02, D3054-98, D5309-02, D4734-98, 
D2359-02, D4492-98, D4077-00, D3760-02, D6526-00, 
D841-02, D843-97, D5211-01, D5471-97, D5871-98, 
D5713-00, D852-02, D1685-00, D4735-02, D3797-00, 
D3798-00, D5135-02, D5136-00, D5060-95, D3193-96, 
D3734-01, D1152-97, D770-95, D3622-95, D1007-00, 
D1719-95, D304-95, D319-95, D2635-01, D1969-01, 
D2306-00, D1612-95, D5008-01, D268-01, D1078-01, 
D329-02, D1363-94, D740-94, D2804-02, D1153-94, 
D3329-99, D2917-02, D3893-99, D4360-90, D2627-02, 
D2916-88, D2192-96, D4614-95, D3545-02, D3131-02, 
D3130-95, D1718-98, D4615-95, D3540-90, D1617-90, 
D2634-02, D5137-01, D3728-99, D4835-93, D4773-02, 
D3128-02, D331-95, D330-93, D4837-02, D4773-02, 
D4836-95, D5776-99, D5808-95, D5917-02, D6069-01, 
D6212-99, D6313-99, D6366-99, D6428-99, D6621-00, 
D6809-02, D5399-95, D6229-01, D6563-00, D6269-98, 
D3257-01, D847-96, D1613-02, D848-02, D1614-95, 
D4367-02, D4534-99, D2360-00, D1353-02, D1492-02, 
D849-02, D3961-98, D1364-02, D3160-96, D1476-02, and 
D1722-98, D853-97, D5194-96, D363-90, D1399-95, 
D1468-93, D3620-98, D3546-90, and D1721-97, 2002. 

a. Solvents. Thinners, and Diluents 
0557. A coating may comprise a liquid component that 
may function as a solvent, a thinner, a diluent or a combina 
tion thereof. In one embodiment of a coating, a particular 
liquid component may function as a solvent, while in another 
coating composition comprising, for example, a different 
binder the same liquid component may function as a thinner 
and/or a diluent. Whether a liquid component functions pri 
marily as a solvent, a thinner, or a diluent depends consider 
ably upon the particular solvent and/or rheological property 
the liquid component confers to a specific coating composi 
tion. For example, the ability of the liquid component to 
function as a solvent, or lack thereof of such ability, relative to 
the other coating components generally differentiates a sol 
vent from a diluent. A thinner is primarily included into a 
coating composition in combination with a solvent and/or 
diluent to alter a rheological property Such as to reduce vis 
cosity, enhance flow, enhance leveling, or a combination 
thereof. In addition to the ability of one of ordinary skill in the 
art to discern such differences of use for a specific liquid 
composition in a coating, examples of differing solubility 
properties for specific categories of liquid components, and 
empirical techniques for determining the solubility properties 
of a specific liquid component, relative to another coating 
component, are described herein. 
0558 A solute is a coating component dissolved by a 
Solvent liquid component. A solute may be in Solid, liquid or 
gas from prior to being dissolved. Solvency (“solvent 
power”) is the ability of a solvent to dissolve a solute, main 
tain a solute in Solution upon addition of a diluent, and reduce 
the viscosity of a solution. A solvent is typically used to 
produce a solvent-borne coating, wherein the coating pos 
sesses desirable a rheological property for application to a 
surface and/or creation of a film of a desirable thickness. 
Additionally, a solvent may contribute to an appearance prop 
erty, a physical property, a chemical property, or a combina 
tion thereof, of a coating and/or film. In most embodiments, a 
solvent is a volatile component of a coating, wherein 50% to 
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100%, including all intermediate ranges and combinations 
thereof, of the solvent is lost (e.g., evaporates) during film 
formation. In certain aspects, the rate of solvent loss slows 
during application and/or film formation. Such a change in 
Solvent loss rate may promote a desirable rheologically 
related property during application and/or initial film forma 
tion, such as ease of application, minimum sag, reduce exces 
sive flow, or a combination thereof, while still promoting a 
desirable rheologically related property post-application, 
Such as a desirable leveling property, a desirable adhesion 
property, or a combination thereof. 
0559) Depending upon the ability of a liquid component to 
dissolve, partly dissolve, or unsuccessfully dissolve a coating 
component, a coating may comprise, a real Solution, a colloi 
dal solution or a dispersion, respectively. Often the ability of 
a liquid component to dissolve a coating component is detri 
mentally affected by increasing particulate matter size and/or 
molecular mass of the coating component. For example, a real 
Solution comprises a clear and/or homogenous liquid solu 
tion. In typical embodiments, a real Solution is produced 
when a potential solute of 1.0 nm or less in diameter is 
combined with a solvent. A colloidal Solution comprises a 
physically non-homogenous solution, which may be a clear to 
opalescent in appearance. Often, a colloidal solution is pro 
duced when a potential solute of between 1.0 nm to 100 nm 
("0.1 um') in diameter is combined with a solvent. A disper 
sion is a composition comprising two liquid and/or solid 
phases, which is typically turbid to milky in appearance. 
Generally, a dispersion is produced when a potential Solute of 
greater than 0.1 um in diameter is combined with a solvent. In 
many aspects, a coating composition may comprise a combi 
nation of a real solution, a colloidal solution and/or a disper 
Sion, depending upon the various solubility's of coating com 
ponents and liquid components. For example, a paint may 
comprise a real Solution of a binder and a liquid component, 
and a dispersion of a pigment within the liquid component. 
0560 Depending upon other coating components, a liquid 
component may function as an active solvent or a latent 
Solvent. An active solvent is capable of dissolving a solute. 
Additionally, an active solvent often reduces viscosity of a 
coating composition. In certain embodiments, an ester, a gly 
col ether, a ketone, or a combination thereof may be selected 
for use as an active solvent. A latent solvent, in pure form, 
does not demonstrate solute dissolving ability. However, the 
latent solvent may demonstrate the ability to dissolve a solute 
in a combination of an active solvent and the latent solvent; 
confer a synergistic improvement in the dissolving ability of 
an active solvent when combined with the active solvent, or a 
combination thereof. In certain embodiments, an alcohol may 
be selected for use as a latent solvent. In certain embodiments, 
a latent solvent is a thinner. A diluent, whether in pure form or 
in combination with an active solvent and/or a latent solvent, 
does not demonstrate solute dissolving ability, but may be 
combined with an active solvent and/or latent solvent to pro 
duce a liquid component with a Suitable ability to dissolve a 
coating component. In certain embodiments, hydrocarbon 
may be selected for use as a diluent. In particular aspects, a 
hydrocarbon diluent comprises an aromatic hydrocarbon, an 
aliphatic hydrocarbon, or a combination thereof. In particular 
facets, an aromatic hydrocarbon diluent may be selected, due 
to a generally greater tolerance by a many solvents relative to 
an aliphatic hydrocarbon. In certain aspects, a diluent is used 
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to alter a rheological property (e.g., reduce Viscosity) of a 
coating composition, reduce cost of a coating composition, or 
a combination thereof. 

0561. The ability of a solvent to dissolve a potential solute 
is related to the intermolecular interactions between the sol 
vent molecules, between the potential solute molecules, 
between the solvent and the potential solute, as well as the 
molecular size of the potential solute. Examples of intermo 
lecular interactions include, for example, ionic (“Coulomb'), 
dipole-dipole (“directional’’), ionic-dipole, induction (“per 
manent dipole/induced dipole'), dispersion (“nonpolar.” 
"atomic dipole.” “London-Van der Walls'), hydrogen bond, 
or a combination thereof. As is known to those of ordinary 
skill in the art, the sum of intramolecular interactions for a 
compound, relevant for the preparation of a solution, is the 
solubility parameter (“6”). The solubility parameter is a mea 
Sure of the total energy needed to separate molecules of a 
liquid. Such a separation of molecules of a solvent occurs 
during the incorporation of the molecules of a solute during 
the dissolving process. The Solubility parameter is the square 
root of the molar energy of vaporization of a liquid divided by 
the molar volume of a liquid, measured at 25°C. Additionally, 
the solubility parameter can also be expressed as the square 
root of the sum of the squares of the dispersion (“6”), polar 
(“8”) and hydrogen bond (“ö,”) solubility parameters. 
0562. Often, preparation of a coating composition may be 
aided by comparing the solubility parameter of a potential 
Solvent and a potential Solute (e.g., a binder) to ascertain the 
theoretical ability of a coating composition comprising a 
Solution to be created. In many embodiments, coating com 
ponents, wherein at least one coating component comprises a 
liquid, with a solubility parameter that is less than an absolute 
value of 6 are able to form a solution. The closer this value is 
to 0, the greater the general ability to form a solution. Addi 
tionally, the lower the individual absolute difference (e.g., six 
or less) between the dispersion solubility parameters of coat 
ing components, the polar solubility parameter of coating 
components, and/or the hydrogen bond solubility parameter 
of coating components, the generally greater ability to form a 
solution. The solubility parameter, dispersion solubility 
parameter, polar solubility parameter, and hydrogen bond 
solubility parameter, and methods for determining Such val 
ues, and additional methods for determining the theoretical 
ability of coating components to form a solution have been 
described (see, for example, in ASTM Book of Standards, 
Volume 06.03, Paint Pigments, Drying Oils, Polymers, 
Resins, Naval Stores, Cellulosic Esters, and Ink Vehicles.” 
D3132-84, 2002). 
0563. However, due to exceptions to the ability of certain 
liquid components and potential Solute coating components 
to form Solutions, empirically determining the ability of a 
solute to dissolve in a solvent may be desirable in certain 
embodiments. Standard techniques for determining the abil 
ity of a liquid component comprising one or more liquids to 
function as an active solvent, a latent solvent, a diluent, or a 
combination thereof, relative to one or more potential solutes 
are known to those of ordinary skill in the art. For example, 
the Solvency of a liquid component comprising an active 
Solvent (e.g., an oxygenated compound), a latent solvent, a 
diluent (e.g., a hydrocarbon), or a combination thereof, par 
ticularly for use in a lacquer coating, may be determined as 
described in “ASTM Book of Standards, Volume 06.04, 
Paint Solvents; Aromatic Hydrocarbons.” D1720-96, 
2002). In an additional example, the solvency for a liquid 
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component that primarily comprises a hydrocarbon, and 
comprises little or lacks an oxygenated compound, may be 
determined as described in ASTM Book of Standards, Vol 
ume 06.04, Paint Solvents; Aromatic Hydrocarbons.” 
D1133-02, 2002). In a further example, the solvency of a 
Solution comprising liquid componentandan additional coat 
ing component (e.g., a binder) may be used to determined, as 
described in “ASTM Book of Standards, Volume 06.03, 
Paint Pigments, Drying Oils, Polymers, Resins, Naval 
Stores, Cellulosic Esters, and Ink Vehicles, D1545–98, 
D1725-62, D5661-95, D5180-93, D6038-96, D5165-93, and 
D5166-97, 2002. In a supplemental example, the dilutability 
of a solution comprising liquid component (e.g., a solvent and 
diluent) and an additional coating component (e.g., a binder) 
may be used to determined, as described in ASTM Book of 
Standards, Volume 06.03, Paint Pigments, Drying Oils, 
Polymers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles, D5062-96, 2002. 
0564. In certain embodiments, a liquid component may be 
selected on the basis of evaporation rate. The evaporation rate 
of a coating directly affects a physical aspect of film forma 
tion caused by loss of a liquid component, as well as the pot 
life of a coating, such as after a coating container is opened. 
Though the evaporation rate is known for various pure chemi 
cals, one of ordinary skill in the art can empirically determine 
the evaporation rate of a liquid component and/or a coating, in 
“ASTM Book of Standards, Volume 06.01, Paint Tests for 
Chemical, Physical, and Optical Properties: Appearance.” 
D3539-87, 2002. Additionally, the boiling point range of a 
liquid component often is useful in estimating whether the 
liquid component will evaporate faster or slower relative to 
another liquid component. Examples of methods for measur 
ing a boiling point for a liquid component (e.g., a hydrocar 
bon, a chlorinated hydrocarbon) are described in ASTM 
Book of Standards, Volume 06.04, Paint—Solvents; Aro 
matic Hydrocarbons.” D1078-01 and D850-02e1, 2002. The 
evaporation rate is also related to the flash point of a liquid 
component and/or coating. In certain embodiments, a liquid 
component may be selected on the basis of flash point and/or 
fire point, which is a measure of the danger of use of a 
flammable coating composition in, for example, storage, 
application in an indoor environment, etc. A flash point is the 
“lowest temperature at which the liquid gives off enough 
vapor to form an ignitable mixture with air to produce a flame 
when a source of ignition is brought close to the Surface of the 
liquid under specified conditions of test at Standard baromet 
ric pressure (760 mmHG, 101.3 kPa), and a fire point is “the 
lowest temperature at which Sustained burning of the sample 
takes place for at least 5 seconds’ “Paint and Coating Testing 
Manual, Fourteenth Edition of the Gardner-Sward Hand 
book” (Koleske, J. V. Ed.), pp. 140 and 142, 1995. Examples 
of methods for measuring the flash point and/or fire point for 
a liquid component and/or a coating are described in and 
“ASTM Book of Standards, Volume 06.01, Paint Tests for 
Chemical, Physical, and Optical Properties: Appearance.” 
D1310-01, D3934-90, D3941-90, and D3278-96e1, 2002. 
0565 Though it is contemplated that most or all liquid 
component will be lost from a coating composition during 
film formation, a liquid component may still contribute to the 
visual properties of a coating and/or film. In embodiments 
wherein a liquid component is selected as a colorizing agent, 
the color and/or darkness of the liquid may be empirically 
measured (see, for example, ASTM Book of Standards, Vol 
ume 06.04, Paint Solvents; Aromatic Hydrocarbons.” 
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D1209-00, D1686-96, and D5386-93b, 2002); and “ASTM 
Book of Standards, Volume 06.01, Paint Tests for Chemi 
cal, Physical, and Optical Properties: Appearance.” D1544 
98, 2002. In some embodiments, a liquid component and/or 
coating may be selected on the basis of odor (e.g., faint odor, 
pleasant odor, etc.). A coating or coating component can be 
evaluated for Suitability in a particular application based on 
odor using, for example, techniques described in ASTM 
Book of Standards, Volume 06.04, Paint—Solvents; Aro 
matic Hydrocarbons.” D1296-01, 2002; and “ASTM Book of 
Standards, Volume 06.01, Paint Tests for Chemical, Physi 
cal, and Optical Properties: Appearance.” D6165-97, 2002. 

(1) Hydrocarbons 

0566. A hydrocarbon is typically obtained as a petroleum 
product, a vegetable product, or a combination thereof. As a 
consequence of imperfect purification (e.g., distillation) from 
these sources, a hydrocarbon is often a mixture of chemical 
components. A hydrocarbon may be selected as an active 
Solvent to dissolve an oil (e.g., a drying oil), an alkyd, an 
asphalt, a rosin, a petroleum product, or a combination 
thereof. A hydrocarbon is more suitable as a latent solvent or 
diluent in embodiments wherein an acrylic resin, an epoxide 
resin, a nitrocellulose resin, an urethane resin, or a combina 
tion thereof is to be dissolved. However, a hydrocarbon gen 
erally is immiscible in water. 

(i) Aliphatic Hydrocarbons 

0567. In general embodiments, an aliphatic hydrocarbon 
may be selected as an active solvent for an alkyd, an oil, wax, 
a polyisobutene, a polyethylene, a poly(butyl acrylate), a 
poly(butyl methacrylate), a poly(Vinyl ethers), or a combina 
tion thereof. In other embodiments, an aliphatic hydrocarbon 
may be selected as a diluent in combination with an additional 
liquid component. In alternative embodiments wherein an 
aliphatic hydrocarbon is selected as a non-solvent liquid com 
ponent, a composition comprising a polar binder, a cellulose 
derivative, or a combination thereof, is usually insoluble. An 
aliphatic hydrocarbon is often selected as a liquid component 
in embodiments wherein a chemically inert liquid component 
is desired. Examples of an aliphatic hydrocarbon include, a 
petroleum ether, pentane (CAS No. 109-66-0), hexane (CAS 
No. 110-54-3), heptane (CAS No. 142-82-5), isododecane 
(CAS No. 13475-82-6), a kerosene, a mineral spirit, a VMP 
naphthas or a combination thereof. A hexane, a heptane, or a 
combination thereof, may be selected for a coating wherein 
rapid evaporation of such a liquid component is desired (e.g., 
a fast drying lacquer). An example of an azeotrope compris 
ing an aliphatic hydrocarbon includes an azeotrope compris 
ing hexane. Examples of an azeotrope comprising a majority 
of hexane (BP 65° C. to 70° C.) include those comprising 
2.5% isobutanol (azeotrope BP 68.3°C.); 5.6% water (A-BP 
61.6°C.); 21% ethanol (A-BP 58.7°C.); 22% isopropyl alco 
hol (A-BP 61.0° C.); 26.9% methanol (A-BP 50.0° C.); 37% 
methyl ethyl ketone (A-BP 64.2°C.); or 42% ethyl acetate 
(A-BP 65.0° C). 
0568. As would be known to one of ordinary skill in the 

art, an aliphatic hydrocarbon can comprise a petroleum dis 
tillation product of heterogeneous chemical composition. 
Such an aliphatic hydrocarbon may be classified by a physical 
and/or chemical property (e.g., boiling point range, flash 
point, evaporation rate) (see, for example, ASTM Book of 
Standards, Volume 06.04, Paint Solvents; Aromatic Hydro 
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carbons.” D235-02 and D3735, 2002). In certain embodi 
ments, such a petroleum distillation product aliphatic hydro 
carbon may be classified, for example, as a mineral spirit, a 
VMP naphthas or a kerosene (e.g., deodorized kerosene). A 
mineral spirit (“white spirit.” “petroleum spirit”) is a petro 
leum distillation fraction with a boiling point between 149°C. 
to 204' C., including all intermediate ranges and combina 
tions thereof, and a flash point of 38°C. or greater. A mineral 
spirit may further be classified as a regular mineral spirit, 
which possesses the properties previously described for a 
mineral spirit; a high flash mineral spirit, which possesses a 
higher minimum flashpoint (e.g., 55°C. or greater); a low dry 
point mineral spirit (“Stoddard solvent'), which typically 
evaporates 50% faster than a regular mineral spirit; or an 
odorless mineral spirit, which generally possesses less odor 
than a regular mineral spirit, but may also possess relatively 
weaker Solvency property. A mineral spirit may be selected 
for embodiments wherein a solvent and/or diluent is desired 
for an alkyd coating, a chlorinated rubber coating, an oil 
coating, a vinyl chloride copolymer coating, or a combination 
thereof. AVMP naphtha possess a similar solvency property 
as a mineral spirit, but evaporates faster with a BP of 121°C. 
to 149° C., including all intermediate ranges and combina 
tions thereof, and typically has a flashpoint of 4°C. or greater. 
AVMP naphtha may further be classified as a regular VMP 
naphtha, which possesses the properties previously described 
for a VMP naphtha; a high flash VMP naphtha, which pos 
sesses a higher minimum flash point (e.g., 34°C. or greater); 
or an odorless VMP naphtha, which generally possesses less 
odor than a regular mineral spirit. A VMP naphtha may be 
selected for a coating that is spray applied, an industrial 
coating, or a combination thereof. A petroleum ether is a 
petroleum distillation fraction with a boiling point between 
35° C. to 80°C., including all intermediate ranges and com 
binations thereof, with a low flash point (e.g., -46°C.), and 
may be used in embodiments wherein rapid evaporation is 
desired. 

(ii) Cycloaliphatic Hydrocarbons 

0569. In embodiments wherein a cycloaliphatic hydrocar 
bon is selected as a solvent, a composition comprising an oil, 
alkyd, bitumen, rubber, or a combination thereof, usually can 
be dissolved. In alternative embodiments wherein a 
cycloaliphatic hydrocarbon is selected as a non-solvent liquid 
component, a composition comprising a polar binder Such as 
a urea-formaldehyde binder, a melamine-formaldehyde 
binder, a phenol-formaldehyde binder; a cellulose derivative, 
Such as, a cellulose ester binder; or a combination thereof, is 
usually insoluble. A cycloaliphatic hydrocarbon is generally 
soluble in other organic solvents, but not soluble in water. 
Examples of a cycloaliphatic hydrocarbon include cyclohex 
ane (CAS No. 110-82-7); methylcyclohexane (CAS No. 108 
87-2); ethylcyclohexane (CAS No. 1678-91-7); tetrahy 
dronaphthalene (CAS No. 119-64-2); decahydronaphthalene 
(CAS No. 91-17-8); or a combination thereof. Tetrahy 
dronaphthalene is often selected for coatings wherein oxida 
tion of a binder is preferable during film formation; a high 
gloss is preferable in a film, Smooth Surface is preferable in a 
film, or a combination thereof. An example of an azeotrope 
comprising a cycloaliphatic hydrocarbon includes an azeo 
trope comprising cyclohexane. Examples of an azeotrope 
comprising a majority of cyclohexane (BP80.5° C. to 81.5° 
C.) include those comprising 8.5% water (A-BP 69.8° C.); 
10% butanol (A-BP 79.8° C): 14% isobutanol (A-BP 78.1 
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C.); 20% propanol (A-BP 74.3° C.); 37% methanol (A-BP 
54.2° C.); or 40% methyl ethyl ketone (A-BP 72.0° C.). 

(iii) Terpene Hydrocarbons 

0570 A terpene typically possesses a superior solvency 
property, stronger odor, or a combination thereof, relative to 
an aliphatic hydrocarbon. Examples of a terpene include 
wood terpentine oil (CAS No. 8008-64-2); pine oil (CAS No. 
8000-41-7); C-pinene (CAS No. 80-56-8); B-pinene; dipen 
tene (CAS No. 138-86-3); D-limonene (CAS No. 5989-27 
5); or a combination thereof. Dipentene may be selected for 
embodiments wherein a Superior solvency property, a slower 
evaporation rate, or a combination thereof, relative to a tur 
pentine, is desired. Pine oil may be classified as an oxygen 
ated compound, but is described under hydrocarbons due to 
convention by those of skill in the art. Pine oil generally 
comprises a terpene alcohol. Pine oil may be selected for 
embodiments wherein a greater range of solvency for Solutes, 
a slow evaporation rate, or a combination thereof, is desired. 
An example of an azeotrope comprising a terpene includes an 
azeotrope comprising C-pinene. An example of an azeotrope 
comprising a majority of C-pinene (BP 154.0° C. to 156.0° 
C.) includes an azeotrope comprising 35.5% cyclohexanol 
(A-BP 149.9° C.). 
0571. As would be known to one of ordinary skill in the 

art, a terpene hydrocarbon (“terpene') can comprise a by 
product from pines tree and/or citrus processing of heteroge 
neous chemical composition. Such a terpene hydrocarbon 
(e.g., a terpentine) may be classified by a physical and/or 
chemical property (see, for example, ASTM Book of Stan 
dards, Volume 06.03, Paint Pigments, Drying Oils, Poly 
mers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles. D804-02, D13-02, D233-02, D801-02, D802-02, 
and D6387-99, 2002. Examples of a terpentine include a gum 
turpentine, a steam-distilled wood turpentine, a Sulfate wood 
turpentine, a destructively distilled wood turpentine, or a 
combination thereof. Both a gum turpentine and a Sulfate 
wood turpentine generally comprise a combination of 
C-pinene and a lesser quantity off-pinene. A steam-distilled 
wood terpentine generally comprises C-pinene and a lesser 
component of dipentene and one or more other terpenes. 
Destructively distilled wood turpentine generally comprises 
various aromatic hydrocarbons and a lesser quantity of one or 
more terpenes. 

(iv) Aromatic Hydrocarbons 

0572 An aromatic hydrocarbon typically possesses a 
greater Solvency property and/or odor relative to other hydro 
carbon types. Examples of an aromatic hydrocarbon include 
benzene (CAS No. 71-43-2); toluene (CAS No. 108-88-3: 
“methylbenzene'); ethylbenzene (CAS No. 100-41-4); 
xylene (CAS No. 1330-20-7); cumene (isopropylbenzene: 
CAS No. 98-82-8); a type I high flash aromatic naphthas; a 
type II high flash aromatic naphthas; mesitylene (CAS No. 
108-67-8); pseudocumene (CAS No. 95-63-6); cymol (CAS 
No. 99-87-6); styrene (CAS No. 100-42-5); or a combination 
thereof. Xylene typically comprises o-xylene (CAS No. 
56004-61-6); m-xylene (CAS No. 108-38-3); p-xylene (CAS 
No. 41051-88-1); and trace ethylbenzene. Toluene may be 
selected for embodiments wherein rapid evaporation is 
desired. In specific aspects, toluene may be selected for a 
spray applied coating, an industrial coating, or a combination 
thereof. Xylene may be selected for embodiments wherein a 
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moderate evaporation rate is desired. In specific aspects, 
Xylene may be selected for an industrial coating. As would be 
known to one of ordinary skill in the art, an aromatic hydro 
carbon may comprise a petroleum-processing product of het 
erogeneous chemical composition Such as a high flash aro 
matic naphtha (e.g., type I, type II). A type I high flash 
aromatic naphtha and type II high flash aromatic naphtha 
possess a minimum flash point of 38°C. and 60°C., respec 
tively. Standards for the characteristic chemical an/or physi 
cal property of an aromatic naphtha are known to those of 
ordinary skill in the art (see, for example, ASTM Book of 
Standards, Volume 06.04, Paint Solvents; Aromatic Hydro 
carbons.” D3734, 2002). A high flash naphtha typically has a 
slow evaporation rate. In specific embodiments, a high flash 
aromatic naphtha may be used in an industrial coating, a 
coating that is baked, or a combination thereof. An example of 
a high flash aromatic is Solvesso 100 (CAS No. 64742-95-6). 
Examples of an azeotrope comprising an aromatic hydrocar 
bon include an azeotrope comprising toluene or m-Xylene. 
Examples of an azeotrope comprising a majority of toluene 
(BP 110° C. to 111° C.) include those comprising 27% 
butanol (A-BP 105.6°C.); or 44.5% isobutanol (A-BP 100.9° 
C.). Examples of an azeotrope comprising a majority of 
m-xylene (BP 137.0°C. to 142.0°C.) include those compris 
ing 14% cyclohexanol (A-BP 143.0° C.); or 40% water 
(A-BP 94.5° C). 

(2) Oxygenated Compounds 

0573. An oxygenated compound ('oxygenated liquid 
compound') is typically chemically synthesized by standard 
chemical manufacturing techniques. As a consequence, an 
individual oxygenated compound is typically an extremely 
homogenous chemical composition, with singular, rather 
thana range of chemical and physical properties. The oxygen 
moiety of an oxygenated compound generally enhances the 
strength and breadth of solvency for potential solutes relative 
to a hydrocarbon. Additionally, an oxygenated compound 
typically has some or complete miscibility with water. 
Examples of an oxygenated compound include an alcohol, an 
ester, a glycol ether, a ketone, or a combination thereof. As 
would be known to one of ordinary skill in the art, a liquid 
component often comprises a combination of an alcohol, an 
ester, a glycol ether, a ketone and/or an addition liquid to 
produce Suitable chemical and/or physical properties for a 
coating and/or film. 

(i) Alcohols 

0574. An alcohol comprises an alcohol moiety. However, 
a preferred “alcohol comprises a single hydroxyl moiety. 
The alcohol moiety confers miscibility with water. Conse 
quentially, increasing molecular size of an alcohol compris 
ing a single alcohol moiety generally reduces miscibility with 
water. Alcohols typically possess a mild and/or pleasant odor. 
Analcohol is typically a poor primary solvent, though ethanol 
is an exception relative to a solute comprising a phenolic 
and/or polyvinyl resin. An alcohol may be selected as a latent 
Solvent, co-solvent, a coupling solvent, a diluent, or combi 
nation thereof such as with Solute comprising a nitrocellulose 
lacquer, melamine-formaldehyde, urea formaldehyde, alkyd, 
or combination thereof. Examples of an alcohol include 
methanol (CAS No. 67-56-1); ethanol (CAS No. 64-17-5): 
propanol (CAS No. 71-23-8); isopropanol (CAS No. 67-63 
0): 1-butanol (CAS No. 71-36-3); isobutanol (CAS No. 
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78-83-1): 2-butanol (CAS No. 78-92-2); tert-butanol (CAS 
No. 75-65-0): amyl alcohol (CAS No. 71-41-0); isoamyl 
alcohol (123-51-3); hexanol (25917-35-5); methylisobutyl 
carbinol (CAS No. 108-11-2); 2-ethylbutanol (CAS No. 
97-95-0); isooctyl alcohol (CAS No. 26952-21-6); 2-ethyl 
hexanol (CAS No. 104-76-7); isodecanol (CAS No. 25339 
17-7); cylcohexanol (CAS No. 108-93-0); methylcyclohex 
anol (CAS No. 583-59-5); trimethylcyclohexanol; benzyl 
alcohol (CAS No. 100-51-6); methylbenzyl alcohol (CAS 
No. 98-85-1); furfuryl alcohol (CAS No. 98-00-0); tetrahy 
drofurfuryl alcohol (CAS No. 97-99-4); diacetone alcohol 
(CAS No. 123-42-2); trimethylcyclohexanol (116-02-9); or a 
combination thereof. Furfuryl alcohol and tetrahydrofurfuryl 
alcohol may be selected as a primary solvent for a polyvinyl 
binder. Examples of an azeotrope comprising an alcohol 
includeanazeotrope comprising butanol, ethanol, isobutanol, 
or methanol. Examples of an azeotrope comprising a majority 
of butanol (BP 117.7° C.) include those comprising 97% 
butanol and 3% hexane (A-BP 67° C.); 32% p-xylene (A-BP 
115.7° C.); 32.8% butyl acetate (A-BP 117.6° C); 44.5% 
water (A-BP 93° C.); or 50% isobutyl acetate (A-BP 114.5° 
C.). Examples of an azeotrope comprising a majority of etha 
nol (BP 78.3° C.) include those comprising 4.4% water 
(A-BP 78.2°C.); or 32% toluene (A-BP 76.7°C.). Examples 
of an azeotrope comprising a majority of isobutanol (BP 
107.7° C.) include those comprising 2.5% hexane (A-BP 
68.3°C.); 5% isobutyl acetate (A-BP 107.6° C.); 17% p-xy 
lene (A-BP 107.5°C.); 33.2% water (A-BP89.9°C.); or 48% 
butyl acetate (A-BP 80.1° C.). An example of an azeotrope 
comprising a majority of methanol (BP 64.6°C.) includes an 
azeotrope comprising 30% methyl ethyl ketone (A-BP 63.5° 
C.). 

(ii) Ketones 
0575. A ketone comprises a ketone moiety. However, a 
preferred ketone comprises a single ketone moiety. A ketone 
generally possesses some miscibility with water, and a strong 
odor. In general embodiments, a ketone may be selected as a 
primary Solvent, thinner, or combination thereof. Examples 
of a ketone include acetone (CAS No. 67-64-1); methyl ethyl 
ketone (CAS No. 78-93-3); methyl propyl ketone (CAS No. 
107-87-9); methyl isopropyl ketone (CAS No. 563-80-4); 
methylbutyl ketone (CAS No. 591-78-6); methyl isobutyl 
ketone (CAS No. 108-10-1); methyl amylketone (CAS No. 
110-43-0); methyl isoamyl ketone (CAS No. 110-12-3); 
diethyl ketone (CAS No. 96-22-0); ethyl amyl ketone (CAS 
No. 541-85-5); dipropyl ketone (CAS No. 110-43-0); diiso 
propyl ketone (CAS No. 565-80-0); cyclohexanone (CAS 
No. 108-94-1); methylcylcohexanone (CAS No. 1331-22-2); 
trimethylcyclohexanone (CAS No. 873-94-9); mesityl oxide 
(CAS No. 141-79-7); diisobutyl ketone (CAS No. 108-83-8); 
isophorone (CAS No. 78-59-1); or a combination thereof. 
Acetone may be selected for complete miscibility in water, 
fast evaporation, or a combination thereof. In certain embodi 
ments, acetone may be used as a liquid component in an 
aerosol, a spay-applied coating, or a combination thereof. In 
specific aspects, acetone may be used as a thinner. In other 
aspects, acetone may be used in a coating wherein nitrocel 
lulose, an acrylic, or a combination thereof, is dissolved. 
Methyl ethyl ketone, methyl isobutyl ketone, and isophorone 
may be selected in embodiments wherein a fast evaporation 
rate, moderate evaporation rate, or slow evaporation rate, 
respectively, is desired. In specific facets, isophorone may be 
selected for a baked coating, an industrial coating, or a com 

Sep. 30, 2010 

bination thereof. Examples of an azeotrope comprising a 
ketone include an azeotrope comprising acetone, methyl 
ethyl ketone or methyl isobutyl ketone. Examples of an azeo 
trope comprising a majority of acetone (BP 56.2°C.) include 
those comprising 12% methanol (A-BP 55.7° C.); or 41% 
hexane (A-BP 49.8°C.). Examples of an azeotrope compris 
ing a majority of methyl ethyl ketone (BP 79.6°C.) include 
those comprising 11% water (A-BP 73.5°C.); 32% isopropyl 
alcohol (A-BP 77.5° C); or 34% ethanol (A-BP 74.8° C.). 
Examples of an azeotrope comprising a majority of methyl 
isobutyl ketone (BP 114° C. to 117°C.) include those com 
prising 24.3% water (A-BP87.9°C.); or 30% butanol (A-BP 
114.35° C). 

(iii) Esters 

0576 An ester may comprise an alkyl acetate, an alkyl 
propionate, a glycol ether acetate, or a combination thereof. 
An ester generally possesses a pleasant odor. In general 
embodiments, an ester possesses a solubility property that 
decreases with increasing molecular weight. A glycol ester 
acetate typically possesses a slow evaporation rate. In specific 
aspects, a glycol ester acetate may be selected as a retarder 
Solvent, a coalescent, or a combination thereof. Examples of 
an ester include methyl formate (CAS No. 107-31-3); ethyl 
formate (CAS No. 109-94-4); butyl formate (CAS No. 592 
84–7); isobutyl formate (CAS No. 542-55-2); methyl acetate 
(CAS No. 79-20-9): ethyl acetate (CAS No. 141-78-6); pro 
pyl acetate (CAS No. 109-60-4); isopropyl acetate (CAS No. 
108-21-4); butyl acetate (CAS No. CAS-No. 123-86-4); 
isobutyl acetate (CAS No. 110-19-0); sec-butyl acetate (CAS 
No. 105-46-4); amyl acetate (CAS No. 628-63-7); isoamyl 
acetate (CAS No. 123-92-2); hexyl acetate (CAS No. 142 
92-7); cyclohexyl acetate (CAS No. 622-45-7); benzyl 
acetate (CAS No. 140-11-4); methylglycol acetate (CAS No. 
110-49-6); ethylglycol acetate (CAS No. 111-15-9); butyl 
glycol acetate (CAS No. 112-07-2); ethyl diglycol acetate 
(CAS No. 111-90-0); butyl diglycol acetate (CAS No. 124 
17-4): 1-methoxypropyl acetate (CAS No. 108-65-6); ethox 
ypropyl acetate (CAS No. 54839-24-6): 3-methoxybutyl 
acetate (CAS No. 4435-53-4); ethyl 3-ethoxypropionate 
(CAS No. 763-69-9); isobutyl isobutyrate (CAS No. 97-85 
8): ethyl lactate (CAS No. 97-64-3); butyl lactate (CAS No. 
138-22-7); butyl glycolate (CAS No. 7397-62-8); dimethyl 
adipate (CAS No. 627-93-0); glutarate (CAS No. 119-40-0): 
succinate (CAS No. 106-65-0); ethylene carbonate (CAS No. 
96-49-1); propylene carbonate (CAS No. 108-32-7); butyro 
lactone (CAS No. 96-48-0); or a combination thereof. Ethyl 
ene carbonate and propylene carbonate generally possess a 
high flash point, a slow evaporation rate, a weak odor, or a 
combination thereof. Ethylene carbonate is preferred for use 
in coatings at temperatures greater than 25° C. Examples of 
an azeotrope comprising an ester include an azeotrope com 
prising butyl acetate, ethyl acetate or methyl acetate. 
Examples of an azeotrope comprising a majority of butyl 
acetate (BP 124°C. to 128°C.) include those comprising 27% 
water (A-BP 90.7°C.) or 35.7% ethylglycol (A-BP 125.8° 
C.). Examples of an azeotrope comprising a majority of ethyl 
acetate (BP 76° C. to 77° C.) include those comprising 5% 
cyclohexanol (A-BP153.8°C.); 8.2% water (A-BP 70.4°C.); 
22% methyl ethyl ketone (A-BP 76.7° C.); 23% isopropyl 
alcohol (A-BP 74.8° C.); or 31% ethanol (A-BP 71.8° C.). An 
example of an azeotrope comprising a majority of methyl 
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acetate (BP 55.0°C-57.0°C.) includes an azeotrope compris 
ing 19% methanol (A-BP 54° C.). 

(iv) Glycol Ethers 
0577. A glycol ether comprises an alcohol moiety and an 
ether moiety. The glycol ether generally possesses good sol 
Vency, high flash point, slow evaporation rate, mild odor, 
miscibility with water, or a combination thereof. In some 
embodiments, a glycol ether may be selected as a coupling 
Solvent, a thinner, or a combination thereof. In particular 
aspects, a glycol ether may be selected as a liquid component 
of a lacquer. Examples of a glycol ether include methylglycol 
(CAS No. 109-86-4); ethylglycol (CAS No. 110-80-5); pro 
pyl glycol (CAS No. 2807-30-9); isopropyl glycol (CAS No. 
109-59-1); butylglycol (CAS No. 111-76-2); methyl diglycol 
(111-77-3); ethyl diglycol (CAS No. 111-90-0); butyl digly 
col (CAS No. 112-34-5): ethyltriglycol (CAS No. 112-50-5): 
butyl triglycol (CAS No. 143-22-6); diethylene glycol dim 
ethyl ether (CAS No. 111-96-6); methoxypropanol (CAS No. 
107-98-2); isobutoxypropanol (CAS No. 23436-19-3); 
isobutyl glycol (CAS No. 4439-24-1); propylene glycol 
monoethyl ether (CAS No. 52125-53-8): 1-isopropoxy-2- 
propanol (CAS No. 3944-36-3); propylene glycol mono-n- 
propyl ether (CAS No. 30.136-13-1); propylene glycol n-bu 
tyl ether (CAS No. 5131-66-8); methyl dipropylene glycol 
(CAS No. 34590-94-8); methoxybutanol (CAS No. 30677 
36-2); or a combination thereof. An example of an azeotrope 
comprising a glycol ether includes an azeotrope comprising 
ethylglycol. An example of an azeotrope comprising a major 
ity of ethylglycol (BP 134° C. to 137° C.) includes an azeo 
trope comprising 50% dibutyl ether (A-BP 127° C.). 

(v) Ethers 
0578 Examples of an ether include diethyl ether (CAS 
No. 60-29-7); diisopropyl ether (CAS No. 108-20-3): dibutyl 
ether (CAS No. 142-96-1); di-sec-butyl ether (CAS No. 
6863-58-7); methyl tert-butyl ether (CAS No. 1634-04-4); 
tetrahydrofuran (CAS No. 109-99-9): 1,4-dioxane (CAS No. 
123-91-1); metadioxane (CAS No. 505-22-6); or a combina 
tion thereof. Tetrahydrofuran may be selected as a primary 
Solvent for a polyvinyl binder. An example of an azeotrope 
comprising an ether includes an azeotrope comprising tet 
rahydrofuran. An example of an azeotrope comprising a 
majority of tetrahydrofuran (BP 66°C.) includes an azeotrope 
comprising 5.3% water (A-BP 64.0° C.). 

(3) Chlorinated Hydrocarbons 
0579. A chlorinated hydrocarbon generally comprises a 
hydrocarbon, wherein the hydrocarbon comprises a chloride 
atom moiety. A chlorinated hydrocarbon generally possesses 
a very high degree of non-flammability, and consequently 
lacks a flash point. A chlorinated hydrocarbon may be 
selected for embodiments where high flashpoint is desired. In 
particular facets, a chlorinated hydrocarbon may be added to 
a liquid component to reduce the liquid component's flash 
point. In certain facets, it is less preferred that a chlorinated 
hydrocarbon be combined with a mineral spirit, methylene 
chloride, or a combination thereof, wherein reduction of the 
flash point is desired. In particular aspects, a chlorinated 
hydrocarbon (e.g., methylene chloride, trichloroethylene) 
may be selected as a solvent for removal of hydrophobic 
material from a surface (e.g., grease, an undesired coating 
and/or film). However, a chlorinated hydrocarbon may be less 
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preferred due to an environmental regulation or law. 
Examples of a chlorinated hydrocarbon include methylene 
chloride (CAS No. 75-09-2; “dichloromethane'); trichlo 
romethane (CAS No. 67-66-3); tetrachloromethane (CAS 
No. 56-23-5): ethyl chloride (CAS No. 75-00-3); isopropyl 
chloride (CAS No. 75-29-6); 1,2-dichloroethane (CAS No. 
107-06-2): 1,1,1-trichloroethane (CAS No. 71-55-6; “meth 
ylchloroform'); trichloroethylene (CAS No. 79-01-6); 1,1,2, 
2-tetrachlorethane (CAS No. 79-55-6); 1,2-dichloroethylene 
(CAS No. 75-35-4); perchloroethylene (CAS No. 127-18-4); 
1,2-dichloropropane (CAS No. 78-87-5); chlorobenzene 
(CAS No. 108-90-7); or a combination thereof. Methylene 
chloride may be selected for embodiments wherein a fast 
evaporation rate is desired. 1,1,1-trichloroethane may be 
selected for embodiments wherein a photochemically inert 
liquid component is desired. Additionally, methylene chlo 
ride may be selected as a coating remover. Examples of an 
azeotrope comprising a chlorinated hydrocarbon include an 
azeotrope comprising methylene chloride, trichloroethylene 
or 1,1,1-trichloroethane. Examples of an azeotrope compris 
ing a majority of methylene chloride (BP 40.2°C.) include 
those comprising 1.5% water (A-BP38.1° C.); 3.5% ethanol 
(A-BP 41.0°C.); or 8% methanol (A-BP39.2° C.). Examples 
of an azeotrope comprising a majority of trichloroethylene 
(BP 86.7° C.) include those comprising 6.6% water (A-BP 
72.9° C.); 27% ethanol (A-BP 70.9° C); or 36% methanol 
(A-BP 60.2°C.). An example of an azeotrope comprising a 
majority of 1,1,1-trichloroethane (BP 74.0° C.) includes an 
azeotrope comprising 4.3% water (A-BP 65.0°C.). 

(4) Nitrated Hydrocarbon 

0580 A nitrated hydrocarbon comprises a hydrocarbon, 
wherein the hydrocarbon comprises a nitrogen atom moiety. 
Examples of a nitrated hydrocarbon include a nitroparaffin, 
N-methyl-2-pyrrolidone (“NMP), or a combination thereof. 
Examples of a nitroparaffin include nitroethane, 
nitromethane, nitropropane, 2-nitropropane ("2NP), or a 
combination thereof. 2-nitropropane may be selected for 
embodiments as a substitute for butyl acetate relative to a 
Solvent property, but wherein a greater evaporation rate is 
desired. N-methyl-2-pyrrolidone may be selected for 
embodiments wherein a strong solvent property, miscibility 
with water, high flash point, biodegradability, low toxicity, or 
a combination thereof is desired. In certain aspects, N-me 
thyl-2-pyrrolidone may be used in a water-borne coating, a 
coating remover, or a combination thereof. 

(5) Miscellaneous Organic Liquids 

0581. A miscellaneous organic liquid is a liquid compris 
ing carbon that are useful as a liquid component for a coating, 
but are not readily classified as a hydrocarbon, an oxygenated 
compound, a chlorinated hydrocarbon, a nitrated hydrocar 
bon, or a combination thereof. Examples of a miscellaneous 
organic liquid include carbon dioxide; acetic acid, methylal 
(CAS No. 109-87-5); dimethylacetal (CAS No. 534-15-6): 
N,N-dimethylformamide (CAS No. 68-12-2); N,N-dimethy 
lacetamide (CAS No. 127-19-5); dimethylsulfoxide (CAS 
No. 67-68-5); tetramethylene suflone (CAS No. 126-33-0): 
carbon disulfide (CAS No. 75-15-0); 2-nitropropane (CAS 
No. 79-46-9); N-methylpyrrolidone (CAS No. 872-50-4); 
hexamethylphosphoric triamide (CAS No. 680-31-9); 1,3- 
dimethyl-2-imidazolidinone (CAS No. 80-73-9); or a combi 
nation thereof. As would be known to one of ordinary skill in 
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the art, carbon dioxide may function as a liquid component 
when prepared under pressure and temperature conditions to 
form a Supercritical liquid. A Supercritical liquid has proper 
ties between that of a liquidandagas, and can be used in spray 
application of a coating wherein the appropriate pressure 
conditions can be maintained. Supercritical carbon dioxide 
may be formulated with a coating using the tradename tech 
nique UnicarbTM (Union Carbide Chemicals and Plastics Co., 
Inc.). Supercritical carbon dioxide may be selected as a Sub 
stitute for a hydrocarbon diluent in embodiments wherein 
chemical inertness, non-flammability, rapid evaporation, or a 
combination thereof, is desirable. In certain aspects, 0% to 
30%, including all intermediate ranges and combinations 
thereof, of a hydrocarbon liquid component may be replaced 
with supercritical carbon dioxide. 

b. Plasticizers 

0582. In certain embodiments, a coating may comprise a 
plasticizer. A plasticizer may be selected for embodiments 
wherein the resin possesses an unsuitable brittleness and/or 
low flexibility property upon film formation. Properties a 
plasticizer typically confers to a coating and/or film include, 
for example, enhancing a flow property of a coating, lowering 
a film-forming temperature range, enhancing the adhesion 
property of a coating and/or film, enhancing the flexibility 
property of a film, lowering the T improving film toughness, 
enhancing film heat resistance, enhancing film impact resis 
tance, enhancing UV resistance, or a combination thereof. 
Since a function of a plasticizer typically is to alter a film's 
properties, most plasticizer's possess a high (e.g., baking 
temperature) boiling point, as Such a compound is generally 
less volatile, with increasing boiling point temperature. In 
certain aspects, a plasticizer may function as a solvent, thin 
ner, diluent, plasticizer, or combination thereof, for a coating 
composition and/or film at a temperature greater than ambient 
conditions. 
0583. A plasticizer is thought to interact with a binder by 
a polar interaction, but is chemically inert relative to the 
binder. A plasticizer typically will lower the T of a binder 
below the temperature a coating comprising the binder will be 
applied to a surface. In many embodiments, a plasticizer have 
a vapor pressure less than 3 mm at 200°C., a mass of 200 Da 
to 800 Da, a specific gravity of 0.75 to 1.35, a viscosity of 50 
cSt to 450 cSt, a flash point temperature greater than 120°C., 
or a combination thereof. Preferred plasticizers comprise an 
organic liquid (e.g., an ester). Standards for physical proper 
ties, chemical properties, and/or procedures for testing purity/ 
properties, are described for plasticizers (e.g., undesired acid 
ity, color, undesired copper corrosion, boiling point, ester 
content, odor, undesirable water contamination) in, for 
example, ASTM Book of Standards, Volume 06.04, Paint— 
Solvents: Aromatic Hydrocarbons.” D1613-02, D1209-00, 
D849-02, D1078-01, D1617-90, D1296-01, D608-90, and 
D1364-02, 2002; and “ASTM Book of Standards, Volume 
06.01, Paint Tests for Chemical, Physical, and Optical 
Properties: Appearance.” D1544-98, 2002. Compatibility of a 
plasticizer with a binder and/or a solvent has been described 
(see, for example, Riley, H. E., “Plasticizers.” Paint Testing 
Manual, American Society for Testing Materials, 1972). 
Additionally, techniques previously described for estimating 
solubility for liquid and an additional coating component may 
be applied for a plasticizer. 
0584 Various plasticizers comprise an ester of a monoal 
cohol and an acid (e.g., a dicarboxylic acid). In many embodi 
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ments, the monoalcohol comprises 4 to 13 carbons. In spe 
cific aspects, the monoalcohol comprises butanol, 
2-ethylhexanol, isononanol, isooctyl, isodecyl, or a combina 
tion thereof. Examples of an acid include an azelaic acid, a 
phthalic acid, a sebacic acid, a trimellitic acid, an adipic acid, 
or a combination thereof. Examples of Such plasticizers 
include di(2-ethylhexyl)azelate (“DOZ’’); di(butyl) sebacate 
(“DBS”); di(2-ethylhexyl) phthalate (“DOP”); di(isononyl) 
phthalate (“DINP'): dibutyl phthalate (“DBP); butylbenzyl 
phthalate (“BBP); di(isooctyl) phthalate (“DIOP”); 
di(idodecyl) phthalate (“DIDP”); tris(2-ethylhexyl) trimelli 
tate (“TOTM); tris(isononyl) trimellitate (“TINTM'); di(2- 
ethylhexyl) adipate (“DOA); di(isononyl) adipate 
(“DINA’); or a combination thereof. 
0585. A plasticizer may be classified by a moiety, such as, 
for example, as an adipate (e.g., DOA, DINA), an aZelate 
(e.g., DOZ), a citrate, a chlorinated plasticizer, an epoxide, a 
phosphate, a sebacate (e.g., DBS), a phthalate (e.g., DOP. 
DINP. DIOP, DIDP), a polyester, or a trimellitate (e.g., 
TOTM, TINTM). An example of a citrate plasticizer includes 
acetyl tri-n-butyl citrate. Examples of an epoxide plasticizer 
include an epoxy modified soybean oil (ESO), 2-ethylhexyl 
epoxytallate (2EH tallate'), or a combination thereof. 
Examples of a phosphate plasticizer include isodecyl diphe 
nyl phosphate, tricresyl phosphate (“TPC), isodecyl diphe 
nylphosphate, tri-2-ethylhexyl phosphate (“TOP”), or a com 
bination thereof. Tricresyl phosphate may function as a 
plastizer, confer flame resistance, confer fungi resistance, or a 
combination thereof to a coating. Examples of a polyester 
plasticizer include an adipic acid polyester, an azelaic acid 
polyester, or a combination thereof. In certain aspects, a plas 
ticizer is selected for water resistance (e.g., hydrolysis resis 
tance, inertness toward water) Such as a bisphenoxyethylfor 
mal. 

c. Water-Borne Coatings 
0586 A water-borne coating (“water reducible coating) 
refers to a coating wherein components such as a pigment, a 
binder, an additive, or a combination thereofare dispersed in 
water. Often, an additional Solvent, Surfactant, emulsifier, 
wetting agent, dispersant, or a combination thereof promotes 
dispersion of a coating component. A latex coating refers to a 
water-borne coating wherein the binder is dispersed in water. 
Typically, a binder of a latex coating comprises a high 
molecular weight binder. Often a latex coating (e.g., a paint, 
a lacquer) is a thermoplastic coating. Film formation occurs 
by loss of the liquid component, typically through evapora 
tion, and fusion of dispersed thermoplastic binder particles. 
Often, a latex coating further comprises a coalescing solvent 
(e.g., diethylene glycol monobutyl ether) that promotes 
fusion of the binder particles. In some embodiments, a film 
produced from a latex coating is more porous, possesses a 
lower moisture resistance property, is less compact (e.g., 
thicker), or a combination thereof, relative to a solvent-borne 
coating comprising similar non-volatile components. Spe 
cific procedures for determining the purity/properties of a 
latex coating, coating component (e.g., Solids content, non 
volatile content, vehicles), and/or film have been described, 
for example, in ASTM Book of Standards, Volume 06.01, 
Paint Tests for Chemical, Physical, and Optical Properties: 
Appearance.” D4747-02 and D4827-93, 2002: ASTM Book 
of Standards, Volume 06.02, Paint Products and Applica 
tions: Protective Coatings; Pipeline Coatings.” D3793-00, 
2002; and “ASTM Book of Standards, Volume 06.03, Paint 
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Pigments, Drying Oils, Polymers, Resins, Naval Stores, Cel 
lulosic Esters, and Ink Vehicles, D5097-90 D4758-92, and 
D4143-89, 2002. 
0587. In certain embodiments, a water-borne coating is a 
coating wherein 50% to 100%, the including all intermediate 
ranges and combinations thereof, of a coating's liquid com 
ponent is water. In general embodiments, the water compo 
nent of a water-borne coating may function as a solvent, a 
thinner, a diluent, or a combination thereof. In certain 
embodiments, a water-borne coating may comprise an addi 
tional non-aqueous liquid component. In specific aspects, 
Such an additional liquid component may function as a sol 
vent, a thinner, a diluent, a plasticizer, or a combination 
thereof. An additional liquid component of a water-borne 
coating may comprise 0% to 49.999%, the including all inter 
mediate ranges and combinations thereof, of the liquid com 
ponent. Examples of additional liquid components in a water 
borne coating include a glycol ether, an alcohol, or a 
combination thereof. 

0588. In certain embodiments, an additional liquid com 
ponent of a water-borne coating may be fully or partly mis 
cible in water. Examples of a liquid that is completely mis 
cible in water, and visa Versa, include methanol, ethanol, 
propanol, isopropyl alcohol, tert-butanol, ethylene glycol, 
methylglycol, ethylglycol, propyl glycol, butyl glycol, ethyl 
diglycol, methoxypropanol, methyldipropylene glycol, diox 
ane, tetrahydorfuran, acetone, diacetone alcohol, dimethyl 
formamide or dimethylsulfoxide. Examples of a liquid that is 
partly miscible in water, by weight at 20°C., include 0.02% 
ethylbenzene: 0.02% tetrachloroethylene; 0.02% p-xylene: 
0.035% toluene: 0.04% diisobutyl ketone: 0.1% tricholoreth 
ylene; 0.19% trimethylcyclohexanol; 0.2% cyclohexyl 
acetate, 0.3% dibutyl ether, 0.3% trimethylcyclohexanone; 
0.44%. 1,1,1-tricholoroethane: 0.53% hexane: 0.58% hex 
anol; 0.67% isobutyl acetate, 0.83% butyl acetate; 1.2% iso 
phorone; 1.4% nitropropane; 1.5% butylglycol acetate; 1.7% 
2-nitropropane; 2.0% methylene chloride; 2.0% methyl 
isobutyl ketone; 2.3% cyclohexanone; 2.9% isopropyl 
acetate; 2.9% methylbenzyl alcohol: 3.6% cyclohexanol: 
4.5% nitroethane; 4.8% methyl tert-butyl ether; 6.1% ethyl 
acetate; 6.9% diethyl ether, 7.5% butanol; 7.5% butylglyco 
late; 8.4% isobutanol; 12.5% 2-butanol; 21.4% propylene 
carbonate; 23.5% ethylglycol acetate; 24% methyl acetate; or 
26.0% methyl ethyl ketone. Examples of an azeotrope com 
prising a majority of water (BP 100° C.) include those com 
prising 16.1% isophorone (A-BP 99.5°C.); 20% 2-ethylhex 
anol (A-BP 99.1° C.); 20% cyclohexanol (A-BP 97.8° C): 
20.8% butyl glycol (A-BP 98.8° C.); or 28.8% ethylglycol 
(A-BP 99.4° C). 
0589 3. Colorants 
0590. A colorant ("colorizing agent') is a composition 
that confers a desirable optical property to a coating. 
Examples of desirable optical properties, depending upon the 
application of the present invention, include a reflection prop 
erty, a light absorption property, a light scattering property, or 
a combination thereof. A colorant that increases the reflection 
of light may increase gloss. A colorant that increased light 
scattering may increase the opacity and/or confer a color to a 
coating and/or film. Light scattering of a broad spectrum of 
wavelengths can confera white color to a coating and/or film. 
Scattering of a certain wavelength may confer a color asso 
ciated with the wavelength to a coating and/or film. Light 
absorption also affects opacity and/or color. Light absorption 
over a broad spectrum confers a black color to a coating 
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and/or film. Absorbance of a certain wavelength may elimi 
nate the color associated with the wavelength from the 
appearance of a coating and/or film. Examples of colorants 
include pigments, dyes, extenders, or a combination thereof. 
Colorants (e.g., pigments, dyes) and procedures for determin 
ing the optical properties and physical properties (e.g., hiding 
power, transparency, light absorption, light scattering, tinting 
strength, color, particle size, particle dispersion, pigment con 
tent, color matching) of a colorant, coating component, coat 
ing and/or film are described in, for example, (in “Industrial 
Color Testing, Fundamentals and Techniques, Second, Com 
pletely Revised Edition.” 1995: “Colorants for Non-Textile 
Applications.” 2000). Various colorants are well known to 
those of ordinary skill in the art, and are often identified by 
their Colour Index (“CI) number (see, for example, “Colour 
Index International, 1971; and “Colour Index International.” 
1997). In some cases, a common name for a colorant encom 
passes several related colorants, which can be differentiated 
by CInumber. 

a. Pigments 
0591 A pigment is a composition that is insoluble in the 
other components of a coating, and further confers a desirable 
optical properties, confers a property affecting the application 
of the coating (e.g., a rheological property), confers a perfor 
mance property to a coating, reduces the cost of the coating, 
or a combination thereof. In certain embodiment, a pigment 
confers a performance property to a coating Such as a desir 
able corrosion resistance property, magnetic property, or a 
combination thereof. Examples of a pigment include an inor 
ganic pigment, an organic pigment, or a combination thereof. 
0592 Pigments possess a variety of properties in addition 
to color that aid in the selection of a particular pigment for a 
specific application. Examples of Such properties include a 
tinctorial property, an insolubility property, a corrosion resis 
tance property, a durability property, a heat resistance prop 
erty, an opacity property, a transparency property, or a com 
bination thereof. A tinctorial property is the ability of a 
composition to produce a color, wherein a greater tinctorial 
strength indicating less of the composition is needed to 
achieve the color. A insolubility property is the ability of a 
composition to remain in a solid form upon contact with 
another coating component (e.g., a liquid component), even 
during a curing process involving chemical reactions (e.g., 
thermosetting, baking, irradiation). A corrosion resistance 
property is the ability of a composition to reduce the damage 
of a chemical (e.g., water, acid) that contacts metal. 
0593 Pigments (e.g., extenders, titanium pigments, inor 
ganic pigments, Surface modified pigments, bismuth Vana 
dates, cadmium pigments, cerium pigment, complex inor 
ganic color pigments, metallic pigments, benzimidazolone 
pigments, diketopyrrolopyrrole pigments, dioxazine violet 
pigments, disazocondensation pigments, isoindoline pig 
ments, isoindolinone pigments, perylene pigments, phthalo 
cyanine pigments, quinacridone pigments, quinophthalone 
pigments, thiazine pigments, oxazine pigments, Zinc sulfide 
pigments, Zinc oxide pigments, iron oxide pigments, chro 
mium oxide pigments, cadmium pigments, cadmium sulfide, 
cadmium yellow, cadmium sulfoselenide, cadmium mercury 
Sulfide, bismuth pigments, chromate pigments, chrome yel 
low, molybdate red, molybdate orange, chrome orange, 
chrome green, fast chrome green, ultramarine pigments, iron 
blue pigments, black pigments, carbon black, specialty pig 
ments, magnetic pigments, cobalt-containing iron oxide pig 
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ments, chromium dioxide pigments, metallic iron pigments, 
barium ferrite pigments, anti-corrosive pigments, phosphate 
pigments, Zinc phosphate, aluminum phosphate, chromium 
phosphate, metal phosphates, multiphase phosphate pig 
ments, borosilicate pigments, borate pigments, chromate pig 
ments, molybdate pigments, lead cyanamide pigments, Zinc 
cyanamide pigments, iron-exchange pigments, metal oxide 
pigments, red lead pigment, red lead, calcium plumbate, Zinc 
ferrite pigments, calcium ferrite pigments, Zinc oxide pig 
ments, powdered metal pigments, Zinc dust, lead powder, 
flake pigments, nacreous pigments, interference pigments, 
natural pearl essence pigment, basic lead carbonate pigment, 
bismuth oxychloride pigment, metal oxide-mica pigments, 
metal effect pigments, transparent pigments, transparent iron 
oxide pigments, transparent iron blue pigment, transparent 
cobalt blue pigment, transparent cobalt green pigment, trans 
parent iron oxide, transparent Zinc oxide, luminescent pig 
ments, inorganic phosphor pigments, Sulfide pigments, 
Selenide pigments, oxysulfide pigments, oxygen dominant 
phosphor pigments, halide phosphor pigments, azo pigments, 
monoazo yellow pigments, monoazo orange pigment, disaZo 
pigments, 8-naphthol pigments, naphthol AS pigments, salt 
type azo pigments, benzimidazolone pigments, disazo con 
densation pigments, metal complex pigments, isoindolinone 
pigments, isoindoline pigments, polycyclic pigments, phtha 
locyanine pigments, quinacrindone pigments, perylene pig 
ments, perinone pigments, diketopyrrolo pyrrole pigments, 
thioindigo pigments, anthrapyrimidine pigments, flavan 
throne pigments, pyranthrone pigments, anthanthrone pig 
ments, dioxanzine pigments, triarylcarbonium pigments, 
quinophthalone pigments) and their chemical properties, 
physical properties and/or optical properties (e.g., color, tint 
ing strength, lightening power, Scattering power, hiding 
power, transparency, light stability, weathering resistance, 
heat stability, chemical fastness, interactions with a binder), 
in coating component, coating and/or film, and techniques for 
determining Such properties, are known to one of ordinary 
skill in the art (see, for example, Solomon, D. H. and Haw 
thorne, D. G., “Chemistry of Pigments and Fillers.” 1983; 
“High Performance Pigments.” 2002: "Industrial Inorganic 
Pigments.” 2002: "Industrial Organic Pigments, Second, 
Completely Revised Edition.” 1993). 
0594 As would be known to one of ordinary skill in the 

art, specific standards for physical properties, chemical prop 
erties, purity, and/or procedures for testing the purity/proper 
ties of various pigments (e.g., lead chromate, chromium 
oxide, phthalocyanine green, a phthalocyanine blue, molyb 
date orange, white Zinc, Zinc oxide, calcium carbonate, 
barium Sulfate, aluminum silicate, diatomaceous silica, mag 
nesium silicate, mica, calcium borosilicate, Zinc hydroxy 
phosphite, aluminum powder, micaceous iron oxide, Zinc 
phosphate, basic lead silicochromate, strontium chromate, 
ochre, lampblack, orange shellac, raw umber, burnt umber, 
raw sienna, burnt Sienna, bone black, carbon black, red iron 
oxide, brown iron oxide, basic carbonate, white lead, white 
titanium dioxide, iron blue, ultramarine blue, chrome yellow, 
chrome orange, hydrated yellow iron oxide, Zinc chromate 
yellow, red lead, para red toner, toluidine red toner, chrome 
oxide green, Zinc dust, cuprous oxide, mercuric oxide, iron 
oxide, anhydrous aluminum silicate, black synthetic iron 
oxide, gold bronze powder, aluminum powder, strontium 
chromate pigment, basic lead silicochromate) for use in a 
coating are described, for example in ASTM Book of Stan 
dards, Volume 06.03, Paint Pigments, Drying Oils, Poly 
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mers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles, D280-01, D2448-85, D126-87, D305-84, D3021 
01, D3256-86, D2218-67, D3280-85, D50-90, D79-86, 
D1199-86, D602-81, D715-86, D603-66, D718-86, D604 
81, D719-91, D605-82, D717-86, D607-82, D716-86, 
D4288-02, D4487-90, D4462-02, D4450-85, D962-81, 
D5532-94, D6280-98, D1648-86, D1649-01, D85-87, D209 
81, D237-57, D763-01, D765-87, D210-81, D561-82, 
D3722-82, D3724-01, D34-91, D81-87, D1301-91, D1394 
76, D261-75, D262-81, D1135-86, D211-67, D768-01, 
D444-88, D3872-86, D478-02, D1208-96, D83-84, D49-83, 
D3926-80, D475-67, D656-87, D970-86, D3721-83, D263 
75, D520-00, D521-02, D283-84, D284-88, D3720-90, 
D361.9-77, D769-01, D476-00, D267-82, D480-88, D1845 
86, D1844-86, and D279-02, 2002; and in “ASTM Book of 
Standards, Volume 06.01, Paint Tests for Chemical, Physi 
cal, and Optical Properties: Appearance.” D5381-93 and 
D6131-97 2002. 

(1) Corrosion Resistance Pigments 
0595 Addition of certain pigments may improve the cor 
rosion resistance of a coating and/or film, or specifically, the 
protection of a metal Surface coated with a coating and/or film 
from corrosion. Often, a primer comprises such pigments. 
Examples of corrosion resistance pigments include alumi 
num flake, aluminum triphosphate, aluminum Zinc phos 
phate, ammonium chromate, barium borosilicate, barium 
chromate, barium metaborate, basic calcium Zinc molybdate, 
basic carbonate white lead, basic lead silicate, basic lead 
silicochromate, basic lead silicosulfate, basic Zinc molyb 
date, basic Zinc molybdate-phosphate, basic Zinc molybde 
num phosphate, basic Zinc phosphate hydrate, bronze flake, 
calcium barium phosphosilicate, calcium borosilicate, cal 
cium chromate, calcium plumbate (CI Pigment Brown 10), 
calcium strontium phosphosilicate, calcium strontium Zinc 
phosphosilicate, dibasic lead phosphite, lead chromosilicate, 
lead cyanamide, lead Suboxide, lead sulfate, mica, micaceous 
iron oxide, red lead (CI Pigment Red 105), steel flake, stron 
tium borosilicate, strontium chromate (Cl Pigment Yellow 
32), tribasic lead phophosilicate, zinc borate, Zinc borosili 
cate, zinc chromate (Cl Pigment Yellow 36), Zinc dust (Cl 
Pigment Metal 6), Zinc hydroxy phosphite, Zinc molybdate, 
Zinc oxide, zinc phosphate (Cl Pigment White 32), Zinc potas 
sium chromate, Zinc silicophosphate hydrate, Zinc tetraoxyl 
chromate, or a combination thereof. 
0596. The selection of a corrosion resistant pigment may 
be made based on the mechanism of corrosion resistance it 
confers to a coating and/or film. Corrosion often occurs as a 
cathodic process wherein a metal Surface acts as a cathode 
and passes electrons to an electron accepter moiety of a cor 
rosive chemical, Such as, for example, hydrogen, oxygen, or 
a combination thereof. Corrosion can also occur as an anodic 
process wherein ionized metal atoms then enter solution. 
Pigments such as, for example, mica, micaceous iron oxide, 
metallic flake pigments (e.g., aluminum, bronze, steel), or a 
combination thereof confer corrosion resistance to a coating 
and/or film by acting as a physical barrier between a metal 
Surface and corrosive chemicals. However, a chemically reac 
tive pigment such as a metal flake pigment be used in an 
environment at or near neutral pH (e.g., pH 6 to pH 8). 
Micaceous iron oxide can be selected for a primer, a topcoat, 
or a combination thereof, and can also function as a UV 
absorber. Aluminum flake may be selected for an industrial 
coating, an automotive coating, an architectural coating, a 
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primer, or a combination thereof. Aluminum flake may addi 
tionally confer heat resistance, moisture resistance, UV resis 
tance, or a combination thereof to a coating and/or film. 
Aluminum flake may also be Stearate modified for use in a 
topcoat. However, aluminum flake may produce gas in a 
coating comprising more than 0.15% water. A metallic Zinc 
pigment (e.g., Zinc flake, Zinc dust) acts by functioning as an 
anode instead of the metal Surface (e.g., Steel). However, the 
effectiveness of a coating's corrosion resistance fades as the 
Zinc pigment is used up in protective reactions. A metallic 
Zinc primer may be selected for a primer, particularly in 
combination with an epoxy topcoat, a urethane topcoat, or a 
combination thereof. 

0597 Red lead and/or basic lead silicochromate can con 
feran orange color, and may be selected for combination with 
an oil-based coating (e.g., a primer), as the pigment chemi 
cally reacts with an oil-based binder to produce a corrosion 
resistant lead soap in the coating and/or film. Red lead and/or 
basic lead is typically selected for a primer in an industrial 
steel coating. 
0598. A barium metaborate pigment acts by retarding an 
anodic process. A barium metaborate pigment is usual chemi 
cally modified by combination with silica to reduce solubility. 
A Zinc borate combined with a Zinc phosphate, a modified 
barium metaborate, or combination thereof demonstrates 
synergistic enhancement of corrosion resistance, as well as 
flame retardancy. 
0599 Zinc potassium chromate may confer a yellow color 
as well as an anticorrosive property. Zinc tetraoxylchromate 
can also confera yellow color, and is typically selected foruse 
in a two pack poly(Viny butyryl) primer. Zinc oxide may be 
selected for an oleoresinous coating, a water-borne coating, a 
primer, or a combination thereof, and may be combined with 
a Zinc chromate and/or calcium borosilicate, and additionally 
may improve thermosetting crosslinking density and/or act as 
a UV absorber. Strontium chromate may confer a yellow 
color, and may be selected for an aluminum Surface, an air 
craft primer, or a combination thereof. Strontium chromate 
may be combined with a Zinc chromate in a water-borne 
coating, though it is preferred that total chromate content is 
less from 0.001% to 2%. Ammonium chromate, barium chro 
mate and calcium chromate may be selected as a corrosion 
inhibitor, particularly as a flash rust inhibitor. 
0600) A zinc molybdate, Zinc phosphate, zinc hydroxy 
phosphite, or a combination thereofmay confera white color. 
These Zinc pigments function by reducing an anodic process, 
though Zinc hydroxy phosphite may form corrosion resistant 
Soap in an oleoresinous-coating. Basic Zinc molybdate typi 
cally is selected for an alkyd-coating, an epoxide-coating, an 
epoxy ester-coating, a polyester-coating, a solvent-borne 
coating, or a combination thereof. Basic Zinc molybdate 
phosphate is similar to basic Zinc molybdate, though it may 
provide Superior corrosion resistance for a rusted Steel Sur 
face. Basic calcium zinc molybdate may be selected for a 
water-borne coating, a two-pack polyurethane coating, a two 
pack epoxy coating, or a combination thereof. A combination 
of basic calcium Zinc molybdate and Zinc phosphate may 
confer a Superior adhesion property to a surface comprising 
iron, and may be selected for a water-borne coating or a 
Solvent-borne coating. A Zinc phosphate may be selected for 
an alkyd coating, a water-reducible coating, a coating cured 
by an acid and baking, or a combination thereof. A Zinc 
phosphate is less preferred for a marine coating for salt water 
embodiments. A modified Zinc phosphate. Such as, for 
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example, aluminum Zinc phosphate, basic Zinc phosphate 
hydrate, Zinc silicophosphate hydrate, basic Zinc molybde 
num phosphate, or a combination thereof may confer 
improved corrosion resistance for a salt water embodiment. 
Zinc hydroxy phosphite may be selected for a solvent-borne 
coating. 
0601. An aluminum triphosphate typically confers a white 
color, acts by chelating ironions, and is preferred for a Surface 
that comprises iron. A grade I aluminum triphosphate is 
modified with zinc and silicate, and may be selected for an 
alkyd-coating, an epoxy coating, a solvent-borne coating, a 
primer, or a combination thereof. A grade II aluminum triph 
osphate is modified with Zinc and silicate, and may be 
selected for a water-borne coating or a solvent-borne coating. 
A grade III aluminum triphosphate is modified with Zinc, and 
may be selected for a water-borne coating or a solvent-borne 
coating. 
0602 Asilicate pigment such as barium borosilicate, cal 
cium borosilicate, strontium borosilicate, Zinc borosilicate, a 
calcium barium phosphosilicate, a calcium strontium phos 
phosilicate, a calcium strontium Zinc phosphosilicate, or a 
combination thereof, typically acts through inhibiting an 
anodic or cathodic process, as well as forming a corrosion 
resistant soap in an oleoresinous-coating. A grade I and/or III 
calcium borosilicate may be selected for a medium oil alkyd 
coating, a long oil alkyd, an epoxy ester-coating, a solvent 
borne coating, an architectural coating, an industrial coating, 
or a combination thereof, but is less preferred for a marine 
coating, an epoxide-coating, a water-borne coating, or a com 
bination thereof. Calcium barium phosphosilicate grade I 
pigment may be selected for a solvent-borne epoxy-coating, 
to confer an antisettling property to a primer comprising zinc, 
or a combination thereof. Calcium barium phosphosilicate 
grade II pigment may be selected for a water-borne coating, 
an alkyd-coating, or a combination thereof. Calcium stron 
tium phosphosilicate may be selected for a water-borne 
acrylic lacquer, a water-borne Sealant, or a combination 
thereof. In aspects wherein a water-borne acrylic lacquer 
comprises calcium strontium phosphosilicate, it is preferred 
that a 1:1 ratio of Zinc phosphate pigment is included. 
0603 Calcium strontium zinc phosphosilicate may be 
selected for an alkyd-coating, an epoxide coating, a coating 
cured by a catalyst and baking, a water-borne coating, or a 
combination thereof. 

(2) Camouflage Pigments 

0604. A camouflage pigment refers to a pigment typically 
selected to camouflage a surface (e.g., a military Surface) 
from visual and, more preferred, infrared detection. 
Examples of a camouflage pigment include an anthraquinone 
black, a chromium oxide green, or a combination thereof. A 
chromium oxide green may be selected for embodiments 
wherein good chemical resistance, dull color, good heat sta 
bility, good infrared reflectance, good light fastness, good 
opacity, good solvent resistance, low tinctorial strength, or a 
combination thereof, is suitable. Anthraquinone black (CI 
Pigment Black20) may be selected for good lightfastness and 
moderate solvent resistance, and is often selected for camou 
flage coatings, due to its infrared absorption property. 

(3) Color Property Pigments 

0605. A color property is the ability of a composition to 
confer a visual color and/or metallic appearance to a coating 
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and/or a coated Surface. Color pigments are often categorized 
by a common name recognized within the art, which often 
encompasses several specific color pigments, each identified 
by a CI number. 

(i) Black Pigments 

0606. A black pigment is a pigment that confers a black 
color to a coating. Examples of black pigments, identified by 
common name with examples of specific pigments in paren 
theses, include aniline black; anthraquinone black; carbon 
black; copper carbonate; graphite; iron oxide; micaceous iron 
oxide; manganese dioxide; or a combination thereof. 
0607 Aniline black (e.g., CI Pigment Black 1); may be 
selected for a deep black color (e.g., strong light absorption, 
low light scattering) and/or fastness. Coatings comprising 
aniline black typically comprise relatively higher concentra 
tions of binder, and thus often possesses a matt property. 
0608 Anthraquinone black (e.g., CI Pigment Black 20) 
may be selected for good light fastness and moderate solvent 
resistance. 
0609 Carbon black (e.g., CI Pigment Black 6, CI Pigment 
Black 7, CI Pigment Black 8) generally possesses properties 
Such as chemical stability, good light fastness, good solvent 
resistance, heat stability, or a combination thereof. Carbon 
black is often categorized into separate grades, based on the 
intensity of black color (jetness'). To reduce flocculation in 
preparing a coating comprising a carbon black pigment, Such 
pigments may be incrementally added to a coating during 
preparation, chemically modified by Surface oxidation, 
chemically modified by an organic compound (e.g., a car 
boxylic acid), or a combination thereof. Additionally, a car 
bon black pigment may absorb certain other coating compo 
nents such as a metal soap drier. Typically, increasing the 
concentration of the Susceptible component by, for example, 
two-fold will reduce this effect. A high jet channel black 
pigment is often selected for use in an automotive coating 
wherein a high jetness is desired. The other grades of carbon 
black pigments are often selected for architectural coatings. 
0610 Graphite (e.g., CI Pigment Black 10) may be 
selected for properties Such as relative chemically inertness, 
low in color intensity, low in tinctorial strength, an anti 
corrosive property, an increase in coating spreading rate, or a 
combination thereof. 
0611 Iron oxide (e.g., CI Pigment Black 11) may be 
selected for properties such as good chemical resistance, rela 
tive inertness, good solvent resistance, limited heat resis 
tance, low tinctorial strength, or a combination thereof. Iron 
oxide possesses Superior floating resistance than carbon 
black, particularly in combination with titanium dioxide. 
0612 Micaceous iron oxide may be selected for properties 
Such as relative inertness, grayish appearance, Shiny appear 
ance, function as a UV absorber, function as an anti-corrosive 
pigment due to resistance to oxygen and moisture passage. 
However, over-dispersal of a micaceous iron oxide during 
coating preparation may damage the pigment. 

(ii) Brown Pigments 

0613. A brown pigment is a pigment that confers a brown 
color to a coating. Examples of a brown pigment include azo 
condensation (CI Pigment Brown 23, CI Pigment Brown 41, 
CI Pigment Brown 42); benzimidazolone (CI Pigment Brown 
25); iron oxide; metal complex brown; or a combination 
thereof. A synthetically produced iron oxide brown (CI Pig 
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ment Brown 6, CI Pigment Brown 7) may be selected for 
embodiments wherein a rich brown color, good lightfastness, 
or a combination thereof is suitable. A metal complex brown 
(CI Pigment Brown 33) may be selected for embodiments 
wherein high heat stability, good fastness, or a combination 
thereof is suitable. A metal complex brown may be used, for 
example, in a coil coating, a coating for a ceramic Surface, or 
a combination thereof. 

(iii) White Pigments 
0.614. A white pigment is a pigment that confers a white 
color to a coating. Examples of a white pigment include 
antimony oxide; basic lead carbonate (CI Pigment White 25); 
lithopone; titanium dioxide; white lead; Zinc oxide; Zinc sul 
phide (CI Pigment White 7); or a combination thereof. 
0615. Antimony oxide (CI Pigment White 11) is chemi 
cally inert, and used in fire resistant coatings. In some 
embodiments, antimony oxide may be combined with tita 
nium dioxide, particularly in a coating where chalking is 
undesirable and a white color in the coating is desired. 
0616 Titanium dioxide (CI Pigment White 6) is resistant 
to heat, many chemicals, and organic solvents, allowing use 
in many different applications where such properties are 
desirable. Titanium dioxide may be in the form of a crystal, 
Such as an anatase crystal, a rutile crystal, or a combination 
thereof. Rutile is more opaque than anatase. Anatase has a 
greater ability to chalk and is whiter in color than rutile. In 
aspects wherein chalking is undesirable, a titanium dioxide 
crystal may be reacted with an inorganic oxide to enhance 
chalking resistance. Examples of Such inorganic oxides 
include aluminum oxide, silicon oxide, Zinc oxide, or a com 
bination thereof. 
0617. White lead (CI Pigment White 1) is chemically reac 
tive with acidic binders to form strong films with elastic 
properties, but also chemically reacts with Sulphur to become 
black in color. It is less preferred in certain coatings due to the 
toxic nature of lead. 
0618. Zinc oxide (CI Pigment White 4) confers desirable 
properties such as resistance to mildew, as well as chemically 
reacting with oleoresin binders in film formation to enhance 
resistance to abrasion, to enhance resistance to moisture, to 
enhance hardness, and/or reduce chalking. However, these 
reactions may undesirably occur during storage. In some 
embodiments, it may be combined with titanium dioxide, 
particularly in a coating comprising an oleoresin binder when 
chalking is undesirable and a white color in the coating is 
desired. 
0619 Zinc sulfide (CI Pigment White 7) is chemically 
inert, and confers a strong chalking property. In certain 
embodiments, a Zinc sulfide comprises a lithopone. A litho 
pone (CI Pigment White 5) comprises a mixture of ZnS and 
barium sulphate (BaSO), usually from 30% to 60% ZnS and 
70% to 40% BaSO. 

(iv) Pearlescent Pigments 
0620. A pearlescent pigment is a pigment that confers a 
pearl-like appearance to a coating. Examples of a white pig 
ment include titanium dioxide and ferric oxide covered mica, 
bismuth oxychloride crystal, or a combination thereof. 

(v) Violet Pigments 
0621. A violet pigment is a pigment that confers a violet 
color to a coating. However, a violet pigment is often used in 
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combination with a red pigment or a blue pigment to produce 
a desirable color of an intermediate hue between red and blue. 
Additionally, a violet pigment is often combined with tita 
nium dioxide to balance the slight yellow color of that white 
pigment. An example of a violet pigment includes dioxanine 
violet (CI Pigment Violet 23: CI Pigment Violet 37). A diox 
azine violet may be selected for embodiments wherein high 
heat stability, good light fastness, good solvent fastness, or a 
combination thereof is suitable. CI Pigment Violet 23 (“car 
bazole violet') is relatively transparent and bluer than CI 
Pigment 37, and is typically used in a metallic coating. A 
dioxazine violet is Susceptible to flocculation, loss in a pow 
der coating, or a combination thereof, due to Small particle 
S17C. 

(vi) Blue Pigments 
0622. A blue pigment is a pigment that confers a blue color 
to a coating. Examples of a blue pigment include carbazol 
Blue; carbazole Blue: cobalt blue; copper phthalocyanine: 
dioxanine Blue; indanthrone; phthalocyanin blue; Prussian 
blue; ultramarine; or a combination thereof. 
0623 Acobalt blue (CI Pigment Blue 36) may be selected 
for embodiments wherein good chemical resistance, good 
lightfastness, good solvent fastness, or a combination thereof, 
is suitable. An indanthrone (CI Pigment Blue 60) may be 
selected for embodiments wherein a redish-blue hue, good 
chemical resistance, good heat resistance, good solvent fast 
ness, transparency, Superior resistance to flocculation relative 
to a copper phthalocyanine, or a combination thereof, is suit 
able. 
0624. A copper phthalocyanine (CI Pigment Blue 15, CI 
Pigment Blue 15:1, CI Pigment Blue 15:2, CI Pigment Blue 
15:3, CI Pigment Blue 15:4, CI Pigment Blue 15:6, CI Pig 
ment Blue 16) may be selected for embodiments wherein 
good color strength, good tinctorial strength, good heat sta 
bility, good lightfastness, good solvent resistance, transpar 
ency, or a combination thereof, is suitable. CI Pigment Blue 
15 is redish in hue, but is chemically unstable upon contact 
with anaromatic hydrocarbon, and converts to agreenish blue 
compound. CI Pigment Blue 15:1 is form of CI Pigment Blue 
15 chemically stabilized by chlorination, greener, and tincto 
rially weaker than CI Pigment Blue 15. CI Pigment Blue 15:2 
is modified form of CI Pigment Blue 15 that is resistant to 
flocculation. CI Pigment Blue 15:3 is greenish-blue, while CI 
Pigment Blue 15:4 is modified form of CI Pigment Blue 15:3 
that is resistant to flocculation. CI Pigment Blue 16 is rela 
tively transparent. Examples of coatings wherein copper 
phthalocyanine are used include a metallic automotive coat 
ing. However, as described above, a copper phthalocyanine 
may be susceptible to flocculation due to Small primary par 
ticle size, and various modified forms are known wherein 
flocculation is reduced. Examples of modifications used to 
reduce flocculation adding a Sulfonic acid moiety; a Sulfonic 
acid moiety and a long chain amine moiety; an aluminum 
benzoate; an acidic binder (e.g., a rosin); a chloromethyl 
moiety; or a combination thereof, to the phthalocyanine. A 
modified phthalocyanine may be selected for embodiments 
wherein Superior color shade, dispersibility, gloss, or a com 
bination thereof is suitable. 
0625. A Prussian blue (CI Pigment Blue 27) may be 
selected for embodiments wherein a strong color, good heat 
stability, good solvent fastness, or a combination thereof is 
suitable. However, a Prussian blue is chemically unstable in 
alkali conditions. An ultramarine (CI Pigment Blue 29) may 
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be selected wherein a strong color, good heat stability, good 
light fastness, good solvent resistance, or a combination 
thereof is suitable. However, an ultramarine is chemically 
unstable in acidic conditions. 

(vii) Green Pigments 
0626. A green pigment is a pigment that confers a green 
color to a coating. However, often a “green pigment com 
prises a mixture of a yellow pigment and a blue pigment, with 
the properties of each component pigment generally retained. 
Examples of a green pigment include chrome green; chro 
mium oxide green; halogenated copper phthalocyanine; 
hydrated chromium oxide: phthalocyanine green; or a com 
bination thereof. 
0627. A chrome green (“Brunswick green.” CI Pigment 
Green 15) comprises a combination of a Prussian blue and/or 
a copper phthalocyanine blue and a chrome yellow. A coating 
comprising a chromegreen may be susceptible to floating and 
flooding defects. A chromium oxide green (CI Pigment Green 
17) may be selected for embodiments wherein good chemical 
resistance, dull color, good heat stability, good infrared 
reflectance, good light fastness, good opacity, good solvent 
resistance, low tinctorial strength, or a combination thereof is 
suitable. A hydrated chromium oxide (CI Pigment Green 18) 
is similar to chromium oxide, and may be selected for 
embodiments wherein good light fastness, relatively brighter 
appearance, relatively greater transparency, relatively less 
heat stability, relatively less acid stability, or a combination 
thereof, is suitable. A phthalocyanine green (CI Pigment 
Green 7, CI Pigment Green 36) may be selected for embodi 
ments wherein good chemical resistance, good heat stability, 
good light fastness, good solvent resistance, good tinctorial 
strength, color transparency, or a combination thereof is Suit 
able. CI Pigment Green 7 may be selected for a bluish green 
color, while CI Pigment Green 36 may be selected for a 
yellower-greenish color. A phthalocyanine green is often 
selected for an automotive coating (e.g., a metallic coating), 
an industrial coating, an architectural coating, a powder coat 
ing, or a combination thereof. 

(viii) Yellow Pigments 

0628. In certain embodiments, a coating may comprise a 
yellow pigment. A yellow pigment' is a pigment that confers 
a yellow color to a coating. Examples of a yellow pigment 
include anthrapyrimidine, arylamide yellow; barium chro 
mate; benzimidazolone yellow; bismuth vanadate (CI Pig 
ment Yellow 184); cadmium sulfide yellow (CI Pigment Yel 
low 37); complex inorganic color pigment; diarylide yellow: 
disazo condensation; flavanthrone; isoindoline; isoindoli 
none; lead chromate; nickel azo yellow; organic metal com 
plex; quinophthalone; yellow iron oxide; yellow oxide; Zinc 
chromate; or a combination thereof. 
0629. An anthrapyrimidine pigment (CI Pigment Yellow 
108) may be selected for embodiments wherein, moderate 
light fastness, moderate solvent resistance, a dull color, trans 
parency, or a combination thereof is Suitable. 
0630. An arylamide yellow (“Hansa( )yellow. CI Pig 
ment Yellow 1, CI Pigment Yellow 3, CI Pigment Yellow 65, 
CI Pigment Yellow 73, CI Pigment Yellow 74, CI Pigment 
Yellow 75, CI Pigment Yellow 97, CI Pigment Yellow 111) 
may be selected for embodiments wherein, poor heat stabil 
ity, good light fastness, poor solvent resistance, moderate 
tinctorial strength, or a combination thereof is suitable. CI 
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Pigment 1 and CI Pigment 74 are mid-yellow in hue. CI 
Pigment Yellow 3 is greenish in hue. CI Pigment Yellow 73 is 
mid-yellow in hue, and resistant to recrystalization during 
dispersion. CI Pigment 97 possesses superior solvent fastness 
than otherarylamide yellow pigments, and has been used in a 
Stoving enamel, an automotive coating, or a combination 
thereof. Other arylamide yellow pigments may be used in a 
water-borne coating, a coating comprising a white spirit liq 
uid component, or a combination thereof. 
0631. A benzimidiazolone yellow (CI Pigment Yellow 
120, CI Pigment Yellow 151, CI Pigment Yellow 154, CI 
Pigment Yellow 175, CI Pigment Yellow 181, CI Pigment 
Yellow 194) may be selected for embodiments wherein, good 
chemical resistance, good heat stability, good light fastness, 
good solvent resistance, or a combination thereof is Suitable. 
A benzimidiazolone with larger particle size been used in an 
automotive coating, a powder coating, or a combination 
thereof. 
0632 A cadmium sulfide yellow (CI Pigment Yellow 37) 
may be selected for embodiments wherein good stability in 
basic pH, good heat stability, good light fastness, good opac 
ity, good solvent fastness, or a combination thereof is Suit 
able. However, a cadmium yellow comprises cadmium, 
which may limit suitability relative to an environmental law 
or regulation. 
0633. A complex inorganic color pigment (“mixed phase 
metal oxide.” CI Pigment Yellow 53, CI Pigment Yellow 119, 
CI Pigment Yellow 164); may be selected for embodiments 
wherein, good chemical stability, good heat resistance, good 
light fastness, good opacity, good solvent fastness, or a com 
bination thereof is Suitable. However, a complex inorganic 
color pigment generally produces a pale color, and is often 
combined with an additional pigment (e.g., an organic pig 
ment). A complex inorganic color pigment is often selected 
for an automotive coating, a coil coating, or a combination 
thereof. Abismuth Vanadate is similar to a complex inorganic 
pigment, but possesses Superior color of green-yellow hue, 
poorer light fastness, and greater use in a powder coating. A 
bismuth vanadate is often combined with a light stabilizer. 
0634. A diarylide yellow (CI Pigment Yellow 12, CI Pig 
ment Yellow 13, CI Pigment Yellow 14, CI Pigment Yellow 
17, CI Pigment Yellow 81, CI Pigment Yellow 83) may be 
selected for embodiments wherein, good chemical resistance, 
poor light fastness, good solvent resistance, good tinctorial 
strength, or a combination thereof is suitable. A diarylide 
yellow is not stable at a temperature of 200° C. or greater. CI 
Pigment Yellow 83 has superior light fastness than other 
diarylide yellow pigments, and has been used in an industrial 
coating, a powder coating, or a combination thereof. 
0635 A diazo condensation pigment (CI Pigment Yellow 
93, CI PigmentYellow 94, CI Pigment Yellow 95, CI Pigment 
Yellow 128, CI Pigment Yellow 166) may be selected for 
embodiments wherein, good chemical resistance, good heat 
stability, good solvent resistance, good tinctorial strength, or 
a combination thereof is Suitable. A diazo condensation pig 
ment typically is used in plastics, though CI Pigment Yellow 
128 has been used in a coating such as an automotive coating. 
0636. A flavanthrone pigment (CI Pigment Yellow 24) 
may be selected for embodiments wherein, good heat stabil 
ity, moderate light fastness, a reddish yellow hue Superior to 
an anthrapyrimidine, transparency, or a combination thereof 
is suitable. 
0637. An isoindoline yellow pigment (CI Pigment Yellow 
139, CI Pigment Yellow 185) may be selected for embodi 
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ments wherein, good chemical resistance, good heat stability, 
good light fastness, good solvent resistance, moderate tinc 
torial strength, or a combination thereof is suitable. An isoin 
dolinone yellow pigment (CI Pigment Yellow 109, CI Pig 
ment Yellow 110, CI Pigment Yellow 173) typically has been 
used in an automotive coating or an architectural coating. An 
isoindoline yellow pigment may be selected for embodiments 
wherein, good light fastness, good tinctorial strength, or a 
combination thereof is suitable. However, an isolindoline pig 
ment is not stable in a basic pH. An isoindoline yellow pig 
ment typically has been used in an industrial coating. 
0638. A lead chromate (CI Pigment Yellow 34) may be 
selected for embodiments wherein moderate heat stability, 
low oil absorption, good opacity, good solvent resistance, or 
a combination thereof is suitable. However, a lead chromate is 
Susceptible to an acidic or a basic pH, and a lower light 
fastness So that the pigment darkens upon irradiation by light. 
The pH and lightfastness properties of commercially pro 
duced lead chromate are often improved by treatment of a 
lead chromate with silica, antimony, alumina, metal, or a 
combination thereof. Additionally, a lead chromate com 
prises lead and/or chromium, which may limit Suitability 
relative to an environmental law or regulation. A lead chro 
mate may comprise a lead Sulfate, which is used to modify 
color. Examples of lead chromates include a lemon chrome, 
which comprises from 20% to 40% lead sulfate and is green 
ish yellow in color; a middle chrome, which comprises little 
lead Sulfate and is reddish yellow in color; orange chrome, 
which comprises no detectable lead sulfate; and primrose 
chrome, which comprises from 45% to 55% lead chrome and 
is greenish yellow in color. 
0639. An organic metal complex (CI Pigment Yellow 129, 
CI Pigment Yellow 153) may be selected for embodiments 
wherein good solvent resistance is suitable. An organic metal 
complex typically is transparent and dull in color. 
0640. A quinophthalone pigment (CI Pigment Yellow 
138) may be selected for embodiments wherein, good heat 
stability, good light fastness, good solvent resistance, a red 
dish yellow hue, or a combination thereof is suitable. A 
quinophthalone can be either highly opaque or transparent. A 
quinophthalone pigment has been used as a Substitute for 
chrome as a pigment. 
(0641. A yellow iron oxide (CI Pigment Yellow 42, CI 
Pigment Yellow 43) may be selected for embodiments 
wherein good covering power, good disperability, good resis 
tance to chemicals, good light fastness, good solvent resis 
tance, a yellow with greenish hue is desired, or a combination 
thereof is suitable. A yellow iron oxide can function as a U.V. 
absorber. However, a yellow iron oxide is generally of duller 
color relative to other pigments, and is Susceptible to tem 
peratures of 105° C. or greater. Additionally, a yellow iron 
oxide may comprise a C-crystal, a B-crystal, a Y-crystal, or a 
combination thereof. Overdispersion may damage the 
needle-shape crystal structure, which can reduce the color 
intensity. Additionally, a transparent yellow iron oxide can be 
prepared by selecting particles with minimum size, and Such 
a pigment is used, for example, in an automotive coating or a 
wood coating. 

(ix) Orange Pigments 

0642. In certain embodiments, a coating may comprise an 
orange pigment. An "orange pigment' is a pigment that con 
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fers an orange color to a coating. Examples of an orange 
pigment include perinone orange; pyrazolone orange; or a 
combination thereof. 
0643 A perinone orange pigment (CI Pigment Orange 43) 
may be selected for embodiments wherein very good resis 
tance to heat, good light fastness, good solvent resistance, 
high tinctorial strength, or a combination thereof is suitable. 
0644. A pyrazolone orange pigment (CI Pigment Orange 
13, CI Pigment Orange 34) is similar to a diarylide yellow 
pigment, and may be selected for embodiments wherein mod 
erate resistance to heat, poor light fastness, moderate solvent 
resistance, high tinctorial strength, or a combination thereof 
is suitable. However, CI Pigment Orange 34 possesses greater 
lightfastness relative to CI Pigment Orange 13, and has been 
used in an industrial coating and/or a replacement for chrome. 

(x) Red Pigments 

0.645. In certain embodiments, a coating may comprise a 
red pigment. A “red pigment' is a pigment that confers a red 
color to a coating. Examples of an red pigment include 
anthraquinone; benzimidazolone; BON arylamide; cadmium 
red; cadmium selenide; chrome red; dibromanthrone; diketo 
pyrrolo-pyrrole pigment (CI Pigment Red 254, CI Pigment 
Red 255, CI Pigment Red 264, CI Pigment Red 270, CI 
Pigment Red 272); disazo condensation pigment (CI Pigment 
Red 144, CI Pigment Red 166, CI Pigment Red 214, CI 
Pigment Red 220, CI Pigment Red 221, CI Pigment Red 242): 
lead molybdate; perylene, pyranthrone; quinacridone; 
quinophthalone; red iron oxide; red lead; toluidine red; tonor 
pigment (CI Pigment Red 48, CI Pigment Red 57, CI Pigment 
Red 60, CI Pigment Red 68); 6-naphthol red; or a combina 
tion thereof. 
0646. A lead molybdate red pigment (CI Pigment Red 
104) may be selected for embodiments wherein good resis 
tance to heat, moderate resistance to basic pH, good opacity, 
excellent solvent resistance, or a combination thereof is Suit 
able. A molybdate red is bright in color, and is often combined 
with an organic pigment to extend a color range. However, a 
molybdate is easy to disperse, and overdispersion may dam 
age this pigment. Additionally, a molybdate red comprising 
lead and/or chromium may have limited suitability relative to 
an environmental law or regulation. 
0647 Acadmium red pigment (CI Pigment Red 108) may 
be selected for embodiments wherein excellent resistance to 
heat, good lightfastness, poor resistance to acidic pH, good 
opacity, excellent solvent resistance, or a combination thereof 
is Suitable. However, a cadmium red comprises cadmium, and 
may have limited suitability relative to an environmental law 
or regulation. 
0648. A red iron oxide pigment (CI Pigment Red 101, CI 
Pigment Red 102) may be selected for embodiments wherein 
excellent resistance to heat, good lightfastness, poor resis 
tance to acidic pH, good opacity, excellent solvent resistance, 
or a combination thereof is suitable. However, a cadmium red 
comprises cadmium, and may have limited Suitability relative 
to an environmental law or regulation. 
0649 B-naphthol red (CI Pigment Red 3) may be selected 
for embodiments wherein modest heat resistance, good light 
fastness, modest solvent resistance, or a combination thereof 
is suitable. 
0650 BON arylamide (CI Pigment Red2, CI Pigment Red 
5, CI Pigment Red 12, CI Pigment Red 23, CI Pigment Red 
112, CI Pigment Red 146, CI Pigment Red 170) comprises 
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various pigments that generally have good lightfastness, good 
Solvent resistance, or a combination thereof. 
0651 Tonor pigment (CI Pigment Red 48, CI Pigment Red 
57, CI Pigment Red 60, CI Pigment Red 68) comprises vari 
ous pigments that generally have good solvent resistance, but 
often have poor acid resistance, poor alkali resistance, or a 
combination thereof. 

0652 Benzimidazolone (CI Pigment Red 171, CI Pigment 
Red 175, CI Pigment Red 176, CI Pigment Red 185, CI 
Pigment Red 208) comprises various pigments that generally 
have good heat stability, excellent solvent resistance, or a 
combination thereof. 

0653 Disazo condensation pigment (CI Pigment Red 144, 
CI Pigment Red 166, CI Pigment Red 214, CI Pigment Red 
220, CI Pigment Red 221, CI Pigment Red 242) comprises 
various pigments that generally have excellent heat stability, 
good solvent resistance, or a combination thereof. 
0654 Quinacridone (CI Pigment Red 122, CI Pigment 
Red 192, CI Pigment Red 202, CI Pigment Red 207, CI 
Pigment Red 209) comprises a various pigments that gener 
ally have bright color, excellent heat stability, excellent sol 
vent resistance, excellent chemical resistance, good lightfast 
ness, or a combination thereof. 
0655 Perylene (CI Pigment Red 123, CI Pigment Red 
149, CI Pigment Red 178, CI Pigment Red 179, CI Pigment 
Red 190, CI Pigment Red 224) comprises a various pigments 
that generally have excellent heat stability, excellent solvent 
resistance, excellent lightfastness, or a combination thereof. 
0656 Anthraquinone (CI Pigment Red 177) has a bright 
color, good heat stability, good solvent resistance, good light 
fastness, or a combination thereof. 
0657 Dibromanthrone (CI Pigment Red 168) has a bright 
color, moderate heat stability, good solvent resistance, excel 
lent lightfastness, or a combination thereof. 
0658 Pyranthrone (CI Pigment Red 216, CI Pigment Red 
226) has a dull color, moderate heat stability, good solvent 
resistance, poor lightfastness in combination with titanium 
dioxide, or a combination thereof. 
0659 Diketopyrrolo-pyrrole pigment (CI Pigment Red 
254, CI Pigment Red 255, CI Pigment Red 264, CI Pigment 
Red 270, CI Pigment Red 272) comprises a various pigments 
that generally have a bright color, good opacity, excellent heat 
stability, excellent solvent resistance, or a combination 
thereof. 

(xi) Metallic Pigments 

0660. In certain embodiments, a coating may comprise a 
metallic pigment. A "metallic pigment is a pigment that 
confers a metallic appearance to a coating, and as previously 
described, is often a corrosion resistance pigment. A metallic 
pigment may be selected for a topcoat, particularly to confer 
a metallic appearance, a primer, particularly to confer a cor 
rosion resistance property, an automotive coating, an indus 
trial coating, or a combination thereof. Metallic flake pig 
ments are preferred for embodiments wherein UV and/or 
infrared resistance is to be conferred to a coating. Addition 
ally, as some enzymes comprise a metal atom in the active 
site, inclusion of a metallic pigment and/or other composition 
comprising a metal during coating preparation, or addition 
later (e.g., a multipack coating) may stimulate a desired 
enzyme activity. Examples of a metallic pigment include 
aluminum flake (CI Pigment Metal 1); aluminum non-leaf 



US 2010/0248334 A1 

ing, gold bronze flake, Zinc dust, stainless steel flake, nickel 
(e.g., flake, powder), or a combination thereof. 

(4) Extender Pigments 
0661. An extender pigment (“inert pigment,” “extender.” 
“inert,” “filler') is a substance that is insoluble in the other 
components of a coating, and further confers a desirable 
optical property (e.g., opacity, gloss), a rheological property, 
physical property, an antisettling property, or a combination 
thereof, to the coating and/or film. An extender pigment is 
often white or near white in color, and typically are used to 
provide a cheap partial Substitute for a more expensive white 
pigment (e.g., titanium dioxide). Often an extender has a 
refractive index below 1.7. In some aspects, an extenders 
refractive index is 1.30 to 1.70, including all intermediate 
ranges and combinations thereof. Examples of an inorganic 
extender include a barium sulphate (CI Pigment White 21, CI 
Pigment White 22): 1); a calcium carbonate (CI Pigment 
White 18); a calcium sulphate; a silicate (CI Pigment White 
19, CI Pigment White 26); a silica (CI Pigment White 27); or 
a combination thereof. 
0662 Calcium carbonate ("calcite.” “whiting.” “lime 
stone.” CI Pigment White 18) is generally chemically inert 
with the exception of reactions with an acid. Calcium carbon 
ate may be used in a water-borne coating or a solvent-borne 
coating. Properties specifically associated with calcium car 
bonate include conferring settling resistance, Sag resistance, 
or a combination thereof. Precipitated calcium carbonate 
obtained from processing of limestone, and may have supe 
rior opacity. 
0663 Kaolin (“china clay') is typically selected for a latex 
coating, an alkyd coating, an architectural coating, or a com 
bination thereof. In addition to the typical properties of an 
extender (e.g., opacity), kaolin can confer Scrub resistance to 
a coating. 
0664 Talc is a hydrated magnesium aluminum silicate, 
and is soluble in water. Talc may be selected for an architec 
tural coating (e.g., interior, exterior), a primer, a traffic marker 
coating, an industrial coating, or a combination thereof. Talc 
comprising a platy particle shape can confer chemical resis 
tance, water resistance, improved flow property, or a combi 
nation thereof. 
0665 Silica is silicon dioxide, and may be classified as 
crystalline silica, diatomaceous silica or synthetic silica. 
Crystalline silica is produced from crushed and ground 
quartz, and may be selected for an architectural coating, an 
industrial coating, a primer, a latex coating, a powder coating, 
or a combination thereof. Crystalline silica may confer bur 
nish resistance to a coating and/or film. Diatomaceous silica 
(“diatomaceous earth.” “diatomite') is the mineral fossil of 
diatoms which were single celled aquatic plants. Diatoma 
ceous silica may be selected for an architectural coating, a 
latex coating, or a combination thereof. Diatomaceous silica 
may also function as a flattening agent. Synthetic silica is 
produced from chemical reactions, and includes, for example, 
precipitated silica, fumed silica, or a combination thereof. 
Precipitated silica may be selected for an industrial coating, a 
Solvent-borne coating, or a combination thereof. Precipitated 
silica may also function as a flattening agent. Fumed silica 
may be selected for an industrial coating. Fumed silica may 
also function as a flattening agent, a rheology modifier, or a 
combination thereof. 
0666 Mica is a hydrous silica aluminum potassium sili 
cate, and typically comprises plate shaped particles. Mica 
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may be selected for an architectural coating, an exterior coat 
ing, a traffic marker coating, a primer, or a combination 
thereof. Mica may also confer durability, moisture resistance, 
corrosion resistance, heat resistance, chemical resistance, 
cracking resistance, sagging resistance, or a combination 
thereof, to a coating and/or film. 
0667 Barium sulfate may be classified as baryte or a blanc 
fixe. Baryte may be selected for an automotive coating, an 
industrial coating, a primer, an undercoat, or a combination 
thereof. Blanc fixe has good opacity for an extender, and may 
be selected for an automotive coating, an industrial coating, 
or a combination thereof. 
0668 Wollastonite is a calcium metasilicate, and may be 
selected for a latex coating. Wollasonite may also function as 
an alkali pH buffer. Surface modified wollasonite may be 
selected for an industrial coating. 
0669 Nepheline syenite is an anhydrous sodium potas 
sium aluminum silicate, and may be selected for an architec 
tural coating, a latex coating, an interior coating, an exterior 
coating, or a combination thereof. Nepheline syenite may 
function may confer cracking resistance, Scrub resistance, or 
a combination thereof. 
0670 Sodium aluminosilicate may be selected for a latex 
coating, an architectural coating, or a combination thereof. 
Sodium aluminosilicate may also function as a flattening 
agent. 
0671 Alumina trihydrate may be selected for an architec 
tural coating, a thermoplastic coating, a thermosetting coat 
ing, or a combination thereof. Alumina trihydrate may confer 
flame retardancy to a film. 

b. Dyes 

0672 A dye is a composition that is soluble in the other 
components of a coating, and further confers a desirable color 
property to the coating. It is contemplated that many of the 
compounds that give a microorganism derived particulate 
material of the present invention colorSuch as photosynthetic 
pigment and/or carotenoid pigment, will be partly or fully 
soluble in many non-aqueous liquids described herein. It is 
further contemplated that a microorganism derived particu 
late material of the present invention is added to a coating 
comprising Such a liquid component, the material may act as 
a dye, as well as a pigment and/or extender, due to the dis 
Solving of colored compounds into the liquid component. 
0673 4. Coating Additives 
0674. A coating additive is any material which is added to 
a coating to confer a desirable property other than that 
described for a binder, a liquid component, a colorizing agent, 
or a combination thereof. It is contemplated that, in addition 
to the examples of additives described herein, any additive 
known to one of ordinary skill in the art, in light of the present 
disclosures, may be included in a composition of the present 
invention. 
0675 Examples of coating additives include a microor 
ganism based particulate material of the present invention, as 
well as an antifloating agent, an antiflooding agent, an anti 
foaming agent, an antisettling agent, an antiskinning agent, a 
catalyst, a corrosion inhibitor, a film-formation promoter, a 
leveling agent, a matting agent, a neutralizing agent, a pre 
servative, a thickening agent, a wetting agent, or a combina 
tion thereof. The content for an individual coating additive in 
a coating generally is 0.001% to 20.0%, including all inter 
mediate ranges and combinations thereof. However, in most 
embodiments, it is contemplated the concentration of a single 
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additive in a coating will comprise between 0.001% and 
10.0%, including all intermediate ranges and combinations 
thereof. 

a. Preservatives 

0676 A coating may comprise a preservative to reduce or 
prevent the deterioration of a coating and/or film by a micro 
organism. As would be known to one of ordinary skill in the 
art, a microorganism is generally considered a contaminant 
capable damaging a film and/or coating the point of Suitable 
usefulness in a given embodiment. A Surprising and unex 
pected aspect of the present invention is the discovery of the 
Suitability of a microorganism based particulate material of 
the present invention for use as a purposefully added coating 
component. However, it is preferred that a coating comprising 
a microorganism based particulate material of the present 
invention also comprises a preservative. It is contemplated 
that continued growth of a microorganism from the microor 
ganism base particulate material of the present invention 
would be detrimental to a coating and/or film, and a preser 
Vative may reduce or prevent such growth. It is further con 
templated that a contaminating microorganism could use the 
microorganism based particulate material of the present 
invention as a readily available source of nutrients for growth, 
and a preservative may reduce or prevent such growth. It is 
also contemplated that the amount of preservative added to a 
coating comprising a microorganism based particulate mate 
rial of the present invention may be increased relative to a 
preservative content of a similar coating lacking Such an 
added microorganism based particulate material. In certain 
aspects, it is contemplated that the amount of preservative 
may be increased 1.1 to 10-fold or more, including all inter 
mediate ranges and combinations thereof, the amount of an 
example of a preservative content described herein or as 
would be known to one of ordinary skill in the art in light of 
the present disclosures. 
0677 Examples of preservatives include a biocide, which 

kills an organism, a biostatic, which reduces or prevents the 
growth of an organism, or a combination thereof. Examples 
of a biocide include, for example, a bactericide, a fungicide, 
an algaecide, or a combination thereof. Examples of bacteria 
commonly found to contaminate a coating and/or film include 
Pseudomonas spp., Aerobacter spp., Enterobacter spp., Fla 
vobacterium 
0678 spp. (e.g., Flavobacterium marinum), Bacillus spp., 
or a combination thereof. Examples of fungi commonly 
found to contaminate a coating and/or film include Aureoba 
sidium pullulans, Alternaria dianthicola, Phoma pigmen 
tivora, or a combination thereof. Examples of algae com 
monly found to contaminate a coating and/or film include 
Oscillotoria sp., Scytoinema sp., ProtocCOccus sp., or a com 
bination thereof. Techniques are known to those of ordinary 
skill in the art for determining microbial contamination of a 
coating and/or coating component (see, for example, ASTM 
Book of Standards, Volume 06.01, Paint Tests for Chemi 
cal, Physical, and Optical Properties: Appearance.” D5588 
97, 2002). 
0679. In addition to the disclosures herein, a preservative 
and use of a preservative in a coating is known to those of skill 
in the art, and all Such materials and techniques for using a 
preservative in a coating may be applied in the practice of the 
present invention (see, for example, Flick, E. W. “Handbook 
of Paint Raw Materials, Second Edition, 263-285 and 879 
998, 1989; in “Paint and Coating Testing Manual, Fourteenth 
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Edition of the Gardner-Sward Handbook.' (Koleske, J. V. 
Ed.), pp. 261-267 and 654-661, 1995; in “Paint and Surface 
Coatings. Theory and Practice, Second Edition.” (Lam 
bourne, R. and Strivens, T. A., Eds.), pp. 193-194, 371-382 
and 543-547, 1999: Wicks, Jr., Z. W., Jones, F. N., Pappas, S. 
P. “Organic Coatings, Science and Technology, Volume 1: 
Film Formation, Components, and Appearance. pp. 318 
320, 1992: Wicks, Jr., Z. W., Jones, F. N., Pappas, S. P. 
“Organic Coatings, Science and Technology, Volume 2: 
Applications, Properties and Performance. pp. 145, 309, 
319-323 and 340-341, 1992; and in “Paints, Coatings and 
Solvents, Second, Completely Revised Edition.” (Stoye, D. 
and Freitag, W., Eds.) pp 6, 127 and 165, 1998. 
0680 A coating, film, surface, or a combination thereof 
may be detrimentally affected by the presence of a living 
microorganism. For example, a living microorganism can 
alter viscosity due to damage to a cellulosic viscosifier; alter 
a rheological property by increasing the gelling of a coating: 
produce an undesirable color alteration (“discoloration') by 
production of a colorizing agent; produce undesirable gas and 
increase foam; produce an undesirable odor; lower pH; dam 
age a preservative; produce slime; reduce adhesion by a film; 
increase corrosion of a metal Surface by moisture production 
by an organism; increase corrosion of a metal Surface by film 
damage; damage a wooden Surface by colonization (e.g., 
fungal colonization); or a combination thereof. These 
changes can lead to the coating and/or film becoming unsuit 
able for use. The undesirable growth of a microorganism is 
generally more prevalent in a water-borne coating, as the 
Solvent component of a solvent borne-coating usually acts as 
a preservative. However, a film is generally susceptible to 
Such damage by growth of a microorganism after loss of a 
Solvent (e.g., evaporation) during film formation. Addition 
ally, various bacteria (e.g., Bacillus spp.) and fungi produce 
spores, which are cells that are relatively durable to unfavor 
able conditions (e.g., cold, heat, dehydration, a biocide), and 
may persist in a coating and/or film for months or years prior 
to germinating into a damaging colony of cells. 
0681. In certain embodiments, a preservative may com 
prise an in-can preservative, an in-film preservative, or a 
combination thereof. An in-can preservative is a composition 
that reduces or prevents the growth of a microorganism prior 
to film formation. Addition of an in-can preservative during a 
water-borne coating production typically occurs with the 
introduction of water to a coating composition. Typically, an 
in-can preservative is added to a coating composition for 
function during coating preparation, storage, or a combina 
tion thereof. An in-film preservative is a composition that 
reduces or prevents the growth of a microorganism after film 
formation. In many embodiments, an in-film preservative is 
the same chemical as an in-can preservative, but added to a 
coating composition at a higher (e.g., two-fold) concentration 
for continuing activity after film formation. 
0682 Examples of preservatives that have been used in 
coatings include a metal compound (e.g., an organo-metal 
compound) biocide, an organic biocide, or a combination 
thereof. Examples of a metal compound biocide include 
barium metaborate, which is a fungicide and bactericide; 
copper(II) 8-quinolinolate, which is a fungicide; phenylmer 
curic acetate, tributyltin oxide, which is less preferred for use 
against Gram-negative bacteria; tributyltinbenzoate, which is 
a fungicide and bactericide; tributyltin Salicylate, which is a 
fungicide; Zinc 2-pyridinethiol-N-oxide, which is a fungi 
cide; Zinc oxide, which is a fungistatic/fungicide and algae 
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cide; a combination of zinc-dimethyldithiocarbamate and 
Zinc 2-mercaptobenzothiazole, which acts as a fungicide; 
Zinc 2-pyridinethiol-N-oxide, which is a fungicide; a metal 
soap; or a combination thereof. Examples of metals com 
prised in a metal Soap biocide include copper, mercury, tin, 
Zinc, or a combination thereof. Examples of an organic acid 
comprised in a metal Soap biocide include a butyl oxide, a 
laurate, a naphthenate, an octoate, a phenyl acetate, a phenyl 
oleate, or a combination thereof. 
0683 An example of an organic biocide that acts as an 
algaecide includes 2-methylthio-4-tert-butylamino-6-cyclo 
propylamino-s-triazine. Examples of an organic biocide that 
acts as a bactericide include a combination of 4,4-dimethyl 
oxazolidine and 3,4,4-trimethyloxazolidine; 5-hydroxy-me 
thyl-1-aza-3,7-dioxabicylco (3.3.0.) octane; 2(hydroxym 
ethyl)-aminoethanol: 2-(hydroxymethyl)-amino-2-methyl 
1-propanol; hexyhydro-1,3,5-tri-ethyl-5-triazine: 1-(3- 
chloroallyl)-3.5.7-triaza-1-azonia-adamantane chloride; 
1-methyl-3,5,7-triaza-1-azonia-adamantane chloride; 
p-chloro-m-cresol; an alkylamine hydrochloride; 6-acetoxy 
2,4-dimethyl-1,3-dioxane: 5-chloro-2-methyl-4-isothiazo 
lin-3-one: 2-methyl-4-isothiazolin-3-one; 1,3-bis(hy 
droxymethyl)-5,5-dimethylhydantoin: hydroxymethyl-5.5- 
dimethylhydantoin: or a combination thereof. Examples of an 
organic biocide that acts as a fungicide include a parabens; 
2-(4-thiazolyl)benzimidazole; N-trichloromethyl-thio-4-cy 
clohexene-1,2-dicarboximide: 2-n-octyl-4-isothiazoline-3- 
one; 2,4,5,6-tetrachloro-isophthalonitrile:3-iodo-2-propynyl 
butyl carbamate, N-(trichloromethyl-thio)phthalimide; tetra 
chloroisophthalonitrile; potassium N-hydroxy-methyl-N- 
methyl-dithiocarbamate; sodium 2-pyridinethiol-1-oxide; or 
a combination thereof. Examples of a parbens include butyl 
parahydroxybenzoate; ethyl parahydroxybenzoate; methyl 
parahydroxybenzoate; propyl parahydroxybenzoate; or a 
combination thereof. Examples of an organic biocide that acts 
as an bactericide and fungicide include 2-mercaptobenzo 
thiazole; a combination of 5-chloro-2-methyl-3(2H)-isothia 
Zoline and 2-methyl-3(2H)-isothiazolone; a combination of 
4-(2-nitrobutyl)-morpholine and 4,4'-(2-ethylnitrotrimethyl 
ene dimorpholine; tetra-hydro-3,5-di-methyl-2H-1,3,5-thia 
diazine-2-thione; potassium dimethyldithiocarbamate; or a 
combination thereof. An example of an organic biocide that 
acts as an algaecide and fungicide includes diiodomethyl-p- 
tolysulfone. Examples of an organic biocide that acts as an 
algaecide, bactericide and fungicide include glutaraldehyde; 
methylenebis(thiocyanate); 1,2-dibromo-2,4-dicyanobutane; 
1,2-benzisothiazoline-3-one: 2-(thiocyanomethyl-thio)ben 
Zothiazole; or a combination thereof. An example of an 
organic biocide that acts as an algaecide, bactericide, fungi 
cide and molluskicide includes 2-(thiocyanomethyl-thio) 
benzothiozole and methylene bis(thiocyanate). 
0684. In certain embodiments an environmental law or 
regulation may encourage the selection of an organic biocide 
Such as a benzisothiazolinone derivative. An example of a 
benzisothiazolinone derivative is BusanTM 1264 (Buckman 
Laboratories, Inc.), ProxelTM GXL (Avecia Inc.), or Preven 
tol(R) VP OC 3068 (Bayer Corporation), which comprises 
1,2-benzisothiazolinone (CAS No. 2634-33-5). In the case of 
BusanTM 1264, the primary use is a bactericide and/or fungi 
cide at 0.03% to 0.5% in a water-borne coating. 
0685. Often, a preservative is a proprietary commercial 
formulation and/or a compound sold under a tradename. 
Examples include organic biocides under the tradename 
Nuosept(R) (International Specialty Products), which are typi 
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cally used in a water-borne coating. Specific examples of a 
Nuosept(R) biocide includes Nuosept(R) 95, which comprises a 
mixture of bicyclic oxazolidines, and is typically added to 
0.2% to 0.3% concentration to a coating composition; 
NuoSept(R) 145, which comprises an amine reaction product, 
and is typically added to 0.2% to 0.3% concentration to a 
coating composition; NuoSept(R) 166, which comprises 4.4- 
dimethyloxazolidine, and is typically added to 0.2% to 0.3% 
concentration to a basic pH water-borne coating composition; 
or a combination thereof. A further example is Nuocide(R) 
(International Specialty Products) biocides, which are typi 
cally used fungicides and/or algaecides. Examples of a Nuo 
cide(R) biocide is NuocideR 960, which comprises 96% tetra 
chlorisophthalonitrile (CAS No. 1897-45-6), and is typically 
used at 0.5% to 1.2% in a water-borne or solvent-borne coat 
ing as a fungicide; Nuocide(R) 2010, which comprises chlo 
rothalonil and IPBC at 30%, and is typically used at 0.5% to 
2.5% in a coating as a fungicide and algaecide; Nuocide(R) 
1051 and NuocideR 1071, each which comprises 96% N-cy 
clopropyl-N-(1-dimethylethyl)-6-(methylthio)-1,3,5-triaz 
ine-2,4-diamine, and is typically used as an algaecide in anti 
fouling coatings at 1.0% to 6.0% or water-based coatings at 
0.05% to 0.2%, respectively; and NuocideR 2002, which 
comprises chlorothalonil and a triazine compound at 30%, 
and is typically used at 0.5% to 2.5% in a coating and/or a film 
as a fungicide and algaecide. 
0686. An additional example of a tradename biocide for 
coatings includes Vancide(R) (R.T. Vanderbilt Company, Inc.). 
Examples of a Vancide(R) biocide include VancideR TH, 
which comprises hexahydro-1,3,5-triethyl-s-triazine, and is 
generally used in a water-borne coating; Vancide R89, which 
comprises N-trichloromethylthio-4-cyclohexene-1,2-dicar 
boximide and related compounds Such as captan, and is used 
as a fungicide in a coating composition; or a combination 
thereof. A bactericide and/or fungicide for coatings, particu 
larly a water-borne coating, is a Dowicily (Dow Chemical 
Company). Examples of a Dowicilt M biocide include Dowi 
cilTMQK-20, which comprises 2,2-dibromo-3-nitrilopropi 
onamide (CAS No. 10222-01-2), and is used as a bactericide 
at 100 ppm to 2000 ppm in a coating: DowicilTM 75, which 
comprises 1-(3-chloroallyl)-3,5,7-triaza-1-azoniaadaman 
tane chloride (CAS No. 51229-78-8), and is used as a bacte 
ricide at 500 ppm to 1500 ppm in a coating: DowicilTM 96, 
which comprises 7-ethylbicyclooxazolidine (CAS No. 7747 
35-5), and is used as a bactericide at 1000 ppm to 2500 ppm 
in a coating; BiobanTM CS-1135, which comprises 4,4-dim 
ethyloxazolidine (CAS No. 51200-87-4), and is used as a 
bactericide at 100 ppm to 500 ppm in a coating; or a combi 
nation thereof. An additional example of a tradename biocide 
for coatings includes Kathon R (Rohm and Haas Company). 
An example of a Kathon(R) biocide includes Kathon R. LX. 
which typically comprises 5-chloro-2-methyl-4-isothiazolin 
3-one (CAS no. 26172-55-4) and 2-methyl-4-isothiazolin-3- 
one (CAS no 2682-20-4) at 1.5%, and is added from 0.05% to 
0.15% in a coating. Examples of tradename fungicides and 
algaecides include those described for Fungitrol(R) (Interna 
tional Specialty Products), which are often formulated for 
Solvent-borne and water-borne coatings, and in-can and film 
preservation. An example is Fungitrol(R) 158, which com 
prises 15% tributyltin benzoate (15%) and 21.2% alkylamine 
hydrochlorides, and is typically used at 0.35% to 0.75% in a 
water-borne coating for in-can and film preservation. An 
additional example is Fungitrol(R) 11, which comprises 
N-(trichloromethylthio)phthalimide, and is typically used at 
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0.5% to 1.0% as a fungicide for solvent-borne coating. A 
further example is FungitrolR 400, which comprises 98% 
3-iodo-2-propynl N-butyl carbamate (“IPBC) (Cas No. 
55406-53-6), and is typically used at 0.15% to 0.45% as a 
fungicide for a water-borne or a solvent-borne coating. 
0687. As would be known to one of ordinary skill in the 

art, determination of whether damage to a coating and/or film 
is due to microorganisms (e.g., film algal defacement, film 
fungal defacement), as well as the efficacy of addition of a 
preservative to a coating and/or film composition in reducing 
microbial damage to a coating and/or film, may be empiri 
cally determined by techniques such as those that are 
described in “ASTM Book of Standards, Volume 06.01, 
Paint Tests for Chemical, Physical, and Optical Properties: 
Appearance.” D3274-95, D4610-98, D2574-00, D3273-00, 
D3456-86, D5589-97, and D5590-00, 2002; and in “Paint and 
Coating Testing Manual, Fourteenth Edition of the Gardner 
Sward Handbook.” (Koleske, J. V. Ed.), pp. 654–661, 1995. 
Examples of microorganisms typically selected in Such pro 
cedures as positive controls of a coating and/or film damaging 
microorganism include, for example, Aspergillus Oryzae 
(ATCC 10196), Aspergillus flavus (ATCC 9643), Aspergillus 
niger (ATCC 9642), Pseudomonas aeruginosa (ATCC 
10145), Aureobasidium pullulans (ATCC 9348), Penicillium 
citrinum (ATCC 9849), Penicillium fitniculosum (ATCC 
9644), or a combination thereof. 

b. Wetting Additives and Dispersants 

0688. It is contemplated that one or more types of particu 
late matter may be incorporated into a coating composition of 
the present invention. As is known to those of ordinary skill in 
the art, physical force and/or chemical additives are used to 
promote a desirable level of dispersion of particulate matter in 
a coating composition, for purposes Such as coating homo 
geneity and ease of application. Depending upon whether 
Such an additive is admixed earlier or latter in a coating 
composition, Such an additive is known as a wetting agent or 
a dispersant, respectively, though it is common that an addi 
tive has dual classification. A wetting agent and/or a dispers 
ant often can be used to reduce the particulate matter grinding 
time during coating preparation, improve wetting of particu 
late matter, improve dispersion of particulate matter, improve 
gloss, improve leveling, reduce flooding, reduce floating, 
reduce viscosity, reduce thixotropy, or a combination thereof. 

(1) Wetting Additives 

0689. As is known to those of ordinary skill in the art, 
preparation of a coating comprising particulate material often 
comprises a step wherein the particulate material is dispersed 
in an additional coating component. An example of this type 
of dispersion step is the dispersion of a pigment into a com 
bination of a liquid component and a binder to form a material 
known as a millbase. A wetting additive ("wetting agent') is 
a composition added to promote dispersion of particulate 
material during coating preparation. 
0690. In certain embodiments, a wetting agent is a mol 
ecule that comprises a polar region and a nonpolar region. An 
example is an ethylene oxide molecule comprising a hydro 
phobic moiety. Such a wetting agent is thought to act by 
reducing interfacial tension between a liquid component and 
particulate matter. In specific aspects, a wetting agent com 
prises a Surfactant. Examples of such a wetting agent include 
pine oil, which is typically added at 1% to 5% of the total 
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coating liquid component, including all intermediate ranges 
and combinations thereof. Other examples of wetting agents 
include a metal Soap, such as, for example, calcium octoate, 
Zinc octoate, aluminum Stearate, Zinc Stearate, or a combina 
tion thereof. An additional example of a wetting agent is 
bis(2-ethylhexyl)sulfosuccinate (Aerosol OT”) (Cas No. 
577-11-7); (octylphenoxy)polyethoxyethanol octylphenyl 
polyethylene glycol (“Igepal-630) (Cas no. 9036-19-5); 
nonyl phenoxy poly (ethylene oxy) ethanol (“Tergitol 
NP-14') (Cas No. 9016-45-9): ethylene glycol octyl phenyl 
ether (“Triton X-100') (CAS No. 9002-93-1); or a combina 
tion thereof. 
0691. Often a wetting agent and/or dispersant is a propri 
etary formulation and/or commonly available under a trade 
name. Examples include an Anti-Terra(R) or Disperbyk R. 
(BYK-Chemie GmbH) and EnviroGem(R) or SurfynolR (Air 
Products and Chemicals, Inc.) wetting agents and/or dispers 
ants. An example is Anti-Terra(R)-U, which comprises a 50% 
Solution of an unsaturated polyamine amide Salt and a lower 
molecular weight acid, dissolved in Xylene and isobutanol, 
and preferred for used in a solvent-borne coating. Anti 
Terra(R-U is typically added from 1% to 2% to an inorganic 
pigment, 1% to 5% to an organic pigment, and at 0.5% to 
1.0% to titanium dioxide, and 30% to 50% to a bentonite. An 
example of a Disperbyk R) is Disperbyk R, which comprises a 
polycarboxylic acid polymer alkylolammonium salt and 
water, and is added to 0.3% to 1.5% to the solvent-borne or 
water-borne coating composition. A further example is Dis 
perbyk R-101, which comprises a 52% solution of a long 
chain polyamine amide salt and a polar acidic ester, dissolved 
in a mineral spirit and butylglycol, and preferred for used in a 
Solvent-borne coating. The ranges for addition to particulate 
material for Disperbyk R-101 is similar to Anti-Terra(R-U. An 
additional example is Disperbyk R-108, which comprises 
over 97% of a hydroxyfunctional carboxylic acid ester that 
includes moieties with pigment affinity, and is typically 
added from 3% to 5% to an inorganic pigment, 5% to 8% to an 
organic pigment. However, Disperbyk R-108 is typically 
added at 0.8% to 1.5% to titanium dioxide, or 8% to 10% to a 
carbon black, and is preferred for coatings lacking a non 
aqueous solvent. A Supplemental example is EnviroGemR) 
AD01, which comprises a non-ionic wetting agent with a 
defoaming property, and is added to 0.1% to 2% to a water 
borne coating composition. An additional example is Sur 
fynolR TG (Air Products and Chemicals, Inc.), which com 
prises a non-ionic wetting agent, and is added to 0.5% to 5% 
to a water-borne coating composition. A further example is 
SurfynolR 104 (Air Products and Chemicals, Inc.), which 
comprises a non-ionic wetting agent, dispersant, and 
defoamer, and is added to 0.05% to 3% to a water-borne 
coating composition. 

(2) Dispersants 

0692. As is known to those of ordinary skill in the art, 
maintenance of the dispersal of particulate matter comprised 
within a coating composition is often promoted by the addi 
tion of a dispersant. A dispersant ("dispersing additive.” 
“deflocculant,” “antisettling agent') is a composition that is 
added to promote continuing dispersal of particulate matter. 
In specific aspects, a dispersant is added to a coating compo 
sition to reduce or prevent flocculation. Flocculation is the 
process wherein a plurality of primary particles that have 
been previously dispersed form an agglomerate. In other 
aspects, a dispersant is added to a coating composition to 
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prevent sedimentation of particulate matter. Standard proce 
dures to determining the degree of settling by particulate 
matter in a coating (e.g., paint) are described, for example, in 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
D869-85, 2002. 
0693. Often a dispersant is a compound comprising phos 
phate, such as, for example, tetra-potassium pyrophosphate 
or “TKPP” (CAS No. 7320-34-5). Examples of a tradename/ 
proprietary phosphate compounds are those known as a Stro 
dexTM (Dexter Chemical L.L.C.), including StrodexTM 
PK-90, StrodexTM PK-OVOC, and/or StrodexTM MOK-70, 
which comprise a phosphate ester Surfactant. 
0694. In some aspects, a dispersant may be a particulate 
material. Examples include Winnofilr) SPT Premium, Win 
nofil R. S. Winnofilr SPM, and Winnofilr SPT (Solvay 
Advanced Functional Minerals), which comprise 97.4% cal 
cium carbonate (CAS No. 471-34-1) coated with 2.6% fatty 
acid (CAS No. 64755-01-7) and generally used at 2% to 3%. 
0695 Various preparations of modified montmorillonite 
clay are known in the art as a dispersant. Examples include 
those under the name Bentone(R) (Elementis Specialties, Inc). 
Bentone(R) 34 (Elementis Specialties, Inc), which comprises 
tetraalkyl ammonium bentonite, and is prepared with 33% or 
more polar solvent prior to addition to a coating composition. 
M-P-A.R. 14 (Elementis Specialties, Inc.), which comprises a 
montmorillonite clay modified by and organic chemical, and 
is prepared with 33% or more polar solvent prior to addition 
to a solvent-borne coating composition. Bentone(RSD-1 (El 
ementis Specialties, Inc.), which comprises a montmorillo 
nite clay modified by and organic chemical, and typically 
added from 0.2% to 2% by weight to a solvent-borne coating 
composition, particularly those comprising an aliphatic liq 
uid component. 
0696. A further example of a dispersant is a castor wax 
formulation under the trade names CrayvallacRSF, Crayval 
lac R. MT, and Crayvallac R. AntiSettle CVP (Cray Valley 
Limited), each of which are typically added from 0.2% to 
1.5% as a dispersant, thixotropy additive, anti-Sagging agent, 
or a combination thereof. Crayvallac R. AntiSettle CVP com 
prises caster wax ("hydrogenated caster oil'), and is suitable 
for a solvent free epoxy-coating and a mineral spirit liquid 
component. CrayvallacR) SF and Crayvallac RMT each com 
prise amide modified caster wax, and may be used in an 
epoxy-coating, an acrylic-coating, a chlorinated rubber-coat 
ing, or a combination thereof. Crayvallac R. SF and Crayval 
lacRMT are preferred for use with a liquid component com 
prising an aromatic hydrocarbon, analcohol, a glycol ether, or 
a combination thereof with Crayvallac RMT being also pre 
ferred for use with a mineral spirit. 

c. Buffers 

0697. In certain embodiments, it is preferred to maintain a 
coating's pH within a certain range. A coating may be acidic, 
which is a pH between 0 and 7, including all intermediate 
ranges and combinations thereof, or basic, which is a pH 
between 7 and 14, including all intermediate ranges and com 
binations thereof. A neutral pH is pH 7.0, and it is contem 
plated that a coating may have a neutral pH, or a pH that is 
near neutral, which is a pH between 6.5 and 7.5, including all 
intermediate ranges and combinations thereof. A buffer may 
be added to maintain a coating's pH as acidic, basic, neutral, 
or near neutral. In certain aspects, a basic pH is preferred to 
optimize the function of a preferred enzyme. Such as, for 
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example, OPH. Examples of buffers include a bicarbonate 
(e.g., an ammonium bicarbonate), a monobasic phosphate 
buffer, a dibasic phosphate buffer, Trizma base, a 5 Zwitteri 
onic buffer, triethanolamine, or a combination thereof. In 
particular facets, a buffer Such as a bicarbonate, may provide 
aligand or co-substrate (e.g., water) on activator (e.g., carbon 
dioxide) to an enzyme to promote an enzymatic reaction. 

d. Rheology Modifiers 
0698. A rheology modifier (“rheology control agent.” 
“rheology additive.” “thickener and rheology modifier.” 
“TRM “rheological and viscosity control agent,” “viscosi 
fier,” “viscosity control agent,” “thickener”) is a composition 
that alters (e.g., increases, decreases, maintains) a rheological 
property of a coating. A thickener (“thickening agent) 
increases and/or maintains viscosity. A rheological property 
is a property of flow and/or deformation. Examples of a 
rheological property include Viscosity, brushability, leveling, 
sagging, or a combination thereof. Viscosity is a measure of a 
fluid's resistance to flow (e.g., a shear force). Brushability is 
the ease a coating can be applied using an applicator (e.g., a 
brush). Leveling is the ability of a coating to flow into and fill 
uneven areas of coating thickness (e.g., brush marks) after 
application to a surface and before sufficient film formation to 
end Such flow. Sagging is the gravitationally induced down 
ward flow of a coating after application to a Surface and before 
sufficient film formation to end such flow. It is specifically 
contemplated that a microorganism based particulate mate 
rial of the present invention may be added to a coating as a 
rheology modifier. 
0699. A rheology modifier that alters viscosity (e.g., 
increases, decreases, maintains) is known as a "viscosifier.” 
During application, a coating is usually Subjected to a shear 
force 10s to 10's' by techniques such as brush applica 
tion, and a shear force up to or greater than 10°s' by tech 
niques including, for example, blade application, high-speed 
roller application, spray application, or a combination 
thereof. As would be known to one of ordinary skill in the art, 
a coating typically is formulated to possess a viscosity upon 
the shear force of application that promotes the ease of appli 
cation. An example of a coating viscosity during application 
is between 0.5 P(“50 mPa s”) to 2.5 P(“250 mPa s”), includ 
ing all intermediate ranges and combinations thereof. In cer 
tain aspects, a coating may possess a viscosity greater or 
lower than this range, however, it is contemplated Such a 
Viscosity may make the coating more difficult to apply using 
the above application techniques. Post-preparation and/or 
post-application, a coating is usually subjected to a shear 
force of 10 s to 10 s' produced, for example, by forces 
Such as gravity, capillary pressure, or a combination thereof. 
In embodiments wherein a coating's Viscosity is too high at 
these levels of shear force, leveling during and/or after appli 
cation may be undesirably low. In embodiments wherein a 
Viscosity is to low at these levels of shear force, a coating may 
Sufferin-can settling, sagging during or after application, or a 
combination thereof. A preferred viscosity of a coating post 
preparation and/or application is between 100P ("10 Pas') to 
1000 P(“100 Pa s”), the including all intermediate ranges and 
combinations thereof. Of course, the Viscosity of a coating 
will change post-application in embodiments wherein film 
formation occurs; however, the post-application viscosity 
refers to the viscosity prior to completion of film formation, 
and may be determined immediately post-application (e.g., 
within seconds, within minutes) as appropriate to the coating, 
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as would be known to one of ordinary skill in the art. In certain 
aspects, a coating may possess a viscosity greater or lower 
than this range, however, it is contemplated Such a viscosity 
may make the coating more prone to sagging and/or settling 
defects. 

0700 A rheology modifier is typically added to alter and/ 
or maintain a rheology property within a desired range post 
formulation, during application, post-application, or a com 
bination thereof. In specific embodiments, a rheology 
modifier alters viscosity at or above 10s and/orator below 
10 S. Viscosity, including non-Newtonian (e.g., shear-thin 
ning) Viscosity for coatings and/or coating components (e.g., 
binders, binder solutions, vehicles) upon formulation with or 
without a viscosity modifier can be empirically determined, 
particularly for shear rates comparable to application tech 
niques (e.g., blade, brush, roller, spray) by Standard tech 
niques such as in ASTM Book of Standards, Volume 06.01, 
Paint Tests for Chemical, Physical, and Optical Properties: 
Appearance.” D562-01, D2196-99, D4287-00, D4212-99, 
D1200-94, D5125-97, and D5478-98, 2002: ASTM Book of 
Standards, Volume 06.02, Paint Products and Applications: 
Protective Coatings; Pipeline Coatings.” D4958-97, 2002: 
and “ASTM Book of Standards, Volume 06.03, Paint Pig 
ments, Drying Oils, Polymers, Resins, Naval Stores, Cellu 
losic Esters, and Ink Vehicles, D1545–98, D1725-62, 
D6606-00 and D6267-98, 2002. Additionally, other rheologi 
cal properties can be determined to aid formulation of a 
coating of the present invention using techniques known to 
those of ordinary skill in the art. For example, brush drag, 
which is the resistance during coating (e.g., a latex) applica 
tion using a brush, can be determined by standard techniques, 
such as, for example, in ASTM Book of Standards, Volume 
06.02, Paint Products and Applications; Protective Coat 
ings; Pipeline Coatings.” D4040-99, 2002. In an additional 
example, leveling and sagging can be empirically determined 
for a coating by standard techniques such as in ASTM Book 
of Standards, Volume 06.02, Paint Products and Applica 
tions: Protective Coatings; Pipeline Coatings.” D4062-99 and 
D4400-99, 2002. 
0701. As would be known to one of ordinary skill in the 

art, the addition of a coating component to a coating compo 
sition typically alters a rheological property, and many coat 
ing components have multiple classifications to include func 
tion as a rheology modifier. Examples of coating components 
more commonly added for function as a rheology modifier 
includes an inorganic rheology modifier, an organometallic 
rheology modifier, an organic rheology modifier, or a combi 
nation thereof. An example of an inorganic rheology modifier 
includes a silicate such as a montmorillonite silicate. An 
example of a montomorillonite silicate includes aluminum 
silicate, a bentonite, magnesium silicate, or a combination 
thereof. A silicate rheology modifier typically confers a Supe 
rior washfastness property, a Superior abrasion resistance 
property, or a combination thereof, to a coating relative to an 
organic rheology modifier. An example of an organic rheol 
ogy modifier includes a cellulose ether, a hydrogenated oil, a 
polyacrylate, a polyvinylpyrrolidone, a urethane, or a combi 
nation thereof. Organic rheology modifiers of a polymeric 
nature (e.g., a cellulose ether, a urethane, a polyacrylate, etc.) 
are sometimes used as an associative thickener, and are pre 
ferred for a latex coating. An organic rheology modifier typi 
cally confers a greater water retention capacity property 
("open time') to a coating relative to a silicate rheology 
modifier. A common example of a cellulose ether is a methyl 
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cellulose, a hydroxyethyl cellulose, or a combination thereof. 
An example of a hydroxyethyl cellulose includes Natrosol (R) 
(Hercules Incorporated); CellosizeTM (Dow Chemical Com 
pany); or a combination thereof. An example of hydrogenated 
oil includes hydrogenated castor oil. An example of a ure 
thane rheology modifier (“associative thickener”) includes a 
hydrophobically modified ethylene oxide urethane 
(“HEUR), which comprises a polyethylene glycol block 
covalently linked by urethane, and has both a hydrophilic and 
hydrophobic regions capable of use in an aqueous environ 
ment. An example of a HEUR includes a block of polyethyl 
ene oxide linked by an urethane and modified with a nonyl 
phenol hydrophobe (Rohm and Haas Company). Often a 
urethane rheology modifier confers a Superior leveling prop 
erty over another type of organic rheology modifier. An 
example of an organometallic rheology modifier includes a 
titanium chelate, a Zirconium chelate, or a combination 
thereof. 
0702. In addition to the disclosures herein, a rheology 
modifier and use of a rheology modifier in a coating is known 
to those of skill in the art, and Such compositions and tech 
niques may be included in the practice of the present inven 
tion (see, for example, Flick, E. W. “Handbook of Paint Raw 
Materials, Second Edition, 808-843 and 879-998, 1989; in 
“Paintand Coating Testing Manual, Fourteenth Edition of the 
Gardner-Sward Handbook.' (Koleske, J. V. Ed.), pp. 268-285 
and 348-349, 1995; in “Paint and Surface Coatings. Theory 
and Practice, Second Edition.” (Lambourne, R. and Strivens, 
T. A., Eds.), pp. 73, 218, 227,352, 558-559 and 718, 1999; 
Wicks, Jr., Z. W., Jones, F. N., Pappas, S. P. “Organic Coat 
ings, Science and Technology, Volume 2: Applications, Prop 
erties and Performance.” pp. 42, 215, 293, 315, 320 and 
323-328, 1992; and in “Paints, Coatings and Solvents, Sec 
ond, Completely Revised Edition.” (Stoye. D. and Freitag, 
W., Eds.) pp 6, 128 and 166-167, 1998. 

e. Defoamers 

0703. A coating sometimes comprises a gas capable of 
forming a bubble (“foam) that can undesirably alter a physi 
cal and/or aesthetic property. Undesirable gas incorporation 
into a coating composition is often a side affect of coating 
preparation processes, and a particular bane of latex coatings. 
Often, a wetting agent and/or a dispersant used in a coating 
may promote creation or retention of foam. Additionally, 
microorganisms can produce gas, and in certain embodi 
ments, a coating comprising a microorganism based particu 
late material of the present invention may also comprise a 
defoamer. A defoamer ("antifoaming agent,” “antifoaming 
additive') is a composition that releases gas (e.g., air) and/or 
reduces foaming in a coating during production, application, 
film formation, or a combination thereof. A defoamer often 
acts by lowering the surface tension around a bubble, allow 
ing merging of a bubble with a second bubble, which pro 
duces a larger and less stable bubble that collapses. 
0704. Examples of a defoamer include an oil (e.g., a min 
eral oil, a silicon oil), a fatty acid ester, dibutyl phosphate, a 
metallic Soap, a siloxane, a wax, an alcohol comprising 
between six to ten carbons, or a combination thereof. An 
example of an oil defoamer is pine oil. In some aspects, an 
antifoaming agent is combined with an emulsifier, a hydro 
phobic silica, or a combination thereof. Examples of a trade 
name defoamer is a TEGOR. Foamex 8050 (Goldschmidt 
Chemical Corp.), which comprises a polyether siloxane 
copolymer and fumed silica, and typically is used at 0.1% to 
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0.5% during coating preparation; and BYK(R)-31 (BYK-Che 
mie), which comprises a paraffin mineral oil and hydrophobic 
compounds, and typically is used at 0.1% to 0.5% in a coat 
ing. 

f. Catalysts 

0705. A catalyst is an additive that promotes film forma 
tion by catalyzing a cross-linking reaction in a thermosetting 
coating. Examples of a catalyst include a drier, an acid or a 
base, and the selection of the type of catalyst is specific to the 
chemistry of the film formation reaction. 

(1) Driers 

0706. A drier (“siccative') catalyzes is an oxidative film 
formation reaction, such as those that occur in an oil-based 
coating. In addition to the disclosures herein, an drier and use 
ofan drier in a coating is known to those of skill in the art, and 
Such materials and techniques for using an drier in a coating 
may be applied in the practice of the present invention (see, 
for example, Flick, E.W. “Handbook of Paint Raw Materials, 
Second Edition. pp. 73-93 and 879-998, 1989; in “Paint and 
Coating Testing Manual, 
0707 Fourteenth Edition of the Gardner-Sward Hand 
book.” (Koleske, J. V. Ed.), pp 30-35, 1995; in “Paint and 
Surface Coatings. Theory and Practice, Second Edition.” 
(Lambourne, R. and Strivens, T.A., Eds.), pp. 190-192, 1999; 
Wicks, Jr., Z. W., Jones, F. N., Pappas, S. P. “Organic Coat 
ings, Science and Technology, Volume 1: Film Formation, 
Components, and Appearance. pp. 138, 317-318, 1992: 
Wicks, Jr., Z. W., Jones, F. N., Pappas, S. P. “Organic Coat 
ings, Science and Technology, Volume 2: Applications, Prop 
erties and Performance' pp. 138, 197-198, 330, 344, 1992: 
and in “Paints, Coatings and Solvents, Second, Completely 
Revised Edition.” (Stoye. D. and Freitag, W., Eds.) pp. 11, 48, 
165, 1998. 
0708. A drier may comprise a metal drier, an alternative 

drier, a feeder drier, or a combination thereof. Usually a drier 
comprising a metal ("a metal drier) catalyzes the oxidative 
reaction. Examples of a metal typically used in a drier 
includes aluminum, barium, bismuth, calcium, cerium, 
cobalt, iron, lanthanum, lead, manganese, neodymium, potas 
sium, Vanadium, Zinc, Zirconium, or a combination thereof. 
Examples of types of metal driers include an inorganic metal 
salt, a metal-organic acid salt ('soap'), or a combination 
thereof. A “salt' is the composition formed between the anion 
ofan acid and the cation of a base. Typically, the acid and base 
of a salt interact by an ionic bond. Examples of organic acids 
used in Such a Soap include a monocarboxylic acid of 7 to 22 
carbon atoms. Examples of Such a monocarboxylic acid 
include a linoleate, a naphthenate, a neodecanoate, an 
octoate, a rosin, a synthetic acid, a tallate, or a combination 
thereof. Examples of a drier comprising a synthetic acid 
include those under the tradenames TroymaxTM (Troy Cor 
poration). Though most driers are water insoluble, water dis 
persible driers can be prepared by combining a surfactant 
with a naphthenate drier and/or a synthetic acid drier. How 
ever, water dispersible driers are typically obtained under a 
tradename such as, for example, TroykydR) Calcium WD, 
TroykydR) Cobalt WD, Troykyd R. Manganese WD 
TroykydR Zirconium WD (Troy Corporation). Additionally, 
a potassium Soap, lithium Soap, or a combination thereof, has 
limited aqueous solubility. 
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(0709. A primary drier (“surface drier,” “active drier,” “top 
drier) acts at the coating-external environment interface. A 
secondary drier (“auxiliary drier.”“through drier”) acts 
throughout the coating. Examples of primary driers include 
metal driers comprising cobalt, manganese, Vanadium, or a 
combination thereof. Examples of secondary driers include 
metal driers comprising aluminum, barium, calcium, cerium, 
iron, lanthanum, lead, manganese, neodymium, Zinc, Zirco 
nium, or a combination thereof. A rare earth drier comprises 
lanthanum, neodymium, cerium, or a combination thereof. 
0710. In many embodiments, it is contemplated that a 
coating will comprise from 0.01% to 0.1%, including all 
intermediate ranges and combinations thereof, of an indi 
vidual metal of a primary drier, by weight of the non-volatile 
components of a coating composition. In many embodiments, 
it is contemplated that a coating will comprise from 0.1% to 
1.0%, including all intermediate ranges and combinations 
thereof, of an individual metal of a secondary drier, by weight 
of the non-volatile components of a coating composition. 
Standard physical and/or chemical properties for various dri 
ers comprising a metal (e.g., calcium, cerium, cobalt, iron, 
lead, manganese, nickel, rare earth, Zinc, Zirconium), and 
procedures for determining various metals content for a dri 
ers are described in, for example, ASTM Book of Standards, 
Volume 06.04, Paint Solvents; Aromatic Hydrocarbons.” 
D600-90, 2002; and “Volume 06.01, Paint Tests for Chemi 
cal, Physical, and Optical Properties: Appearance.” D2373 
85, D2374-85, D2375-85, D2613-01, D3804-02, D3969-01, 
D3970-80, D3988-85, and D3989-01, 2002; and ASTM 
Book of Standards, Volume 06.01, Paint Tests for Chemi 
cal, Physical, and Optical Properties: Appearance.” D564-87, 
2002. 
0711. It is particularly preferred that in embodiments 
wherein a secondary drier is used, it is combined with a 
primary drier, as the activity of most secondary driers are 
often very limited when acting without the presence of a 
primary drier. Skinning is film-formation disproportionately 
at the coating-external environment interface. Skinning often 
results in undesirable wrinkle formation ("wrinkling) in the 
film. A primary drier undesirably promotes skinning when 
acting without the presence of a secondary drier. In certain 
aspects, Zinc may be selected for reducing wrinkling in thick 
films. In other aspects, calcium and/or Zirconium may be 
selected instead of lead, which may be limited due to an 
environmental law or regulation. In some facets, an iron drier, 
rare earth drier, or combination thereof, may be selected for 
use during film formation by baking. However, an iron drier 
may darken a coating. In further aspects, an aluminum drier 
may be selected for an alkyd-coating. 
0712. An alternative drier is a type of drier developed for 
use in a high Solid and/or water-borne coating, due to the 
inefficiency of a metal-soap drier in these types of coatings. 
Often, an alternative drier is combined with a metal-soap 
drier. An example of a metal soap drier include a 1.10 
phenanthronine, 2,2'-dipyridyl. A feeder drier is a type of 
drier designed to prolong the pot life of a coating in embodi 
ments wherein a metal Soap drier is absorbed by a coating 
component such as a carbon black pigment, an organic red 
pigment, or a combination thereof. A feeder drier dissolves 
over time into the coating, thereby providing a continual 
Supply of drier. An example a feederdrier include a tradename 
composition such as TroykydR) Perma Dry (Troy Corpora 
tion). 

(2) Acids 
0713. An acid catalyzes amino resin cross-linking 
between a plurality of amino resins and/oranamino resin and 
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an addition resin, though an acid is more effective in promot 
ing cross-linking between the additional resin and an amino 
resin. A coating may comprise a strong acid, a weak acid, or 
a combination thereof. Examples of an acid include a strong 
acid or a weak acid. The rate of curing is typically accelerated 
by selection of a strong acid over a weak acid. Examples of a 
strong acid include, p-toluenesulfonic acid (“PTSA), dode 
cylbenzenesulfonic acid (“DDBSA), or a combination 
thereof. Examples of a weak acid include phenyl acid phos 
phate (PAP), butyl acid phosphate (BAP), or a combina 
tion thereof. 

(3) Bases 
0714. A base catalyzes cross-linking between an acrylic 
resin and an epoxy resin in film formation. In specific aspects, 
the base comprises, for example, a dodecyl trimethyl ammo 
nium chloride, a tri(dimethylaminomethyl) phenol, a 
melamine-formaldehyde resin, or a combination thereof. 

(4) Urethane Catalysts 
0715. In specific aspects, a urethane coating comprises a 
catalyst to accelerate the reaction between an isocyanate moi 
ety and a reactive hydrogen moiety. Examples of Such a 
urethane catalyst include a tin compound, a Zinc compound, a 
tertiary amine, or a combination thereof. Examples of a Zinc 
compound include Zinc octoate, Zinc naphthenate, or a com 
bination thereof. Examples of a tin compound include dibu 
tyltin dilaurate, Stannous octoate, or a combination thereof. 
An example of a tertiary amine includes a triethylene 
diamine. 

g. Antiskinning Agent 
0716. An antiskinning agent is a composition, other than a 

drier, that reduces film-formation at the coating-external 
environment interface, reduce shrinkage ("wrinkling'), or a 
combination thereof. Such antiskinning agents are often used 
to protect coatings from undesired film-formation after a 
container of coating has been opened, during normal film 
formation, or a combination thereof. Examples of antiskin 
ning agents, with commonly used coating concentrations in 
parentheses, include butyraloxime (0.2%), cyclohexanone 
oxime, dipentene, exkin1, exkin 2, exkin3, guaiacol (0.001% 
to 0.1%), methyl ethyl ketoxime (0.2%), pine oil (1% to 2%), 
or a combination thereof. Generally, an antiskinning agent 
acts by reducing the rate of film-formation and/or promotes 
even film-formation throughout a coating by slowing an oxi 
dative reaction that occurs as part of film formation. 
Examples of antioxidant antiskinning agents include a phe 
nolic antioxidant, an oxime, or a combination thereof. 
Example of a phenolic antioxidant includes guaiacol. 4-tert 
butylphenol, or a combination thereof. Oximes tend to evapo 
rate such as during film formation, are colorless, do not affect 
a coating's color property, and generally do not significantly 
alter the time of film-formation. Examples of an oxime 
include, butyraldoxime, methyl ethyl ketoxime, cyclohex 
anone oxime, or a combination thereof. In certain facets, an 
Oxime is used to slow skinning promoted by a copper drier. 

h. Light Stabilizers 
0717. A coating, a film and/or a surface may be undesir 
ably altered by contact with an environmental agent such as, 
for example, oxygen, pollution, water (e.g., moisture), and/or 
irradiation with light (e.g., UV light). To reduce Such damag 
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ing alterations to a coating and/or film, it is contemplated that 
a coating composition may comprise a light stabilizer. A light 
stabilizer (“stabilizer”) is a composition that reduces or pre 
vents damage to a coating, film and/or Surface by an environ 
mental agent. Such agents may alter the color, cause a sepa 
ration between two layers of film (“delamination'), promote 
chalking, promote crack formation, reduce gloss, or a com 
bination thereof. This is a particular problem for a film in an 
exterior environment, Such as, for example, an automotive 
film. Additionally, wood surfaces are Susceptible to damage 
by environmental agents, particularly UV light. 
0718 Typically, a light stabilizer may comprise a UV 
absorber, a radical scavenger, or a combination thereof. A UV 
absorber is a composition that absorbs UV light. Examples of 
UV absorbers include a hydroxybenzophenone, a hydrox 
yphenylbenzotriazole, a hydrozyphenyl-S-triazine, an oxalic 
anilide, yellow iron oxide, or a combination thereof. A 
hydroxyphenylbenzotriazole generally demonstrates the 
broadest range of UV wavelength absorption, and converts 
the absorbed UV light into heat. Additionally, a hydroxyphe 
nylbenzotriazole and/or a hydrozyphenyl-S-triazine usually 
have the longest effective use in a film due to a higher resis 
tance to photochemical reactions, relative to a hydroxyben 
Zophenone or an oxalic anilide. 
0719. A radical scavenger light stabilizer (e.g., a sterically 
hindered amine) is a composition that chemically reacts with 
a radical (“free radical'). Examples of a sterically hindered 
amine (“hindered amine light stabilizer. “HALS) include 
the ester derivatives of decanedioic acid, such as HALS I 
“bis(1.2.2.6,6-pentamethyl-4-poperidinyl) ester, which is 
used in non-acid catalyzed coatings; HALS II "bis(2.2.6,6,- 
tetramethyl-1-isooctyloxy-4-piperidinyl) ester, which is 
typically used in an acid catalyzed coating. 
0720 For embodiments wherein a coating, film, and/or 
Surface is primarily located in-doors, a range of 1% to 3%. 
including all intermediate ranges and combinations thereof, 
of a light stabilizer relative to binder content is contemplated. 
A range of 1% to 5%, including all intermediate ranges and 
combinations thereof, of a light stabilizer relative to binder 
content is contemplated for exterior uses. Additionally, a 
combination of a UV absorber and a radical scavenger light 
stabilizer are contemplated in some embodiments, as the heat 
released by a UV absorber may promote radical formation. 
Light stabilizers are often commercially produced, and 
examples of UV absorber and/or a radical scavenger light 
stabilizer sold under a tradename include Tinuvin R. (Ciba 
Specialty Chemicals) or Sanduvor R Clariant LSM 
(America) Inc.. 
0721 i. Corrosion Inhibitors 
0722. A coating comprising a liquid component that com 
prises water, particularly a water-borne coating, may promote 
corrosion in a container comprising iron, particularly at the 
lining, seams, handle, etc. A corrosion inhibitor reduces cor 
rosion by water or another chemical. Examples of a corrosion 
inhibitor includes a chromate, a phosphate, a molybdate, a 
wollastonite, a calcium ion-exchanged silica gel, a Zinc com 
pound, a borosilicate, a phosphosilicate, a hydrotalcite, or a 
combination thereof. 

0723. In certain embodiments, a corrosion inhibitor is an 
in-can corrosion inhibitor, a flash corrosion inhibitor, or a 
combination thereof. An in-can corrosion inhibitor ("can 
corrosion inhibitor') is a composition that that reduces or 
prevents such corrosion. Examples of an in-can corrosion 
inhibitor are sodium nitrate, sodium benzoate, or a combina 
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tion thereof. These compounds are typically used at a con 
centration of 1% each in a coating composition. In-can cor 
rosion inhibitor are often commercially produced, and an 
example includes SER-ADR) FA179 (Condea Servo LLC.), 
typically used at 0.3% in a coating composition. A flash 
corrosion inhibitor (“flash rust inhibitor') is a composition 
that reduces or prevents corrosion produced by application of 
a coating comprising water to a metal Surface (e.g., an iron 
Surface). Often, in-can corrosion inhibitors at increased con 
centrations are added to a coating composition to act as a flash 
corrosion inhibitor. An example of a flash corrosion inhibitor 
includes sodium nitrite, ammonium benzoate, 2-amino-2- 
methyl-propan-1-ol (AMP), SER-ADR FA179 (Condea 
Servo LLC.), or a combination thereof. Standard procedures 
to determining the effectiveness of corrosion inhibition by a 
coating comprising a flash rust inhibitor are described, for 
example, in ASTM Book of Standards, Volume 06.02, 
Paint Products and Applications; Protective Coatings: 
Pipeline Coatings.” D5367-00, 2002. 
0724 j. Dehydrators 
0725. In some embodiments, preventing moisture from 
contacting coating component such as a binder, Solvent, pig 
ment, or a combination thereof, may be desired. For example, 
certain urethane coatings undergo film-formation in the pres 
ence of moisture, as well as produce a film with increased 
yellowing, increased hazing and/or decreased gloss. A dehy 
drator may be added during coating production and/or storage 
to minimalize contact with moisture. Examples of a dehydra 
tor include Additive TI (Bayer Corporation), Additive OF 
(Bayer Corporation), or a combination thereof. Additive TI 
comprises a compound with one reactive isocyanate moiety, 
and it is capable of reacting with compounds with a chemi 
cally reactive hydrogen Such as water, an alcohol, a phenol, or 
an amide. However, in a preferred reaction with water, the 
reaction products are carbon dioxide and toluenesulfona 
mide. The toluenesulfonamide is generally inert relative to a 
urethane binder, and soluble in many non-aqueous liquid 
components. In certain embodiments, a urethane coating may 
comprise 0.5% to 4%. Additive TI. Additive OF is a dehydra 
tor generally used in a urethane coating. In certain embodi 
ments, a urethane coating may comprise 1% to 3%. Additive 
OF 

0726 k. Electrical Additives 
0727. In some embodiments, it is desirable to include an 
additive to alter an electrical property of a coating (e.g., 
electrical conductivity, electrical resistance). Examples of an 
additive to alter an electrical property of a coating and/or 
coating component include an anti-static additive, an electri 
cal resistance additive, or a combination thereof. An anti 
static additive may be included in a coating composition 
comprising a flammable component to reduce the chance of 
an electrostatic spark occurring and igniting the coating. An 
anti-static additive is a composition that increases the electri 
cal conductivity of a coating. An example of a flammable 
component is a hydrocarbon Solvent. Examples of an anti 
static additive include Stadis(R 425 (Octel-Starreon LLC 
USA), Stadis(R 450 (Octel-Starreon LLC USA), or a combi 
nation thereof. An electrical resistance additive is a compo 
sition that reduces the resistance to electricity by a coating. 
An electrical resistance additive may be included in a coating 
to improve the ability of a coating to be applied to a Surface 
using an electrostatic spray applicator. For example, an oxy 
genated compound (e.g., a glycol ether) often possesses a 
high electrical conductivity, which can make use of an elec 
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trostatic spray applicator to apply a coating comprising an 
oxigenated compound relatively more difficult than a similar 
coating lacking an oxigenated compound. Examples of an 
electrical resistance additive include Ramsprep, Byk-ES 80 
(BYK-Chemie GmbH), or a combination thereof. Byk-ES 80 
comprises, for example, an unsaturated acidic carboxylic acid 
ester alkylolammonium salt, and typically is added between 
0.2% and 2% to a coating composition. Additionally, tech 
niques for determining an electrical property (e.g., electrical 
resistance) of a coating comprising an electrical additive are 
known to those of ordinary skill in the art (see, for example, 
“ASTM Book of Standards, Volume 06.01, Paint Tests for 
Chemical, Physical, and Optical Properties: Appearance.” 
D5682-95, 2002). 
0728 1. Anti-Insect Additives 
0729. Certain coatings may serve a protective role for a 
Surface or Surrounding environment against insects, and thus 
may comprise an anti-insect agent. An example of a Surface 
where a coating comprising an anti-insect agent may be desir 
able is a wooden Surface. Examples of an area where coating 
comprising an anti-insect agent may be desirable would be a 
storage facility, such as a cargo hold of a ship or railcar. An 
anti-insect agent is a composition that, upon contact, is det 
rimental to the well-being (e.g., life, reproduction) of an 
invertebrate pest (e.g., an insect, an arachnid, etc). Examples 
of anti-insect additives that have been used in coatings 
include copper naphthenate, tributyl tin oxide, Zinc oxide, 
6-chloro epoxy hydroxy naphthalene, 1-dichloro 2.2"bis-(p- 
chlorophenyl)ethane, or a combination thereof. 
(0730) 5. Coating Preparation 
0731. As would be known to one of ordinary skill in the 

art, a coating may comprise insoluble particulate material. 
Particulate material may comprise a primary particle, an 
agglomerate, an aggregate, or a combination thereof. A pri 
mary particle is a single particle not in contact with a second 
particle. An agglomerate is two or more particles in contact 
with each other, and generally can be separated by a disper 
sion technique, a wetting agent, a dispersant, or a combina 
tion thereof. An aggregate is two or more particles in contact 
with each other, which are generally difficult to separate by a 
dispersion technique, a wetting agent, a dispersant, or a com 
bination thereof. 
0732. Usually, a pigment, an extender, certain types of 
rheology modifiers, certain types of dispersants, or a combi 
nation thereofare the major sources of particulate material in 
a coating. In the present invention, microorganism derived 
particulate material will also be a source of particulate mate 
rial in a coating. In certain embodiments, a micoorganism 
based particulate matter of the present invention may be used 
in combination with and/or as a Substitute for a pigment, an 
extender, a rheology modifier, a dispersant, or a combination 
thereof. In specific facets, a micoorganism-based particulate 
matter of the present invention may substitute for 0.001% to 
100%, including all intermediate ranges and combinations 
thereof, of a pigment, an extender, a rheology modifier, a 
dispersant, or a combination thereof. It is contemplated that 
any technique used in the preparation of a coating that com 
prises a pigment, extender or any other form of particulate 
material described herein or would be known to one of ordi 
nary skill in the art may be applied in the preparation of a 
coating comprising the microorganism derived particulate 
material of the present invention. Incorporation of particulate 
materials (e.g., pigments), assays for determining a rheologi 
cal property and/or a related property (e.g., viscosity, flow, 
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molecular weight, component concentration, particle size, 
particle shape, particle Surface area, particle spread, disper 
sion, flocculation, solubility, oil absorption values, CPVC, 
hiding power, corrosion resistance, wet abrasion resistance, 
stain resistance, optical properties, porosity, Surface tension, 
Volatility, settling, leveling, sagging, slumping, draining, 
floating, flooding, cratering, foaming, splattering.) of a coat 
ing component and/or a coating (e.g., pigment, binder, 
vehicle, Surfactant, dispersant, paint) and procedures for 
determining Such properties, as well as procedures for large 
Scale (e.g., industrial) coating preparation (e.g., Wetting, pig 
ment dispersion into a vehicle, milling, letdown) are 
described in, for example, in Patton, T. C. “Paint Flow and 
Pigment Dispersion, A Rheological Approach to Coating and 
Ink Technology,” 1979. 
0733. In many embodiments, dispersion of the particulate 
material is promoted by application of physical force (e.g., 
impact, shear) to the composition. Techniques such as grind 
ing and/or milling are typically used to apply physical force 
for dispersion of particulate matter. Though it is contemplated 
that such application of physical force may be used in the 
dispersal of the microorganism based particulate material of 
the present invention, such force may damage the structural 
integrity of the cell wall and/or cell membrane that confers 
size and shape to the material. The average particle size and 
shape will be altered by the degree of damage to the cell wall 
and/or cell membrane, which may alter a physical property, a 
chemical property, an optical property, or a combination 
thereof, of a microorganism based particulate material of the 
present invention. Examples of a physical property that may 
be altered by cell fragmentation include a rheological prop 
erty, Such as the contribution to viscosity, flow, etc., the ten 
dency to form a primary particle, an agglomerate, an aggre 
gate, etc. An example of a chemical property that may be 
altered includes allowing greater contact between amine and 
hydroxyl moieties of internally located biomolecules (e.g., a 
proteinaceous molecule) with a coating component, which 
may undergo a chemical reaction (e.g., crosslinking) with a 
binder. An example of an optical property that may be altered 
includes an alteration in the gloss characteristic of a coating 
and/or film by a reduction in particle size due to cell fragmen 
tation. 

0734. A preferred embodiment of the microorganism 
based particulate material is the material in the form of a 
“whole cell material, which refers to particulate material 
resembling an intact living cell upon microscopic examina 
tion, in contrast to cell fragments of varying shape and size. It 
is contemplated that such whole cell particulate material of 
the present invention will encapsulate an expressed biomol 
ecule (e.g., an enzyme) located in and/or internal to a cell wall 
and/or cell membrane. In certain aspects, the encapsulation of 
a biomolecule by a whole cell particle may provide greater 
protection of the biomolecule from a coating component 
(e.g., a solvent, a binder, an additive), a coating related chemi 
cal reaction (e.g., thermosetting film formation), a potentially 
damaging agent a coating and/or film may contact (e.g., a 
chemical, a solvent, a detergent, etc.), or a combination 
thereof, relative to a biomolecule located on the external 
surface of a cell or otherwise not comprised within and/or 
encapsulated by a cell wall and/or cell membrane. As would 
be known to those of ordinary skill in the art, any preparation 
of a microorganism will comprise a certain percentage of cell 
fragments, which comprise pieces of a cell wall, cell mem 
brane, and other cell components (e.g., an expressed biomol 
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ecule). The whole cell microorganism based particulate mate 
rial of the present invention will comprise 50% to 100%, 
including all intermediate ranges and combinations thereof of 
whole cell material. The percentage of whole cell material 
and cell fragments may be determined by any applicable 
technique known to one of ordinary skill in the art such as 
microscopic examination, centrifugation, etc., as well as any 
technique described herein for determining the properties of 
a pigment, extender, or other particulate material either alone 
or comprises in a coating. It is contemplated that in some 
aspects, cell fragments may be used as microorganism based 
particulate material. The cell fragment microorganism based 
particulate material of the present invention will comprise 
50% to 100%, including all intermediate ranges and combi 
nations thereof of cell fragment material. 
0735. For example, during typical preparation of a water 
borne and/or solvent-borne coating comprising particulate 
material Such as a pigment and/or extender, the particulate 
material is dispersed into a paste known as a 'grind' or 
“millbase. A combination of a binder and a liquid component 
know as a “vehicle' is used to disperse the particulate mate 
rial into the grind. Often, a wetting additive is included to 
promoted dispersion of the particulate material. Additional 
vehicle and/or additives are admixed with the grind in a stage 
referred to as the “letdown to produce a coating of a desired 
composition and/or properties. These techniques and others 
for coating preparation are well known to those of ordinary 
skill in the art see, for example, in ASTM Book of Stan 
dards, Volume 06.01, Paint Tests for Chemical, Physical, 
and Optical Properties: Appearance. D6619-00, 2002; in 
“Paint and Surface Coatings. Theory and Practice, Second 
Edition.” (Lambourne, R. and Strivens, T. A., Eds.), pp. 286 
329, 1999; and in “Paints, Coatings and Solvents, Second, 
Completely Revised Edition.” (Stoye, D. and Freitag, W., 
Eds.) pp. 178-193, 1998. It is specifically contemplated that 
these techniques may be used in preparing a coating compris 
ing the microorganism based particulate matter of the present 
invention, wherein the particulate matter of the present inven 
tion is treated as a pigment, extender, or other Such particulate 
material dispersed into a coating. 
0736. In another example, the effectiveness of the conver 
tion of agglomerates and/or an aggregates into primary par 
ticles in the grind (e.g., pigments, pigment-vehicle combina 
tions, pastes), and latter stages (e.g., lacquer, paint) are 
typically measured to insure quality, using techniques such 
as, for example, those described in ASTM Book of Stan 
dards, Volume 06.01, Paint Tests for Chemical, Physical, 
and Optical Properties: Appearance.” D1210-96, 2002: 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
D2338-02, D1316-93, and D2067-97, 2002; and in “ASTM 
Book of Standards, Volume 06.03, Paint Pigments, Drying 
Oils, Polymers, Resins, Naval Stores, Cellulosic Esters, and 
Ink Vehicles.” D185-84, 2002. It is specifically contemplated 
that these techniques for the preparation of coatings compris 
ing a pigment, extender, or other particulate material may be 
used in the practice of the present invention in the preparation 
of a coating comprising a microorganism based particulate 
material of the present invention. 
0737. In a further example, a microorganism based par 
ticulate material of the present invention may be adapted for 
use in standard coating formulation techniques to optimize a 
coating composition for desired properties. AS is known to 
those of ordinary skill in the art, the pigment Volume concen 
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tration is the volume of pigment in the total volume solids of 
a dry film. The volume solids is the fractional volume of 
binder and pigment in the total Volume of a coating. It is 
contemplated that in calculating the PVC, the content of a 
microorganism based particulate material of the present 
invention would be included in this or related calculations as 
a pigment or extender. A related calculation to the PVC that is 
specifically contemplated is the critical pigment Volume con 
centration (“CPVC) is the formulation of pigment and 
binder wherein the coating comprises the minimum amount 
of binder to fill the voids between the pigment particles. A 
pigment to binder concentration that exceeds the CVPC 
threshold produces a coating with empty spaces wherein gas 
(e.g., air, evaporated liquid component), may be trapped. 
Various properties rapidly change above the CPVC. For 
example, corrosion resistance, scrub resistance, stain resis 
tance, opacity, moisture resistance, rigidity, gloss, or a com 
bination thereof, are more rapidly reduced above the CPVC, 
while reflectance is often increased. However, in certain 
embodiments, coating may be formulated above the CPVC 
and still produce a film Suitable for given use upon a surface. 
Standard procedures for determining CPVC are known to 
those of ordinary skill in the art see, for example, in ASTM 
Book of Standards, Volume 06.01, Paint Tests for Chemi 
cal, Physical, and Optical Properties: Appearance.” D1483 
95, D281-95, and D6336-98, 2002; and in “Paint and Coating 
Testing Manual, Fourteenth Edition of the Gardner-Sward 
Handbook.” (Koleske, J. V. Ed.), pp. 252-258, 1995). 
(0738. The physical and/or optical properties of a coating 
are affected by the size of particulate material comprised 
within the coating. For example, inclusion of a physically 
hard particulate material. Such as a silica extender, may 
increase the abrasion resistance of a film. In another example, 
gloss is reduced when particulate material of a larger average 
particle size increases the roughness of the Surface of a coat 
ing and/or film. Standard procedures for determining particle 
properties (e.g., size, shape) are known to those of ordinary 
skill in the art (see, for example, ASTM Book of Standards, 
Volume 06.03, Paint Pigments, Drying Oils, Polymers, 
Resins, Naval Stores, Cellulosic Esters, and Ink Vehicles.” 
D1366-86 and D3360-96, 2002; and in “Paint and Coating 
Testing Manual, Fourteenth Edition of the Gardner-Sward 
Handbook.” (Koleske, J. V. Ed.), pp. 305-332, 1995). 
0739. It is also contemplated that a biomolecule composi 

tion, particularly one prepared as a particulate or powder 
material, may be incorporated into a powder coating. Specific 
procedures for determining the properties (e.g., particle size, 
Surface coverage, optical properties) of a powder coating 
and/or film have been described, for example, in ASTM 
Book of Standards, Volume 06.02, Paint—Products and 
Applications; Protective Coatings; Pipeline Coatings.” 
D3451-01, D2967-02a, D4242-02, D5382-02 and D5861-95, 
2002. 

0740. In some embodiments, the dispersion of particulate 
material ("fineness of grind') in a coating is, in Hegman units 
(“Hu'), 0.0 Hu to 8.0 Hu, including all intermediate ranges 
and combinations thereof. The dispersion of particulate mate 
rial content of a coating can be empirically determined, for 
example, as described in ASTM Book of Standards, Volume 
06.01, Paint Tests for Chemical, Physical, and Optical 
Properties: Appearance.” D1210-96, 2002. The size of par 
ticulate matter in a coating can affect gloss, with Smaller 
particle size generally more conducive for a higher gloss 
property of a coating and/or film. It is contemplated that a 
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whole cell particulate material of the present invention will 
possess similar size and shape as the organism from which it 
was derived. For example, E. coli is about 2 um in length and 
0.8 um in diameter, maize cells vary more in size, but a size of 
about 65um in diameter may be found in some cell types, and 
Saccaromyces cerivsia is about 10um in diameter. Ofcourse, 
processing and purifying techniques may reduce the particle 
size by fragmentation of the cell wall and membrane, and it is 
contemplated that a biomolecule composition of the present 
invention may be prepared to an average particle size for a 
specific purpose (e.g., gloss). In certain facets, a visibly 
coarse and/or low gloss coating (e.g., a low gloss finish, a flat 
latex paint) has a dispersion of particulate material of 2.0 Hu 
to 4.0 Hu. A particle size of 100 um to 50 um is associated 
with a dispersion of 0.0 Hu to 4.0 Hu. In some aspects, a 
semi-gloss or gloss coating has a dispersion of particulate 
material of 5.0 Hu to 7.5 Hu. A particle size of 50 um to 40 um, 
40 um to 26 um, 26 um to 13 Jum, and 13 um to 6 um is 
associated with a dispersion of 4.0 Hu to 5.0 Hu, 5.0 Hu to 6.0 
Hu, 6.0 Hu to 7.0 Hu, and 7.0 Hu to 7.5 Hu, respectively. In 
other aspects, a high gloss coating has a dispersion of particu 
late material of 7.5 Hu to 8.0 Hu. A particle size of 6 um to 3 
um and 3 um to 0.1 um is associated with a dispersion of 7.5 
Hu to 7.75 Hu and 7.75 Hu to 8.0Hu, respectively. In embodi 
ments wherein a coating comprises a combination of particu 
late materials, wherein the different particulate materials such 
as a combination of a microorganism derived particulate 
material of the present invention and one or more of different 
pigments, with each type of particulate material possessing a 
different average particle size, it is contemplated that the 
gloss will be affected most by the particle size of the largest 
type of particulate material added. However, gloss can also be 
empirically determined for a coating and/or film, as described 
herein or as would be known to one of ordinary skill in the art 
in light of the present disclosures. 
0741 6. Empirically Determining the Properties of Bio 
molecule, Coatings and/or Film 
0742 A coating with a desired set of properties for a 
particular use may be prepared by varying the ranges and/or 
combinations of coating components, and Such coating selec 
tion and preparation is within the ability of one of ordinary 
skill in the artin light of the present disclosures. For example, 
as would be known to those of ordinary skill in the art, a 
variety of assays are available to measure various properties 
of a coating, coating application, and/or a film to determine 
the degree of Suitability of a coating composition for use in a 
particular application. 
0743. It is contemplated that in general embodiments, a 
coating comprising a microorganism derived particulate 
material of the present invention may be subjected to one or 
more of Such assays. Additionally, a microorganism derived 
particulate material may further comprise a desired biomol 
ecule (e.g., a colorant, an enzyme), whether endogenously or 
recombinantly produced, that may confer a desired property 
to a coating and/or film of the present invention. As used 
herein, “bioactivity” refers to desired property such as color, 
enzymatic activity, etc, conferred to a coating by a biomol 
ecule of a microorganism derived particulate material of the 
present invention. As used herein, “bioactivity resistance' 
refers to the ability of a biomolecule to confer a desired 
property during and/or after contact with a stress condition 
normally assayed for in a standard coating and/or film assay 
procedure. Examples of Such a stress condition includes, for 
example, a temperature (e.g., a baking condition), contact 
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with a coating component (e.g., an organic liquid compo 
nent), contact with a chemical reaction (e.g., thermosetting 
film formation), contact with coating and/or film damaging 
agent (e.g., weathering, detergents, solvents), etc. In specific 
facets, wherein a microorganism derived particulate material 
of the present invention that comprises a desired biomolecule, 
a biomolecule may possess a greater bioactivity resistance 
Such as as determined with Standard assay procedure, than a 
purified or partly purified-like biomolecule. 
0744. It is contemplated that such bioactivity resistance 
may be determined using a standard procedure for a coating 
and/or film described herein or as would be known to one of 
ordinary skill in the art in light of the present disclosures. In 
one example, it is contemplated that a microorganism derived 
particulate material may comprise a desired colorant such as 
a chlorophyll, a caroteinoid, etc., which may undergo a 
desired or undesired change in its optical characteristics (e.g., 
color, opacity) upon baking at a particular temperature. Vari 
ous procedures for measuring the visual properties of a coat 
ing and/or film are described herein or would be known to 
those of ordinary skill in the art in light of the present disclo 
Sures may be used to determine the properties and/or toler 
ances of any Such colorant. 
0745. In an additional example, any assay described 
herein or would be known to one of ordinary skill in the art in 
light of the present disclosures may be used to determine the 
bioactivity resistance wherein an enzyme retains detectable 
enzymatic activity upon contact with a condition typically 
encounterina Standard assay. Additionally, in certain aspects, 
it is contemplated that a coating and/or film comprising an 
enzyme may lose part of all of a detectable, desirable bioac 
tivity during the period of time of contact with standard assay 
condition, but regain part or all of the enzymatic bioactivity 
after return to non-assay conditions. An example of this pro 
cess is the thermal denaturation of an enzyme at an elevated 
temperature range into a configuration with lowered or absent 
bioactivity, followed by refolding of an enzyme, upon return 
to a preferred temperature range for the enzyme, into a con 
figuration possessing part or all of the enzymatic bioactivity 
detectable prior to contact with the elevated temperature. In 
another example, an enzyme may demonstrate such an 
increase in bioactivity upon removal of a solvent, chemical, 
etc. 

0746. In some embodiments, an enzyme identified as hav 
ing a desirable enzymatic property for one or more target 
Substrates may be selected for incorporation into a composi 
tion of the present invention. The determination of an enzy 
matic property may be conducted using any technique 
described herein or known to those of ordinary skill in the art, 
in light of the present disclosures. For example, the determi 
nation of the rate of cleavage of a substrate, with or without a 
competitive or non-competitive enzyme inhibitor, can be uti 
lized in determining the enzymatic properties of an enzyme, 
Such as V. K. K/K, and the like, using analytical 
techniques such as Lineweaver-Burke analysis, Bronsted 
plots, etc (Dumas, D. P. et al., 1989a; Dumas, D. P. et al., 
1989b; Dumas, D. P. et al., 1990; Caldwell, S.R. and Raushel, 
F. M., 1991c.; Donarski, W.J. et al., 1989; Raveh, L. et al., 
1992; Shim, H. et al., 1998: Watkins, L. M. et al., 1997a; 
diSioudi, B. et al., 1999; Hill, C. M., 2000; Hartleib, J. and 
Ruterjans, H., 2001b: Lineweaver, H. and Burke, D., 1934: 
Segel, I. H., 1975). It is contemplated that any such analysis 
may be used to identify an enzyme with a specifically desir 
able enzymatic property for one or more Substrates. 
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0747. In a specific example, phosphoric triester hydro 
lases have demonstrated the ability to degrade a wide variety 
of OP compounds. Methods for measuring the ability of an 
enzyme to degrade an OP compound are known to those of 
ordinary skill in the art. It is contemplated that any Such 
technique may be utilized to determine enzymatic activity of 
a composition of the present invention for a particular OP 
compound. 
0748 Techniques for measuring the kinetics of enzymatic 
detoxification for various OP-compounds comprising a P S 
bond at the phosphorous center (e.g., an OP-phosphonothi 
olate) such as VX (“EA 1701,” “TX60.” “O-ethyl-S-(diiso 
propylaminoethyl)methylphosphonothioate'; Russian VX 
“R-VX. “O-isobutyl-S-(diisopropylaminoethyl)meth 
ylphosphonothioate, tetriso “O.O-diisopropyl S-(2-diiso 
prpylaminoethyl)phosphorothiolate'. echothiophate 
(“phospholine.” "O.O-diethyl-phosphorothiocholine'), 
malathion “phosphothion.” “S-(1,2-dicarbethoxyethyl)-O, 
O-dimethyl dithiophosphate', dimethoate “Cygon R. 
“Dimetate(R).” “O.O-dimethyl-S-(N-methylcarbomoyl-me 
thyl)phosphorodithioate', EA 5533 “OSDMP.” “O.S.-di 
ethylmethylphosphonothioatel IBP (“Kitazin P”“O,O-diiso 
propyl-S-benzylphosphothioate'), acephate (“O.S.-dimethyl 
acetyl phosphoroamidothioate), azinophos-ethyl "S-(3,4- 
dihydro-4-oxobenzo(d)-1,2,3-triazin-3-ylmethyl-O.O-di 
ethyl)phosphorothioate', demeton S“VXanalogue.” “O.O- 
diethyl-S-2-ethylthiolethyl phosphorothioate, malathion 
“Phosphothion.” “S-(1,2-dicarbethoxyethyl)-O,O-dimethyl 
dithiophosphate', and phosalone “O.O-diethyl-S-(6- 
chloro-2-oxobenzoxazolin-3-yl-methyl)phosphorodithio 
ate, have been described (see, for example, disioudi, B. D. 
et al., 1999; Hoskin, F.C. G. et al., 1995; Watkins, L. M. et al., 
1997a; Kolakowski, J. E. et al., 1997: Gopal, S. et al., 2000; 
and Rastogi, V. K. et al., 1997). 
0749 Techniques for measuring the kinetics of enzymatic 
detoxification for various OP-compounds comprising a P F 
bond at the phosphorous center (e.g., an OP-phosphonofluo 
ridate) Such as Soman (1.2.2-trimethylpropyl-meth 
ylphosphonofluoridate'), sarin (isopropylmethylphospho 
nofluoridate'), DFP (“O.O-diisopropyl 
phosphorofluoridate'), alpha (“1-ethylpropylmeth 
ylphosphonofluoridate'), and mipafox (“N,N'-diisopropy 
lphosphorofluorodiamidate') have been described (see, for 
example Dumas, D. P. et al., 1990; Li, W.-S. et al., 2001; 
diSioudi, B. D. et al., 1999: Hoskin, F. C. G. et al., 1995; 
Gopal, S. et al., 2000; and DeFrank, J. and Cheng, T., 1991). 
0750 A technique for measuring the kinetics of enzymatic 
detoxification for an OP-compound comprising a P CN 
bond at the phosphorous center (e.g., an OP-phosphonocyan 
ate) such as tabun (“ethyl N,N-demethylamidophosphoro 
cyanidate') has been described (see, for example, Raveh, L. et 
al., 1992). 
0751 Techniques for measuring the kinetics of enzymatic 
detoxification for various OP-compounds comprising a P F 
bond at the phosphorous center (e.g., an OP-triester) Such as 
paraoxon ("diethyl p-nitrophenylphosphate'), the Soman 
analogue O-pinacolyl p-nitrophenyl methylphosphonate, the 
Sarin analogue O-isopropyl p-nitrophenyl methylphospho 
nate, NPPMP (“p-nitrophenyl-o-pinacolyl methylphospho 
nate'), coumaphos "O.O-diethyl O-(3-chloro-4-methyl-2- 
oxo-2H-1 benzyran-7-yl)phosphorothioate, cyanophos "O, 
O-dimethyl p-cyanophenyl phosphorothioate', diazinon 
(“O.O-diethyl O-2-iso-propyl-4-methyl-6-pyrimidyl phos 
phorothiate'), dursban (“O.O-diethyl O-3,5,6-trichloro-2- 
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pyridyl phosphorothioate'), fensulfothion “O.O-diethylp 
(methylsulfinyl)phenylphosphorothioate”, parathion (“O, 
O-diethyl O-p-nitrophenyl phosphorothioate'), methyl 
parathion (“O.O-dimethyl p-nitrophenylphosphorothioate'), 
ethyl parathion “O.O-diethyl-O-(4-nitrophenyl)phospho 
rothioatel EPN (“O-ethyl O-(4-nitrophenyl)phenylphospho 
nothioate'), DEPP (“diethylphenylphosphate”), NPEPP (“p- 
nitrophenylethylphenylphosphinate’) have been described 
(see, for example, Dumas, D. P. et al., 1990; Li, W.-S. et al., 
2001; diSioudi, B.D. et al., 1999: Watkins, L. M. et al., 1997a; 
Gopal, S. et al., 2000; Mulbry, W. and Karns, J., 1989; Hong, 
S.-B. and Raushel, F. M., 1996; and Dumas, D. P. et al., 
1989b). 
0752. In one example, the cleavage rate of a phosphono 
thiolate OP substrate comprising a P S bond can be mea 
Sured using a method known as the Ellman reaction. All Such 
Substrates produce a P S bond cleavage product comprising 
a free thiol group, which can chemically react with the 
Elman's reagent, 5.5'-dithio-bis-2-nitrobenzoic acid 
(“DTNB). This reaction produces 5'-thiol-2-nitrobenzoate 
anions with a maximum absorbency at 412 nm. P S cleav 
age can be determined by the appearance of the free thiol 
group, measured using a spectrophotometer (Rastogi, V. H. et 
al., 1997: Gopal, S. et al., 2000; diSioudi, B. et al., 1999; 
Watkins, L. M. et al., 1997a; Hoskin, F. C. G. et al., 1995; 
Chae, M.Y. et al., 1994; Ellman, G. L. et al., 1961). 
0753. In an additional example, the cleavage of an OP 
Substrate can be measured by detecting the production of a 
cleavage product that comprises a released ion. In a further 
example, the cleavage of a phosphonofluoridate can be mea 
Sured by the release of cleavage product comprising a fluoride 
ion (F) using a fluoride ion specific electrode and a pH/mV 
meter (Hartleib, J. and Ruterjans, H., 2001a; Gopal, S. et al., 
2000; diSioudi, B. et al., 1999: Watkins, L. M. et al., 1997a; 
DeFrank, J. and Cheng, T., 1991; Dumas, D. P. et al., 1990; 
Dumas, D. P. et al., 1989a). In another example, the cleavage 
of a phosphonocyanate can be measured by the release of a 
cleavage product comprising a cyanide ion (CNT) using a 
cyanide selective electrode with a pH meter (Raveh, L. et al., 
1992). 
0754. In another example, cleavage of an OP substrate can 
be measured, for example, by 'P NMR spectroscopy. For 
example, the disappearance of VX and the formation of the 
cleavage product ethyl methylphosphonic acid ("EMPA), 
has been measured using this technique (Kolakowski, J. E. et 
al., 1997: Lai, K. et al., 1995). In another example, the disap 
pearance of tabun and the appearance of the N,N-dimethyla 
mindophosphosphoric acid cleavage product has been mea 
sured by P NMR spectroscopy (Raveh, L. et al., 1992). In a 
further example, the disappearance of DFP and appearance of 
a F cleavage product has been determined using F and 'P 
NMR spectroscopy (Dumas, D. P. et al., 1989a). 
0755. The cleavage of many OP compounds such as 
paraoxon, coumaphos, cyanophos, diazinon, dursban, fensul 
fothion, parathion, methyl parathion, DEPP, and various 
phosphodiesters, can be determined by measuring the pro 
duction of a cleavage product spectrophotometrically at vis 
ible or UV wavelengths (Dumas, D. P. et al., 1989b). For 
example, the cleavage of DEPP can be measured at 280 nm, 
using a spectrophotometer to detect a phenol cleavage prod 
uct (Watkins, L. M. et al., 1997a; Hong, S.-B. and Raushel, F. 
M., 1996). In a further example, various phosphodiesters 
(e.g., ethyl-4-nitrophenyl phosphate) have been made to 
evaluate OPH cleavage rates, and their cleavage measured at 
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280 nm by the production of a substituted phenol cleavage 
product (Shim, H. et al., 1998). In a further example, 
paraoxon is often used as to measure OPH activity, because it 
is both rapidly hydrolyzed by the enzyme and produces a 
visible cleavage product. To determine kinetic properties, the 
production of paraoxon's cleavage product, p-nitrophenol, is 
measured with a spectrophotometer at 400 nm or 420 nm 
(Dumas, D. P. et al., 1990; Kuo, J. M. and Raushel, F. M., 
1994; Watkins, L. M. et al., 1997a; Gopal, S. et al., 2000). In 
an additional example, NPPMP cleavage can also be mea 
Sured by the release of p-nitrophenol as a cleavage product 
(disioudi, B. et al., 1999). In a further example, chiral and 
non-chiral phosphotriesters have been created to produce 
p-nitrophenol as a cleavage product, and thus adapt the 
method used in measuring paraoxon cleavage in determining 
the general binding and/or cleavage preference of an enzyme 
for a phosphoryl group Senantiomer, Renantiomer or non 
chiral substrate (Chen-Goodspeed, M. et al., 2001a; Chen 
Goodspeed, M. et al., 2001b; Wu, F. et al., 2000a: Steubaut, 
W. et al., 1975). In an example, chiral sarin and soman ana 
logues have been created wherein the fluoride comprising 
moiety of the P F bond has been replaced by p-nitrophenol, 
allowing detection of the CWA analogs cleavage rates using 
the adapted method for paraoxon cleavage measurement (Li, 
W.-S. et al., 2001). 
0756. Other techniques are known to those of skill in the 
art for measuring OP detoxification activity, such as, for 
example, determining the loss of acetylcholinesterase inhibi 
tory potency of an OP compound due to contact with an 
enzyme (Hoskin, F. C. G., 1990; Luo, C. et al., 1999; Ashani, 
Y. et al., 1998). 
0757 General procedures for empirically determining the 
purity/properties of various coating components and/or coat 
ing compositions are known to those of ordinary skill in the 
art, and may be applied in the practice of the present inven 
tion. Such procedures include measurement of density, Vol 
ume Solids and/or specific gravity, of a coating component 
and/or coating composition, for purposes Such as Verification 
of component identity, aid in coating formulation, maintain 
ing coating batch to batch consistency, etc. Examples of stan 
dard techniques for determining density of various solvents, 
liquids (e.g., a liquid coating), pigments, coatings (e.g., a 
powder coating) include those described in ASTM Book of 
Standards, Volume 06.04, Paint Solvents; Aromatic Hydro 
carbons, D2935-96, D1555M-00, D1555-95, and D3505 
96, 2002: ASTM Book of Standards, Volume 06.01, Paint 
Tests for Chemical, Physical, and Optical Properties: 
Appearance.” D1475-98 and D215-91, 2002: ASTM Book 
of Standards, Volume 06.03, Paint Pigments, Drying Oils, 
Polymers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles, D153-84 and D153-84, 2002: ASTM Book of 
Standards, Volume 06.02, Paint Products and Applications: 
Protective Coatings; Pipeline Coatings.” D5965-02, 2002: 
and “Paint and Coating Testing Manual, Fourteenth Edition 
of the Gardner-Sward Handbook.' (Koleske, J. V. Ed.), pp. 
289-304, 1995. 
0758 Standard surface specification and/or procedures 
for preparing a Surface (e.g., glass, wood, Steel) for empiri 
cally measuring a physical and/or visual property of a coating 
(e.g., a paint, a varnish, a lacquer) and/or film are known to 
those of ordinary skill in the art (see, for example, ASTM 
Book of Standards, Volume 06.01, Paint Tests for Chemi 
cal, Physical, and Optical Properties: Appearance.” D3891 
96, D609-00, and D2201-99, 2002; and “ASTM Book of 
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Standards, Volume 06.02, Paint Products and Applications: 
Protective Coatings; Pipeline Coatings.” D358-98, D4227 
99, and D4228-99, 2002). Specific procedures for preparing a 
metal Surface and an evaluating a coating (e.g., a primer, a 
paint) applied to a metal Surface are known to those of ordi 
nary skill in the art (see, for example, ASTM Book of Stan 
dards, Volume 06.02, Paint Products and Applications; Pro 
tective Coatings; Pipeline Coatings.” D3276-00, D5161-96, 
D4417-93, D3322-82, D2092-95, D5065-01, D5723-95, 
D6386-99, and D6492-99, 2002). Specific procedures for 
evaluating a coating applied to a plastic Surface are known to 
those of ordinary skill in the art (see, for example, ASTM 
Book of Standards, Volume 06.02, Paint—Products and 
Applications; Protective Coatings; Pipeline Coatings.” 
D3002-02, 2002). 
0759 Standard procedures for determining the stability of 
a coating (e.g., a water-borne coating, a UV irradiation cured 
coating) in a container prior and/or after opening the con 
tainer are known to those of ordinary skill in the art (see, for 
example, ASTM Book of Standards, Volume 06.02, Paint— 
Products and Applications; Protective Coatings; Pipeline 
Coatings.” D2243-95 and D4144-94, 2002). 
0760 Standard procedures for evaluating an applicator 
(e.g., a brush, a roller, a fabric, a spray applicator, an electro 
coat bath) and/or a coating being applied by an applicator are 
known to those of ordinary skill in the art (see, for example, 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
D6737-01, D5913-96, D5959-96, D5301-92, D5068-02, 
D5069-92, D4707-97, D5286-01, D6337-98, D4285-83, and 
D5327-97, 2002; and “ASTM Book of Standards, Volume 
06.01, Paint Tests for Chemical, Physical, and Optical 
Properties: Appearance.” D1978-91, D5794-95, D4370-01, 
D4399-90, and D4584-86, 2002. 
0761 Standard procedures for preparing a coating (e.g., a 
paint, a varnish, a lacquer) and/or film layer upona Surface for 
empirically measuring a physical and/or visual property are 
known to those of ordinary skill in the art (see, for example, 
“ASTM Book of Standards, Volume 06.01, Paint Tests for 
Chemical, Physical, and Optical Properties: Appearance.” 
D3924-80, D823-95, and D4708-99, 2002: ASTM Book of 
Standards, Volume 06.02, Paint Products and Applications: 
Protective Coatings; Pipeline Coatings.” D6206-97, D1734 
93, and D4400-99, 2002; and “Paint and Coating Testing 
Manual, Fourteenth Edition of the Gardner-Sward Hand 
book.” (Koleske, J. V. Ed.), pp. 415-423, 1995. 
0762 Standard procedures for empirically determining 
the degree and duration of film formation of various coating 
compositions are known to those of ordinary skill in the art, 
and may be applied in the practice of the present invention. 
Example of a standard technique for determining the degree? 
duration of film formation by loss of a Volatile coating com 
ponent and/or a cross-linking reaction for a coating (e.g., an 
oil-coating, a UV cured coating, an thermosetting powder 
coating) include those described in ASTM Book of Stan 
dards, Volume 06.01, Paint Tests for Chemical, Physical, 
and Optical Properties: Appearance.” D3539-87, D1640-95 
and D5895-01 e1, 2002: ASTM Book of Standards, Volume 
06.02, Paint Products and Applications; Protective Coat 
ings; Pipeline Coatings.” D4217-02, D3732-82, D2091-96, 
D711-89, D4752-98, and D5909-96a, 2002: ASTM Book of 
Standards, Volume 06.03, Paint Pigments, Drying Oils, 
Polymers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles. D2575-70 and D2354-98, 2002; and “Paint and 
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Coating Testing Manual, Fourteenth Edition of the Gardner 
Sward Handbook.” (Koleske, J. V. Ed.), pp. 407-414, 1995. 
Additionally, the temperature generated by a film formation 
reaction by a coating (e.g., a wood coating) may also be 
determined by one of ordinary skill in the art (see, for 
example, ASTM Book of Standards, Volume 06.02, Paint— 
Products and Applications: Protective Coatings; Pipeline 
Coatings.” D3259-95, 2002). Further, standard techniques for 
evaluating baking conditions on an organic coating and/or 
film are known to those of ordinary skill in the art, (see, for 
example, ASTM Book of Standards, Volume 06.01, Paint— 
Tests for Chemical, Physical, and Optical Properties: Appear 
ance.” D2454-95, 2002). 
0763. In embodiments wherein film formation at room 
temperature is preferred in a coating, a standard procedure 
that would be known to one of ordinary skill in that art may be 
used for measuring film formation rate and/or stages (see for 
example, ASTM Book of Standards, Volume 06.01, Paint— 
Tests for Chemical, Physical, and Optical Properties: Appear 
ance.” D1640-95, 2002. In certain aspects wherein the ability 
of an oil to undergo film formation is to be determined, a 
standard procedure described in ASTM Book of Standards, 
Volume 06.03, Paint Pigments, Drying Oils, Polymers, 
Resins, Naval Stores, Cellulosic Esters, and Ink Vehicles.” 
D1955-85, 2002, may be used. In embodiments wherein the 
hardness of a film produced by a coating composition is 
measured (e.g., an organic coating), a standard procedure 
such as, for example, ASTM Book of Standards, Volume 
06.01, Paint Tests for Chemical, Physical, and Optical 
Properties: Appearance.” D3363-00, D4366-95, and D1474 
98, 2002. 
0764 Examples of a standard technique for determining 
the coating and/or film thickness after application to various 
surface types are described in ASTM Book of Standards, 
Volume 06.01, Paint Tests for Chemical, Physical, and 
Optical Properties: Appearance.” D1212-91, D4414-95, 
D1005-95, D1400-00, D1186-01, and D6132-97, 2002: 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
D5235-97, D4138-94, D2200-95, and D5796-99, 2002; and 
“Paintand Coating Testing Manual, Fourteenth Edition of the 
Gardner-Sward Handbook.' (Koleske, J.V.Ed.), pp. 424-438, 
1995. 

0765. Examples of a standard technique for determining 
the adhesion of a coating and/or film to various Surface types 
are described in “ASTM Book of Standards, Volume 06.01, 
Paint Tests for Chemical, Physical, and Optical Properties: 
Appearance.” D3359-02, D5179-98, and D2197-98, 2002: 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
D4541-02 D3730-98, D4145-83, D4146-96, and D6677-01, 
2002; and “Paint and Coating Testing Manual, Fourteenth 
Edition of the Gardner-Sward Handbook.' (Koleske, J. V. 
Ed.), pp. 513-524, 1995. Additionally, standard procedures 
for determining the ability of one or more layers of a multi 
coat System to function (e.g., adhere, weather) together are 
described in, for example, ASTM Book of Standards, Vol 
ume 06.02, Paint Products and Applications; Protective 
Coatings; Pipeline Coatings.” D5064-01, 2002. 
0766 Various standard techniques for determining the 
physical properties (e.g., flexibility, tensile strength, tough 
ness, impact resistance, hardness, mar resistance, blocking 
resistance) relevant to the durability of a film and/or the 
degree of film formation are known to those of ordinary skill 
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in the art. Such procedures may be used to empirically char 
acterize a film, and determine whether a coating composition 
produces a film suitable for a given application. Flexibility is 
the film's ability to undergo stress from bending and/or flex 
ing without discernible damage (e.g., cracking). Examples of 
a standard technique for determining the flexibility of a film 
under mechanical or temperature stress are described in 
“ASTM Book of Standards, Volume 06.01, Paint Tests for 
Chemical, Physical, and Optical Properties: Appearance.” 
D522-93a and D4145-83, 2002: ASTM Book of Standards, 
Volume 06.02, Paint Products and Applications: Protective 
Coatings; Pipeline Coatings.” D4145-83, D4146-96, and 
D1211-97, 2002; and “Paint and Coating Testing Manual, 
Fourteenth Edition of the Gardner-Sward Handbook.” 
(Koleske, J. V. Ed.), pp. 547-554, 1995. Related to flexibility 
is the tensile strength of a film, which is the ability of a film to 
undergo tensile deformation without developing discernible 
damage (e.g., cracking, tearing). Examples of a standard tech 
nique for determining the tensile strength of a film are 
described in “ASTM Book of Standards, Volume 06.01, 
Paint Tests for Chemical, Physical, and Optical Properties: 
Appearance.” D2370-98 and D522-93a, 2002; and “Paint and 
Coating Testing Manual, Fourteenth Edition of the Gardner 
Sward Handbook.” (Koleske, J. V. Ed.), pp. 534-545, 1995. 
Toughness is the film's ability to undergo strain imposed in a 
short period of time (e.g., one second or less) without dis 
cernible damage (e.g., breaking, tearing). Examples of a stan 
dard technique for determining the toughness of a film (e.g., 
a film for a pipeline) are described in "ASTM Book of Stan 
dards, Volume 06.01, Paint Tests for Chemical, Physical, 
and Optical Properties: Appearance.” D2794-93, 2002: 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
G14-88, 2002; and “Paint and Coating Testing Manual, Four 
teenth Edition of the Gardner-Sward Handbook. (Koleske, J. 
V. Ed.), pp. 547-554, 1995. Impact resistance is the ability of 
a film to undergo impact with an indenter without developing 
discernable damage at the dimple site (e.g., cracking). 
Examples of a standard technique for determining the impact 
resistance of a film (e.g., a film for a pipeline) are described in 
“ASTM Book of Standards, Volume 06.01, Paint Tests for 
Chemical, Physical, and Optical Properties: Appearance.” 
D2794-93, 2002: ASTM Book of Standards, Volume 06.02, 
Paint Products and Applications; Protective Coatings: 
Pipeline Coatings.” G13-89 and G14-88, 2002; and “Paint 
and Coating Testing Manual, Fourteenth Edition of the Gard 
ner-Sward Handbook.' (Koleske, J. V. Ed.), pp. 553-554, 
1995. Hardness is the film's ability to undergo an applied 
static force without developing discernable damage (e.g., a 
scratch, an indentation). Examples of a standard technique for 
determining the hardness of a film are described in ASTM 
Book of Standards, Volume 06.01, Paint Tests for Chemi 
cal, Physical, and Optical Properties: Appearancei' D1640 
95, D1474-98, D2134-93, D4366-95, and D3363-00, 2002: 
and “Paint and Coating Testing Manual, Fourteenth Edition 
of the Gardner-Sward Handbook (Koleske, J. V. Ed.), pp. 
555-584, 1995. Mar resistance (“marabrasion resistance') is 
the film's ability to undergo an applied dynamic force without 
developing a change in the film Surface appearance (e.g., 
gloss) due to a permanent deformation (e.g., an indentation). 
Examples of a standard technique for determining the mar 
resistance of a film are described in ASTM Book of Stan 
dards, Volume 06.01, Paint Tests for Chemical, Physical, 
and Optical Properties: Appearance.” D5178-98 and D6037 
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96, 2002; and “Paint and Coating Testing Manual, Fourteenth 
Edition of the Gardner-Sward Handbook.' (Koleske, J. V. 
Ed.), pp. 525-533 and 579-584, 1995. Abrasion resistance 
(“wearabrasion resistance') is the film's ability to undergo an 
applied dynamic force (e.g., washing) without removal of 
film material. Examples of a standard technique for determin 
ing the abrasion resistance (e.g., burnish resistance) of a film 
are described in “ASTM Book of Standards, Volume 06.01, 
Paint Tests for Chemical, Physical, and Optical Properties: 
Appearance.” D968-93 and D4060-01, 2002: ASTM Book 
of Standards, Volume 06.02, Paint Products and Applica 
tions: Protective Coatings; Pipeline Coatings.” D3170-01, 
D4213-96, D5181-91, D4828-94, D2486-00, D3450-00, 
D6736-01, and D6279-99e1, 2002; and “Paint and Coating 
Testing Manual, Fourteenth Edition of the Gardner-Sward 
Handbook.”(Koleske, J. V. Ed.), pp. 525-533, 1995. Blocking 
resistance (“block resistance') is the ability of a film to resist 
adhering to a second film, particularly when the two films are 
pressed together (e.g., a coated door and coated doorframe). 
Examples of a standard technique for determining the block 
ing resistance of a film are described in ASTM Book of 
Standards, Volume 06.02, Paint Products and Applications: 
Protective Coatings; Pipeline Coatings.” D2793-99 and 
D3003-01, 2002. Abrasion resistance (“wear abrasion resis 
tance') is the film's ability to undergo an applied dynamic 
force (e.g., washing) without removal of film material. Slip 
resistance is a coatings (e.g., a floor coating) slipperiness, 
and can be evaluated as described in “Paint and Coating 
Testing Manual, Fourteenth Edition of the Gardner-Sward 
Handbook.” (Koleske, J. V. Ed.), pp. 600-606, 1995. 
0767 Weathering resistance is film's ability to endure and/ 
or protecta Surface from an external environmental condition. 
Examples of environmental conditions that may damage a 
film and/or Surface include contact with varying conditions of 
temperature, moisture, Sunlight (e.g., UV resistance), pollu 
tion, biological organisms, or a combination thereof. 
Examples of a standard technique for determining the weath 
ering resistance of a film (e.g., an automotive film, an external 
architectural film, a varnish, a wood coating, a steel coating) 
by evaluating the degree of damage (e.g., fungal growth, color 
alteration, dirt accumulation, gloss loss, chalking, cracking, 
blistering, flaking, erosion, Surface rust), are described in 
“ASTM Book of Standards, Volume 06.01, Paint Tests for 
Chemical, Physical, and Optical Properties: Appearance.” 
D4141-01, D1729-96, D660-93, D661-93, D662-93, D772 
86, D4214-98, D3274-95, D714-02, D1654-92, D2244-02, 
D523-89, D1006-01, D1014-95, and D1186-01, 2002: 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
D3719-00, D610-01, D1641-97, D2830-96, and D6763-02, 
2002; and “Paint and Coating Testing Manual, Fourteenth 
Edition of the Gardner-Sward Handbook.' (Koleske, J. V. 
Ed.), pp. 619-642, 1995. Additionally, standard techniques 
are known to those of ordinary skill in the art for determining 
the resistance of a film to artificial weathering conditions. 
These procedures are used to contact a film with a simulated 
weathering condition (e.g., heat, moisture, light, UV irradia 
tion) at an accelerated timetable are described in ASTM 
Book of Standards, Volume 06.01, Paint Tests for Chemi 
cal, Physical, and Optical Properties: Appearance. D822-01, 
D4587-01, D5031-01, D6631-01, D6695-01, D5894-96, and 
D4141-01, 2002: ASTM Book of Standards, Volume 06.02, 
Paint Products and Applications: Protective Coatings: 
Pipeline Coatings.” D5722-95, D3361-01 and D3424-01, 
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2002; and “Paint and Coating Testing Manual, Fourteenth 
Edition of the Gardner-Sward Handbook” (Koleske, J. V. 
Ed.), pp. 643-653, 1995. 
0768 Standard techniques for determining a film's resis 
tance to damage by various chemicals are known to those of 
ordinary skill in the art. Examples of chemicals that can be 
used in Such procedures include an acid (e.g., 3% acetic acid), 
a base, an alcohol (e.g., 50% ethyl alcohol, hydrochloric acid, 
Sulfuric acid), a detergent (e.g., a sodium phosphate Solution), 
gasoline, a glycol based antifreeze, an oil (e.g., a vegetable 
oil, a lubricating petroleum oil, a grease), a solvent, water 
(e.g., a salt solution, a salt vapor), a polish abrasive, another 
coating (e.g., graffiti), or a combination thereof. Standard 
techniques for determining the chemical resistance of a film 
(e.g., an architectural film, an automotive film, a paint, a 
lacquer, a varnish, a traffic-coating, a metal Surface-film) by 
evaluating possible damage (e.g., adhesion loss, alteration of 
gloss, blistering, discoloration, loss of hardness, staining, 
swelling, wrinkling) are described in, for example, ASTM 
Book of Standards, Volume 06.02, Paint—Products and 
Applications; Protective Coatings; Pipeline Coatings.” 
D1308-02, D2571-95, D2792-69, D4752-98, D3260-01, 
D6137-97, D6686-01, D6688-01, and D6578-00, 2002: 
“ASTM Book of Standards, Volume 06.01, Paint Tests for 
Chemical, Physical, and Optical Properties: Appearance.” 
D2370-98, D2248-01a, and D870-02, 2002: ASTM Book of 
Standards, Volume 06.03, Paint Pigments, Drying Oils, 
Polymers, Resins, Naval Stores, Cellulosic Esters, and Ink 
Vehicles.” D1647-89, 2002; and “Paint and Coating Testing 
Manual, Fourteenth Edition of the Gardner-Sward Hand 
book.' (Koleske, J. V. Ed.), pp. 662-666, 1995. Additionally, 
examples of a standard technique for determining the solvent 
resistance of a film are described in ASTM Book of Stan 
dards, Volume 06.02, Paint Products and Applications; Pro 
tective Coatings; Pipeline Coatings.” D4752-98 and D5402 
93, 2002. 
0769 Standard techniques for determining a film's and/or 
Surfaces (e.g., metal, wood) resistance to water permeability 
and/or damage (e.g., corrosion, blistering, adhesion reduc 
tion, hardness alteration, color alteration, gloss alteration) by 
contact with water and/or moisture are described in, for 
example, ASTM Book of Standards, Volume 06.01, Paint— 
Tests for Chemical, Physical, and Optical Properties: Appear 
ance D870-02, D1653-93, D1735-02, D2247-02, and 
D4585-99, 2002; and “ASTM Book of Standards, Volume 
06.02, Paint Products and Applications; Protective Coat 
ings; Pipeline Coatings.” D2065-96, D2921-98, D3459-98, 
and D6665-01, 2002. 
0770 Standard techniques for determining a film's resis 
tance to damage by a temperature greater than ambient con 
dition are known to those of ordinary skill in the art. Thermal 
resistance is the film's ability to undergo stress from a tem 
perature at or below 200° C. without discernable damage, 
while heat resistance is the film's ability to undergo stress 
from a temperature above 200° C. (e.g., fire resistance, fire 
retardancy, flame resistance) without discernable damage. 
Standard techniques for determining the thermal and/or heat 
resistance of a film (e.g., a metal-film, a wood-lacquer) by 
evaluating possible damage (e.g., adhesion loss, alteration of 
gloss, blistering, chalking, discoloration) are described in, for 
example, ASTM Book of Standards, Volume 06.01, Paint— 
Tests for Chemical, Physical, and Optical Properties: Appear 
ance, D2370-98, D2485-91, D1360-98, D4206-96, and 
D3806-98, 2002; and “ASTM Book of Standards, Volume 
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06.02, Paint Products and Applications; Protective Coat 
ings; Pipeline Coatings.” D1211-97 and D6491-99, 2002. 
0771. In some embodiments, it may be desirable to mea 
Sure the component composition of a coating and/or film Such 
as to verify the presence, absence and/or amount of one or 
more coating components in a particular formulation. Stan 
dard procedures for sampling a coating and/or film, and ana 
lyzing the material composition (e.g., a pigment, a binder, 
liquid component, toxic material), have been described in, for 
example, ASTM Book of Standards, Volume 06.01, Paint— 
Tests for Chemical, Physical, and Optical Properties: Appear 
ance.” D2371-85, D5380-93, D2372-85, D2698-90, D3723 
84, D4451-02, D4563-02, D51 45-90, D3925-02, D2348-02, 
D224.5-90, D3624-85a, D3717-85a, D2349-90, D2350-90, 
D2351-90, D2352-85, D3271-87, D3272-76, D4017-02, 
D3792-99, D4457-02, D6133-00, D6191-97, D4764-01, 
D3718-85a, D3335-85a, D6580-00, E848-94, D4834-88, 
D4358-84, D2621-87, D3618-85a, D6438-99, D4359-90, 
D31 68-85, and D4948-89, 2002: ASTM Book of Standards, 
Volume 06.02, Paint Products and Applications; Protective 
Coatings; Pipeline Coatings.” D5702-02, 2002; and ASTM 
Book of Standards, Volume 06.03, Paint Pigments, Drying 
Oils, Polymers, Resins, Naval Stores, Cellulosic Esters, and 
Ink Vehicles, D1469-00, 2002. 
0772. The nonvolatile content of a coating component 
and/or coating (“total Solids content) can provide an esti 
mate, for example, of the volume offilm that will be produced 
by a coating or coating component (e.g., a paint, a clear 
coating, an electrocoat bath applied coating, a binder Solu 
tion, an emulsion, a varnish, an oil, a drier, a solvent) and/or 
the Surface area a coating can cover relative to a film's thick 
ness. The nonvolatile content of coating and/or coating com 
ponent can be determined by any technique known in the art 
(see, for example, ASTM Book of Standards, Volume 06.01, 
Paint Tests for Chemical, Physical, and Optical Properties: 
Appearance.” D6093-97, D2697-86, D1259-85, D1644-01, 
D2832–92, and D4209-82 D5145-90, 2002: ASTM Book of 
Standards, Volume 06.02, Paint Products and Applications: 
Protective Coatings; Pipeline Coatings.” D4713-92, D5095 
91, 2002; and “ASTM Book of Standards, Volume 06.03, 
Paint Pigments, Drying Oils, Polymers, Resins, Naval 
Stores, Cellulosic Esters, and InkVehicles. D4139-82, 2002. 
Additionally, the Volatile component of a coating can provide 
an estimate, for example, of VOC release and/or thermoplas 
tic film formation time. The nonvolatile content of coating 
and/or coating component (e.g., a paint, a clear coating, an 
automotive coating, an emulsion, a binder Solution, a varnish, 
an oil, a drier, a solvent) can be determined by any technique 
known in the art (see, for example, ASTM Book of Stan 
dards, Volume 06.01, Paint Tests for Chemical, Physical, 
and Optical Properties: Appearance. D2369-01 e1, D2832 
92, D3960-02, D4140-82, D4209-82, D5087-02 and D6266 
00a, 2002;and ASTM Book of Standards, Volume 06.02, 
Paint Products and Applications: Protective Coatings: 
Pipeline Coatings.” D5403-93, 2002. 
0773 Standard procedures for determining the visual 
appearance of a coating component, coating and or film (e.g., 
reflectance, retroreflectance, fluorescence, photoluminescent 
light transmission, color, tinting strength, whiteness, mea 
Surement instruments, computerized data analysis) have been 
described, for example, in ASTM Book of Standards, Vol 
ume 06.01, Paint Tests for Chemical, Physical, and Optical 
Properties: Appearance.” E284-02b, E312-02, E805-01a, 
E179-96, E991-98, E1247-92, E308-01, E313-00, E808-01, 
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E1336-96, E1341-96, E1347-97, E1360-90, D332-87, D387 
00, E1455-97, E1477-98a, E1478-97 E1164-02, E1331-96, 
E1345-98, E1348-02, E1349-90, D5531-94, D3964-80, 
E1651-94, E1682-96, E1708-95, E1767-95, E1808-96, 
E1809-01, E2022-01, E2072-00, E2073-02, E2152-01, 
E2153-01, D1544-98, E259-98, D3022-84, D1535-01, 
E2175-01, E2214-02, and E2222-02, 2002: ASTM Book of 
Standards, Volume 06.02, Paint Products and Applications: 
Protective Coatings; Pipeline Coatings.” D4838-88 and 
D5326-94a, 2002; and ASTM Book of Standards, Volume 
06.03, Paint Pigments, Drying Oils, Polymers, Resins, 
Naval Stores, Cellulosic Esters, and InkVehicles. D2090-98, 
D2090-98 and D6166-97, 2002. Specific techniques for 
matching two or more colored coatings and/coating compo 
nents to minimalize differences (e.g., metamerism) have been 
described, for example, in ASTM Book of Standards, Vol 
ume 06.01, Paint Tests for Chemical, Physical, and Optical 
Properties: Appearance.” D4086-92a, E1541-98 D2244-02 
2002. Specific techniques for determining differences in the 
color of a coatings and/coating components, particularly to 
insure color consistency of a coating composition, ASTM 
Book of Standards, Volume 06.01, Paint Tests for Chemi 
cal, Physical, and Optical Properties: Appearance.” D1729 
96, D2616-96, E1499-97, and D3134-97, 2002. 
0774 Gloss is the film’s “angular selectivity of reflec 
tance, involving Surface-reflected light, responsible for the 
degree to which reflected highlights or images of objects may 
be seen as superimposed on a surface’ (ASTM Book of 
Standards, Volume 06.01. Paint Tests for Chemical, Physi 
cal, and Optical Properties: Appearance. E284-02b, 2002). 
An example of a high gloss coating would be a paint film with 
a glass-like Surface appearance, as opposed to a low-gloss 
("flat) paint. Standard techniques for determining the gloss 
(e.g., specular gloss, sheen, haze, image clarity, waviness, 
directionality) of a coating and/or film are described, for 
example, in ASTM Book of Standards, Volume 06.01, 
Paint Tests for Chemical, Physical, and Optical Properties: 
Appearance.” E284-02b, D523-89, D4449-90, E 167-96, 
E430-97, D4039-93, D5767-95, and D2244-02, 2002: 
“ASTM Book of Standards, Volume 06.02, Paint Products 
and Applications; Protective Coatings; Pipeline Coatings.” 
D3928-00a, 2002; and “Paint and Coating Testing Manual, 
Fourteenth Edition of the Gardner-Sward Handbook.” 
(Koleske, J. V. Ed.), pp. 470-480, 1995. 
0775 7. Preferred Use of the Invention 
0776. In certain embodiments, the compositions and 
methods of the present invention have use in three primary 
markets that will benefit from a susceptible surface covered 
with a self-decontaminating coating: domestic military, 
friendly foreign military/civilian, and domestic civilian. It is 
contemplated that for military use, a self-decontaminating 
coating has utility on a Surface of a vehicle, a trailer, a barrack, 
a decontamination shelter, a piece of equipment (e.g., a piece 
of electronic equipment) or a combination thereof. 
0777. It is further contemplated that a biomolecular com 
position of the present invention may have dual military and/ 
or civilian use in a method for facilitating the disposal of a 
chemical waste, including but not limited to, a CWA, a pes 
ticide or a combination thereof. A particular dual use embodi 
ment of the present invention includes coating a surface that 
may be in a facility where there would be an unexceptable 
delay to the use of a piece of equipment, a space (e.g., a room, 
a command center, a computer center), a vehicle (e.g., a 
public transportation vehicle, an emergency vehicle) or a 
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combination thereof if the facility was subjected to or sus 
pected of exposure to, a dangerous chemical (e.g., a nerve 
agent). In some aspects, the piece of equipment, the space, 
and/or the vehicle may be used by a military personnel, an 
emergency personnel or a combination thereof. In specific 
facets, the piece of equipment, the space, and/or the vehicle is 
a critical piece of equipment, space and/or vehicle. It is con 
templated that such a facility may be contacted with a chemi 
cal from a chemical weapon attack (e.g., a CWA gas attack), 
an accidental release of a chemical, or a combination thereof. 
Examples of Such facilities include a control room at a mili 
tary base, an airport, a nuclear power plant, a hospital, or a 
combination thereof. It is an aspect of the disclosure that a 
facility (i.e., a space, a vehicle, a piece of equipment) that may 
be subject to exposure to a chemical (e.g., a nerve agent) may 
be coated with the disclosed compositions and would then be 
detoxified and safe after contact with the chemical. 
0778 Civilian applications contemplated include a coat 
ing of a Surface in contact with air, such as for example, a 
ventilation intake or an air filter, as well as a Surface (e.g., an 
interior Surface, an exterior Surface) comprised in a hospital 
clean room, a community safe room, a control room for a 
nuclear plant, a control room for a chemical plant, a control 
room for a power plant, a control room for a water plant, a 
government building, an industrial building, a facility for 
public transportation (e.g., a train, a Subway, a plane, an 
airport), and a Surface of an equipment by a first responder, or 
any combination of the forgoing. 
(0779. It is contemplated that for each formulation of a 
coating and a biomolecular composition of the present inven 
tion, enzymatic decontamination parameters based on chemi 
cal (e.g., CWA simulant) degradation assessment will be 
established in a range of exterior weathering conditions. If a 
specific formulation of enzyme composition in a coating 
remains active after exposure to exterior weathering condi 
tions, there is a significant utility for using the bioactive 
painted Surfaces in exterior and field application. For 
example, it is contemplated that a biomolecular composition 
of the present invention incorporated in standard formula 
tions of water-based or latex-based paint will result in mini 
mal to no changes in the durability of the paint based on 
standard exterior weathering conditions. In a general aspect 
of the present invention, a weathering study may indicate a 
need to reformulate a composition to improve a particular 
property (e.g., enhance biomolecular composition stability). 
In this aspect, it is contemplated that standard methods, 
known to those of skill in the art (e.g., encapsulation), may be 
used to increase stability and re-test the resulting formulation. 
Application of Such methods can be used to modify various 
formulations to produce a composition with one or more 
properties optimized to a particular application, as described 
herein and as would be know to one of ordinary skill in the art 
in light of the present disclosures. 
0780 8. Combinations of Decontamination Compositions 
and Methods 

0781. In certain embodiments, a composition or method of 
the present invention may be combined with another compo 
sition method for decontamination (e.g., detoxification, deg 
radation) of a chemical. In preferred aspects, the additional 
composition or method comprises one for decontamination of 
a pesticide or chemical warfare agent. Such additional com 
positions and methods are known in the art (Yang, Y.C. et al., 
1992), and may be applied prior, during and/or after applica 
tion of a composition and/or method of the present invention. 
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In particularly preferred embodiments, such a combination of 
a composition and/or method disclosed herein with a tradi 
tional composition and/or method produces greater decon 
tamination than that achieved without Such a combination. 
0782. Additional compositions that are contemplated 
include, but are not limited to, a caustic agent; a decontami 
nating foam (e.g., Sandia, Decon Green); an application of 
intensive heat and carbon dioxide for a Sustained period; an 
incorporation of a material into a coating that, when exposed 
to Sustained high levels of UV light, degrades a chemical; a 
chemical agent resistant coating; or a combination thereof. 
Examples of a caustic agent include, a bleaching agent, DS2, 
or a combination thereof. 

0783. As used herein, a “caustic agent' is a composition 
capable of destroying usually via a chemical reaction, a mate 
rial, unfortunately including animal tissue such as skin. Thus, 
application of a caustic agent is often accompanied by the 
wearing of protective gear for those not contaminated or 
Suspected of being contaminated, as would be understood by 
those of ordinary skill in the art. Certain caustic agents. Such 
as for example, a bleaching agent or decontamination solu 
tion 2 (“DS2), have specifically been formulated and/or used 
to decontaminate chemical warfare agents. Both Gagents and 
VX can be decontaminated with these caustic agents. As used 
herein, a "bleaching agent” refers to a reactive chemical com 
pound capable breaking a double bond in another chemical 
compound, which is often a useful property for degrading a 
toxic or otherwise undesirable chemical. Examples of a 
bleaching agent include a bleach powder, a bleach solution, or 
a combination thereof. A bleach powder may comprise, but is 
not limited to, Ca(OCl)C1 and Ca(OCl) ("high test hypochlo 
rite,” “HTH'); Ca(OCl) and CaO (“super tropical bleach.” 
“STB): Ca(OCl), and MgO (“Dutch powder); or a combi 
nation thereof. A bleach Solution may comprise, but is not 
limited to, NaOCl (“bleach'), usually 2% to 6% wtin water; 
a HTH slurry, usually 7% HTH wt in water; a STB slurry, 
usually 7% to 70% wt in water; activated solution of 
hypochlorite (ASH'), usually 0.5% Ca(OCl), and 0.5% 
sodium dihydrogen phosphate buffer and 0.05% detergent in 
water; self-limited activated solution of hypochlorite 
(“SLASH'), usually 0.5% Ca(OCl) and 1.0% sodium citrate 
and 0.2% citrate acid and 0.05% detergent in water; or a 
combination thereof. Bleach, Dutch powder, ASH and 
SLASH are generally applied to skin and equipment for 
decontamination, while HTH and STB are generally applied 
to equipment and terrain for decontamination. VX is prefer 
ably decontaminated at an acid pH, wherein it is more soluble 
(Yang, Y.C. et al., 1992). 
0784 DS2 was developed to function at various tempera 
tures (i.e., -25° C. to 52° C.), particularly those below the 
freezing point of most aqueous compositions. It usually com 
prises 70% diethylenetriamine 
(HNCHCH-NHCHCH-NH), 28% ethylene glycol 
monomethyl ether (CHOCH2CH2OH), and 2% sodium 
hydroxide (NaOH). DS2 is noncorrosive to many metals, but 
is damaging to many paints, leathers, rubber materials, plas 
tics and skin. Contact with a paint is generally limited to 30 
minutes or less. An aqueous rinse is generally used to remove 
DS2, and exposure to air and/or water degrades DS2 (Yang.Y. 
C. et al., 1992). 
0785 Various other decontamination compositions and 
methods are known to those of skill in the art. Examples of a 
decontaminating foam include Sandia, Decon Green, or a 
combination thereof. Examples of an incorporation of a mate 
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rial include incorporation of TiO, and porphyrins into aceto 
nitrile coatings that, when exposed to a Sustained high level of 
UV light in an oxygen environment (e.g., air), degrade a 
chemical agent (e.g., mustard). Addition of water to the aceto 
nitrile coating comprising TiO, and porphyrins will aid the 
degradation of VX to non-toxic compounds (Buchanan, J. H. 
et al., 1989; Fox, M. A., 1983). Additionally, CARCs have 
been developed to withstand repeated decontamination 
efforts. 

0786 Decontamination compositions are often prepared 
and packaged in equipment for easy of handling. Such an 
equipment packages include, but are not limited to, kits (e.g., 
a towelette package) and delivery apparatus (e.g., a sprayer). 
Examples of specific decontamination equipment packages 
that may be used in combination with a composition or 
method of the present invention includea ABC-M11 portable 
decontamination apparatus, which comprises DS2, a devise 
for spraying DS2, and a vehicle mounting bracket; a ABC 
M12A1 power-driven, skid-mounted decontamination appa 
ratus, which comprises a personnel shower unit, a pump, a 
tank, a M2 water heater, and delivers water, foam, DS2, STB, 
and/or deicing liquid; a M258A1 personal decontamination 
kit, which comprises towelettes soaked with a decontamina 
tion solution (i.e., 72% ethanol, 10% phenol, 5% NaOH, 
0.2% ammonia, and 12% water), ampules of a decontaminat 
ing solution (5% ZnCl, 45% ethanol, 50% water) for adding 
to a towlette soaked with chloramines-B (PhS(O)NClNa), 
packing foil, and a plastic carrying case: a M280 individual 
equipment decontamination kit, which comprises twenty fold 
the contents of the M258A1 kit; a M291 skin decontamina 
tion kit, which comprises six XE-555 resin (i.e., styrene/ 
divinyl benzene copolymer, a strong acid cation-exchange 
resin and a strong base anion-exchange resin for absorption 
and chemical detoxification) filled fiber pads packaged in 
foil; a M13 portable decontamination apparatus, which com 
prises DS2, a container and an equipment/vehicle mount, and 
is capable of dispensing DS2; a M17 lightweight, transport 
able decontamination apparatus, which comprises hoses, 
cleaning jets, personnel showers, a collapsible rubberized 
fabric tank, and is capable of dispensing water, or a combi 
nation thereof. The ABC-M11, M13 and M280 decontami 
nation equipment packages are generally used for equipment 
(e.g., vehicles), the M258A1 and M17 decontamination 
equipment packages are generally used for equipment and/or 
personnel, and the ABC-M12A1 and M291 decontamination 
equipment packages are generally used for personnel (Yang, 
Y. C. et al., 1992). 
0787 
0788. In certain embodiments, it may be desirable to 
remove a coating and/or film from a Surface Such as a non-film 
forming coating, a temporary film, a self-cleaning film, a 
coating and/or film that has been damaged, contaminated 
with an OP compound, or is otherwise no longer desired or no 
longer is Suitable for use. Various coating removers (e.g., a 
paint remover) are known to those of ordinary skill in the art, 
and often comprise solvents described hereincapable of dis 
Solving a coating component (e.g., a binder) integral to a 
film's structural integrity. Standard procedures for determin 
ing the effectiveness of a coating remover have been 
described, for example, in ASTM Book of Standards, Vol 
ume 06.02, Paint Products and Applications; Protective 
Coatings; Pipeline Coatings.” D6189-97, 2002. 

9. Removing a Coating or Film 
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Example 1 
Assay for Active Phosphoric Triester Hydrolase 

Expression in Cells 
0789 Routine analysis of parathion hydrolysis in whole 
cells is accomplished by Suspending cultures in 10 milli 
Molar (“mM) Tris hydrocholoride at pH 8.0 comprising 1.0 
mM sodium EDTA (“TE buffer”). Cell-free extracts are 
assayed using sonicated extracts in 0.5 milliLiters (“ml) of 
TE buffer. The suspended cells or cell extracts are incubated 
with 10 microLiters (“ul') of substrate, specifically 100 g of 
parathion in 10% methanol, and p-nitrophenol production is 
monitored at a wavelength of 400 nm. To induce the opd gene 
under lac control. 1.0 Limol of isopropyl-B-D-thiogalactopy 
ranoside (Sigma) per ml is added to the culture media. 

Example 2 
Preparation of Enzyme Powder 

0790. In a typical preparation, a single colony of bacteria 
that expresses the opd gene is selected and cultured in a rich 
media. After growth to saturation, the cells are concentrated 
by centrifugation at 7000 rotations per minute (rpm) for 10 
minutes for example. The cell pellet is then resuspended in a 
Volatile organic solvent such as acetone one or two times in 
order to dessicate the cells and to remove a Substantial portion 
of the water contained in the cell pellet. The pellet may then 
be ground or milled to a powder form. The powder may be 
frozen or stored at ambient conditions for future use, or may 
be added immediately to a Surface coating formulation. Addi 
tionally, the powder may be freeze dried, combined with a 
cryoprotectant (e.g., cryopreservative), or a combination 
thereof. 

Example 3 

Two-Pack OPH Paint Coating: OPH Powder and 
Latex Paint 

0791. In an example of use of the powder prepared as 
described in Example 2.3 mg of the milled powder was added 
to 3 ml of 50% glycerol. The suspension was then added to 
100 ml of Olympic(R) premium interior flat latex paint (Olym 
pic(R), One PPG Place, Pittsburg, Pa. 15272 USA). This paint 
with biomolecular composition was then used to demonstrate 
the activity of the paint biomolecular composition in hydroly 
sis of a pesticide or a nerve agent analog. 

Example 4 

Application of OPH Paint to a Surface 
0792. In a first set of assays, a paint product as prepared in 
Example 3 was applied to a hard, metal surface. The surface 
used in the present example was a non-galvanized Steel Sur 
face that was cleaned through being degreased, and preteated 
with a primer coat. A control Surface was painted with the 
identical paint with no biomolecular composition. Paraoxon, 
an organophosphorus nerve gas analog was used as an indi 
cator of enzyme activity. Paraoxon, which is colorless, is 
degraded to form p-nitrophenol, which is yellow in color, plus 
diethyl phosphate, thus giving a visual indication of enzyme 
activity. In multiple assays, the Surface with control paint 
remained white, indicating no production of p-nitrophenol, 
and the Surface painted with the paint and biomolecular com 
position turned yellow within minutes, indicating an active 
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OPH enzyme in the paint. This demonstration has shown that 
the surface remains active for more than 65 days, which was 
the maximum duration of the protocol. 
0793. In a further demonstration, the surfaces were treated 
as described above and each surface was then treated with 
paraoxon, an OP insecticide. Approximately 100 flies were 
then placed on each Surface under a plastic cover. In each 
procedure, within three hours, virtually all the flies on the 
control Surface with no paint biomolecular composition were 
killed by the paraoxon. In contrast, only approximately 5% of 
the flies on the enzyme comprising Surface had died. 
0794. In a demonstration of enzyme stability in the paint, 
a series of wood dowels were dipped into the paint with OPH 
enzyme composition. The dowels were then placed in tubes 
containing paraoxon to indicate enzyme activity as described 
above. In each case, a positive yellow color was seen except in 
those dowels painted with no biomolecular composition as 
controls. The control solution remained clear in every case. 
0795. In order to demonstrate the shelflife of both the dry 
biomolecular composition and the paint with biomolecular 
composition, the biomolecular composition was aged from 0 
to 20 days prior to mixing in the paint. The mixed paint and 
biomolecular composition was then also aged from 0 to 20 
prior to painting individual dowels. The enzyme composition 
retained strong activity after 20 days aging prior to being 
mixed in the paint, and for 20 days after mixing the maximum 
time used in the assay. 

Example 5 

Buffered Enzyme Paint 
0796. As the hydrolysis reaction that degrades nerve 
agents proceeds, the local pH decreases. Without limiting the 
invention to any particular mechanism, it is contemplated that 
due to the law of mass action, or to the optimum pH of the 
enzyme, the reaction is slower as the pH decreases. Because 
this effect could preventor inhibit some surfaces from becom 
ing completely decontaminated, active paint formulations 
have been prepared that include one or more buffering agents. 
0797. In initial procedures, the following compositions 
were used: 10 mg enzyme powder as described in Example 2. 
100 ul 0.1 M buffer, 800 ul HO, and 100 ul paraoxon for a 
1000 ul reaction volume. 
0798 Reactions were run for 1.5 to 2 hours and both pH 
and product concentration were measured. The concentration 
of product (p-nitrophenol) is measured by absorbance at 400 

. 

0799 Ammonium bicarbonate, both monobasic and diba 
sic phosphate buffers, Trizma base and five Zwitterionic buff 
ers have been used in the active paint compositions. All the 
buffers were effective at allowing the reaction to proceed 
further to completion, thus demonstrating the advantage of 
addition of a buffering agent to the active paint compositions. 

Example 6 

NATO Demonstration of Soman Detoxification 
Using OPH-Painted Surfaces 

(0800. At the Sep. 22, 2002, meeting of the NATO Army 
Armaments Group in Cazaux, France, painted metal Surfaces 
were assayed with Soman using standard NATO procedures 
and protocols. For the assays, 10 cmx10 cm metal plates 
primed with standard NATO specification paints were coated 
with paint containing OPH. Control plates plus two different 




























