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BIODEGRADABLE COATED SUBSTRATES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of International 
Application PCT/US01/18746, With an international ?ling 
date of Jun. 8, 2001, and published in English, Which claims 
the bene?t of US. Provisional Application No. 60/210,618, 
?led Jun. 9, 2000. 

TECHNICAL FIELD 

[0002] This invention relates to substrates having a coat 
ing comprising biodegradable plastics. More particularly, 
this invention relates to substrates having a coating com 
prising biodegradable polyhydroxyalkanoate copolymers. 

BACKGROUND ART 

[0003] Polymers ?nd uses in a variety of plastic articles 
including ?lms, sheets, ?bers, foams, molded articles, adhe 
sives and many other specialty products. The majority of this 
plastic material ends up in the solid Waste stream. While 
some efforts at recycling have been made, repeated process 
ing of even pure polymers results in degradation of material 
and consequently poor mechanical properties. Different 
grades of chemically similar plastics mixed upon collection 
can cause processing problems that make the reclaimed 
material inferior or unusable. Thus, there is a need for 
plastics, including plastic coatings, Which are biodegradable. 

[0004] Items such as juice boxes or foil food containers 
often are formed With laminates of plastics or foil. As such 
laminates often comprises non-biodegradable matters, these 
items must be removed from the stream of food Waste and 
deposited in land?lls. Thus, there is a need for coatings 
Which are biodegradable and yet resistance to grease and 
Water. Additionally, glossy ?nishes are often desired on 
paper products, such as printing or Wrapping paper. Thus, 
there is a need for coatings Which are biodegradable and yet 
provide a glossy ?nish to paper. 

[0005] Jaschek et al., US. Pat. No. 4,405,341, disclose a 
coated fabric consisting of continuous multi-?lament 
threads chemically activated and roughened to improve 
adhesion coated With tWo layers of coatings comprise a mix 
of a dispersable elastic and/or thermoplastic substance With 
a highly cross-linked duroplastic substance. 

[0006] Smith, US. Pat. No. 4,632,874, discloses a sub 
stantially homogenous aqueous composition for imparting 
coherency to textile ?laments and textile yarns, comprising 
an emulsi?able textile ?nishing oil and a Water dissipatable 
polymer. Smith teaches that ?laments of any yarn must to 
some degree have coherency to prevent the ?laments or 
?bers from becoming tangle masses. 

[0007] Dahmen et al., US. Pat. No. 4,774,131, disclose a 
process for the production of a textile surface coated With 
polyurethane, comprising Wet coating the textile materials 
With an aqueous cationic dispersion of a polyurethane With 
covalently bonded, solubility-enhancing, cationic groups 
and an aqueous, anionic dispersion of a polyurethane With 
covalently bonded, solubility-enhancing, anionic groups. 
Dahmen et al. teach that textiles are useful for the production 
of breathable and Water-proof clothing, and subsequently 
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drying the coated material, the improvement Which com 
prises applying to the textile surface. 

[0008] Van Gompel, US. Pat. No. 4,797,171, discloses a 
method of making a coated fabric comprising providing a 
base ply of non-Woven ?ber material; forming in the base 
ply material a pattern of densi?ed and undensi?ed portions, 
the densi?ed portions extending to at least one surface, 
designated the coating surface; then providing a thermoplas 
tic ?lm in a heat-softened condition; contacting the heat 
softened thermoplastic ?lm With the coating surface of the 
base ply; controlling the depth of penetration of the heat 
softened thermoplastic ?lm to a depth less than the entire 
depth of the base ply by maintaining the temperature of the 
?lm and the contact pressure betWeen the ?lm and the base 
ply at predetermined values, and alloWing the surface coat 
ing of ?lm to cool. 

[0009] Malhotra, US. Pat. No. 5,075,153, discloses a 
coated paper comprising a plastic supporting substrate, a 
binder layer composed of polymer selected from the group 
consisting of hydroxypropylcellulose, poly(vinyl alky 
lether), vinyl pyrrolidone/vinyl acetate, quaterniZed vinyl 
pyrrolidone/dialkylaminoethyl/methylacrylic, pyrrolidone/ 
dialkylaminoethyl/methylacrylic, poly(vinyl pyrrolidone), 
poly(ethylene imine), and mixtures thereof, a pigment or 
pigments, and an ink receiving polymer layer. Malhotra 
teaches the supporting substrate may be a polyester. 

[0010] Doran, US. Pat. No. 5,194,322, discloses a coated 
textile material comprising a textile substrate having a 
microporous coating of an elastomeric copolymer Wherein at 
least one component thereof is a ?uorocarbon, Wherein the 
coating is formed as a compressed foam layer at the surface 
of the textile substrate, the layer being compressed on the 
surface and set to form a coherent coarse membrane. 

[0011] PommeranZ et al., US. Pat. No. 5,306,544, disclose 
a paper Web for producing trays or coasters comprising a 
hygroscopic support paper and a sliding reducing means on 
one side Wherein the sliding reducing means includes a 
coating forming a discrete structure on the support paper and 
consisting of butylacrylate and methylacrylamide. 

[0012] Di Mino, US. Pat. No. 5,470,594, discloses a 
recyclable pouch for packaging food products comprising 
tWo superposed plies, each formed by at least one sheet of 
paper, each ply having an interface coated With a layer of 
Water-based acrylic polymer having a loW glass transition 
temperature and an outer face coated With a Water-based 
acrylic polymer having a relatively high glass transition 
temperature, the superposed plies being sealed together in a 
pre-determined sealing pattern by heat and pressure Which 
brings about fusion of the inner layer. Di Mino teaches each 
ply may be composed of tWo sheets of paper Which are 
laminated With a Water-based acrylic adhesive. Di Mino 
further teaches that the nature of the adhesive and the acrylic 
layers is such that the paper pouch lends itself to being 
recycled. 

[0013] Quick et al., US. Pat. No. 5,763,100, teach a 
recyclable paper stock comprising a substrate coated on at 
least one surface With a Water-based emulsion coating, the 
coating consisting essentially of 20 to 90 dry Weight percent 
of an acrylic-styrene copolymer Which consists essentially 
of acrylic monomers and styrene having a glass transition 
temperature beloW 50° C.; 5 to 70 dry Weight percent of a 
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Wax component selected from the group consisting of par 
af?n Wax, microcrystalline Wax, polyethylene Wax, and 
blends of tWo or more of the Waxes; and an acrylic polymer 
having a glass transition temperature above 30° C. present in 
amount up to 60 dry Weight percent, Wherein the coating 
forms a Water-resistant ?lm on the substrate surface. 

[0014] Finestone et al., US. Pat. No. 5,786,064, disclose 
a paper-?lm laminate sheeting comprising a paper ply hav 
ing top and bottom surfaces, a reinforcing ply of a synthetic 
plastic ?lm material having top and bottom surfaces, a 
Water-based adhesive layer for laminating the bottom sur 
face of the paper ply to the top surface of the reinforcing ply, 
and ?berglass strands betWeen the paper and reinforcing 
plies to increase the strength of the sheeting, Wherein the top 
surface of the ?lm is activated by corona discharge treatment 
prior to contact by the adhesive, and the sheeting includes a 
plurality of minute pores Which are uniformly distributed 
throughout. Finestone et al. teach the laminate sheeting is 
permeable only to moisture vapor, and can be tailored to 
form Water-proof yet breathable garments. 

[0015] Nielsen et al., US. Pat. No. 5,795,320 disclose an 
applicator comprising a tubular member formed from a 
single layer of paper having an exterior surface, and a 
coating applied to the exterior surface, the coating being a 
single layer of compostable material and comprising at least 
85% by Weight of a polylactide polymeric material, at least 
10% by Weight of additives, and up to 5% by Weight of a 
residual monomer, Wherein the coating provides the tubular 
member With a dry coef?cient of kinetic friction value 
ranging from betWeen 0.62 to 0.86. Nielsen et al. teach the 
paper applicator Which has a compostable coating on its 
external surface closely approximates the esthetic appear 
ance of a plastic applicator and has a loWer coef?cient of 
friction than a plastic applicator. 

[0016] El-Afandi et al., US. Pat. No. 5,849,401, disclose 
a compostable multi-layer ?lm comprising a core layer 
comprising a lactic acid residue-containing polymer, and a 
?rst and second blocking reducing layers comprising a 
semi-crystalline aliphatic polyester. El-Afandi et al. teach 
that the compostable multi-layer structures are ?lms having 
desirable properties of ?exibility and tear resistance and can 
be used to provide disposable bags. 

[0017] Bloch et al., US. Pat. No. 5,962,099, disclose a 
pressure sensitive sealing tape consisting essentially of a 
thin biaxially oriented synthetic-plastic ?lm ply formed of a 
material selected from the group consisting of polypropy 
lene, polyethylene and polyester, a paper ply cold laminated 
by Water-based adhesive to the ?lm ply, and a layer of 
pressure sensitive adhesive coating one side of the laminate, 
and a release agent coating the other side of the laminate to 
prevent blocking. 

[0018] Unfortunately, many prior art plastic items com 
prise plasticiZers. Additionally, many prior service items 
paper or plastic bags are lacking in strength or have poor 
Water permeation resistance and/or grease permeation resis 
tance. Further, many biodegradable plastic items are brittle, 
or are incapable of degrading under both aerobic and anaero 
bic conditions. 

[0019] Additionally, prior art polymers such as polyhy 
droxybutyrate and polyhydroxybutyrate-co-valerate often 
have unsatisfactory properties. Polyhydroxybutyrate and 
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polyhydroxybutyrate-co-hydroxyvalerate tends to become 
thermally unstable near their melt temperatures Which make 
processing dif?cult. It is preferred that the melting tempera 
ture of a biodegradable material be substantically loWer that 
its decomposition temperature, or the temperature at Which 
molecular Weight substantially decreases due to hydrolysis. 

[0020] There is a need for polymers Which are strong 
Without being brittle, Which are easy to process and Which 
Will biodegrade under both aerobic and anaerobic condi 
tions. Further, there is a need for coatings Which improve the 
Water and grease resistance of paper and fabric, and Will can 
impart a gloss to paper. 

SUMMARY OF THE INVENTION 

[0021] Accordingly, it is an object of this invention to 
obviate various problems of the prior art. 

[0022] It is also object of this invention to provide coated 
substrates Which can be anaerobically degraded Without 
harm to the ecosystem. 

[0023] It is another object of this invention to provide 
coated paper and coated fabric Which have good Water and 
grease resistance characteristics. As used herein, “liquid 
resistance” and “grease resistance” refer to the ability of an 
item to resist penetration or leakage by liquid and grease, 
respectively. 

[0024] It is yet another object of this invention to provide 
biodegradable coated substrates Which are substantially free 
of phthalate plasticiZers. 

[0025] It is another object of this invention to provide 
biodegradable coated substrates from biodegradable poly 
mers Which are easily processed. 

[0026] It is yet another object of this invention to provide 
biodegradable coated paper Which has a glossy surface. 

[0027] In accordance With one aspect of the invention 
there are provided coated substrates comprising a substrate 
and a coating. The coating comprises a biodegradable poly 
hydroxyalkanoate copolymer, comprising a ?rst randomly 
repeating monomer unit having the structure: 

(i) 
R1 o 

[0028] Wherein 

is or a _ a , an n is or ; an 0029 R1 ' H C1 2 lkyl d ' 1 2 d 

[0030] a second randomly repeating monomer unit 
having the structure: 

(ii) 
R2 0 

|| 
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[0031] wherein 

[0032] R2 is a C3_19 alkyl or a C3_19 alkenyl; and 

[0033] wherein at least 50% of the randomly repeat 
ing monomer units have the structure of the ?rst 
randomly repeating monomer unit. The substrate is 
selected from the group consisting of paper, fabric, 
thread and yarn. 

[0034] In accordance With another aspect of the invention 
there are provide methods of, improving the resistance to 
grease of a substrate, comprising the step of applying a 
coating to a substrate selected from the group consisting of 
paper, fabric, thread and yarn. The coating comprises a 
biodegradable polyhydroXyalkanoate copolymer comprising 
tWo randomly repeating monomer units Wherein the ?rst 
randomly repeating monomer unit has the structure: 

(0 
R1 

| || 
—I'O—CH—(CH2)H—C‘I— 

[0035] Wherein 

[0036] R1 is H or a CL2 alkyl, and n is 1 or 2; and, 

[0037] the second randomly repeating monomer unit 
has the structure: 

(ii) 
R2 0 

|| 

[0038] Wherein 

[0039] R2 is a C3_19 alkyl or a C3_19 alkenyl; and 

[0040] Wherein at least 50% of the randomly repeat 
ing monomer units have the structure of the ?rst 
randomly repeating monomer unit. 

[0041] In accordance With yet another aspect of the inven 
tion there are provide methods of improving the resistance 
to Water of a substrate, comprising the step of applying a 
coating to a substrate selected from the group consisting of 
paper and fabric. The coating comprises a biodegradable 
polyhydroXyalkanoate copolymer comprising tWo randomly 
repeating monomer units Wherein the ?rst randomly repeat 
ing monomer unit has the structure: 

[0042] Wherein 

[0043] R1 is H or a CL2 alkyl, and n is 1 or 2; and 

[0044] the second randomly repeating monomer unit 
has the structure: 
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(ii) 
R2 0 

|| 

[0045] 
[0046] R2 is a C3_19 alkyl or a C3_19 alkenyl; and 

[0047] Wherein at least 50% of the randomly repeat 
ing monomer units have the structure of the ?rst 
randomly repeating monomer unit. 

Wherein 

[0048] In accordance With yet another aspect of the inven 
tion there are provide methods of providing a gloss on paper, 
comprising the step of applying a coating to the paper, 
Wherein the coating comprises a biodegradable polyhy 
droXyalkanoate copolymer, comprising tWo randomly 
repeating monomer units Wherein the ?rst randomly repeat 
ing monomer unit has the structure: 

[0049] Wherein 

[0050] R1 is H or a CL2 alkyl, and n is 1 or 2; and 

[0051] the second randomly repeating monomer unit 
has the structure: 

(ii) 
R2 0 

|| 

[0052] 

[0053] R2 is a C3_19 alkyl or a C3_19 alkenyl; and 

Wherein 

[0054] Wherein at least 50% of the randomly repeat 
ing monomer units have the structure of the ?rst 
randomly repeating monomer unit. The coating 
improves the resistance to Water of the item and is 
capable of aerobic and anaerobic degradation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0055] As used herein, “PHA” refers to a polyhydroXyal 
kanoate polymer of the present invention. Applicants have 
found that compositions comprising polyhydroXyalkanoate 
polymers (PHAs) provide useful coatings for substrates such 
as paper, fabric, thread and yarn. PHAs in accordance With 
the present invention Will biodegrade under both aerobic and 
anaerobic conditions, thus, items formed from the PHAs can 
biodegrade even When under Water. The PHAs may be 
disposed of into the food Waste stream as a miXture of food 
Waste and PHAs, for eXample, food Waste and paper sub 
strates having a coating comprising PHA may be composted 
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together. Biodegradation of the PHAs Will occur Without 
harm to the environment, microorganisms or animals. 

[0056] Biodegradable items in accordance With the inven 
tion are unexpectantly resistant to liquids and grease. The 
items are formed from PHAs exhibit surprisingly good 
heat-sealability and adhesion to paper substrates. 

[0057] Further, unlike the homopolymer poly(3-hydroxy 
butyrate) (PHB) or the copolymer poly(3-hydroxybutyrate 
co-3-hydroxyvalerate) (PHBV), PHAs in accordance With 
the invention are tough Without being brittle. Thus items 
comprising the PHAs are less likely to crack or delaminate. 
Applicants have found that polyhydroxyalkanoates in accor 
dance With the present invention have loWer melt tempera 
tures, loWer degrees of crystalinity and improved melt 
rheologies relative to polyhydroxybutyrate and poly(3-hy 
droxybutyrate-co-3-hydroxyvalerate). As the PHAs of the 
present invention have loW melting temperatures, the PHAs 
can be processed into ?lms and coatings. The PHAs of the 
present invention have melting temperatures loWer than their 
decomposition temperatures, or the temperature at Which 
substantial MW loss due to hydrolysis occurs. 

[0058] As used herein, the term “coating” is intended to 
refer to both a layer exclusively on the surface of a substrate 
as Well as a layer Which to some degree penetrates the 
substrate. Suitable substrates include paper, fabric, thread 
and yarn. Often the substrate Will be paper. As used herein, 
“paper” refers to a substrate formed from cellulose ?ber, 
including paper and cardboard. As used herein, “fabric” 
includes natural and synthetic fabrics. The fabrics may be 
knitted, Woven or non-Woven. Suitable fabrics include cot 
ton, rayon, Wool, and polyesters, as Well as biodegradable 
fabrics comprising PHAs. As used herein, “thread and yarn” 
includes natural and synthetic threads and yarns, such as 
cotton, rayon, polyester, Wool, silk, nylon, and acrylic as 
Well as biodegradable threads and yarns comprising PHAs. 
Thread and yarn may be formed using ?bers of PHA. As 
used herein, “?ber” refers to a ?exible, macroscopically 
homogeneous body having a high length-to-Width ratio and 
a small cross section. 

[0059] Acoating comprising PHA improves the Water and 
grease resistance substrates, and provides the substrate With 
a smoother surface. The coating may be applied to one or 
tWo sides of a substrate such as paper or fabric. 

[0060] Coated paper may be used as backing for tape; 
preferably the tape comprises paper, a coating comprising 
PHA and an adhesive, preferably an adhesive comprising 
PHA. 

[0061] Fabric and paper coated with FHA can be used to 
form items With improved Water and grease resistance, such 
as Wrapping paper, paper bags, plastic bags, cardboard 
containers, drink boxes, trays, table clothes, napkins, rain 
coats and ponchos, and disposable garments such as surgical 
scrubs. Thread and yarn coated with FHA have a smoother 
surface than untreated thread or yarn, and are less likely to 
tangle. Disposable garment seams may be seWn With thread, 
preferably a PHA-coated thread, or may be joined With an 
adhesive, preferably a biodegradable adhesive comprising a 
PHA. 

[0062] As used herein, “RRMU” refers to a randomly 
repeating monomer unit and “RRMUs” refers to randomly 
repeating monomer units. As used herein, “alkyl” refers to a 
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saturated carbon-containing chain Which may be straight or 
branched, and substituted (mono- or poly-) or unsubstituted, 
While, “alkenyl” refers to a carbon-containing chain Which 
may be mono-unsaturated (i.e., one double bond in the 
chain) or poly-unsaturated (i.e., tWo or mor double bonds in 
the chain), straight or branched, and substituted (mono- or 
poly-) or unsubstituted. 

[0063] As used herein, “biodegradable” refers to the abil 
ity of a compound to ultimately be degraded completely into 
CH4, CO2 and Water or biomass by microorganisms and/or 
natural environmental factors. 

[0064] As used herein, “compostable” refers to a material 
that meets the folloWing three requirements: (1) the material 
is capable of being processed in a composting facility for 
solid Waste; (2) if so processed, the material Will end up in 
the ?nal compost; and (3) if the compost is used in the soil, 
the material Will ultimately biodegrade in the soil. 

[0065] For example, a polymer ?lm material present in 
solid Waste submitted to a composting facility for processing 
does not necessarily end up in the ?nal compost. Certain 
composting facilities subject the solid Waste stream to air 
classi?cation prior to further processing, in order to separate 
paper and other materials. A polymer ?lm Would most 
probably be separated from the solid Waste stream in such an 
air classi?cation and therefore not be processed in the 
composting facility. Nevertheless, it may still be a “com 
postable” material according to the above de?nition because 
it is “capable” of being processed in a composting facility. 
[0066] The requirement that the material ends up in the 
?nal compost typically means that it undergoes a form of 
degradation in the composting process. Typically, the solid 
Waste stream Will be subjected to a shredding step in an early 
phase of the composting process. As a result, the polymer 
?lm Will be present as shreds rather than a sheet. In the ?nal 
phase of the composting process, the ?nished compost Will 
be subjected to a screening step. Typically, the polymer 
shreds Will not pass through the screens if they have retained 
the siZe they had immediately after the shredding step. The 
compostable materials of the present invention Will have lost 
enough of their integrity during the composting process to 
alloW partially degraded shreds to pass through the screens. 
HoWever, it is conceivable that a composting facility might 
subject the solid Waste stream to a very rigorous shredding 
and a rather coarse screening, in Which case nondegradable 

polymers like polyethylene Would meet requirement Therefore, meeting requirement (2) is not enough for a 

material to be compostable Within the present de?nition. 

[0067] What distinguishes the compostable material as 
de?ned herein from material like polyethylene is require 
ment (3), that the material ultimately biodegrade in the soil. 
This biodegradability requirement is not essential to the 
composting process or the use of composting soil. Solid 
Waste and the compost resulting therefrom may contain all 
kinds of nonbiodegradable materials, for example, sand. 
HoWever, to avoid a build up of man-made materials in the 
soil, it is required herein that such materials be fully biode 
gradable. By the same token, it is not at all necessary that 
this biodegradation be fast. As long as the material itself and 
intermediate decomposition products are not toxic or other 
Wise harmful to the soil or crops, it is fully acceptable that 
their biodegradation takes several months or even years, 
since this requirement is present only to avoid an accumu 
lation of man-made material in the soil. 
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[0068] All copolymer composition ratios recited herein 
refer to molar ratios, unless speci?cally indicated otherWise. 
All percentages and parts are by Weight, unless speci?cally 
indicated otherWise. 

[0069] The polyhydroxyalkanoates used in the present 
invention made be synthetically prepared, or may be pro 
duced by a variety of biological organisms, such as bacteria 
or algae. The polyhydroxyalkanoates may be atactic, iso 
tactic or syndiotactic. The polyhydroxyalkanoates used 
herein are preferably substantially isotactic (from about 90% 
to about 100%, by Weight, isotactic) or fully isotactic (about 
100%, by Weight, isotactic). The fully isotactic polyhy 
droxyalkanoates may be obtained from biological organ 
isms, preferably polyhydroxyalkanoates used herein are 
obtained from biological organisms. 

[0070] The polyhydroxyalkanoates are copolymers com 
prising at least about 2 different monomers. In some embodi 
ment, the polyhydroxyalkanoates are copolymers compris 
ing at least about 3 different monomers. 

[0071] In one embodiment, the polyhydroxyalkanoate 
comprises at least tWo randomly repeating monomer units 
(RRMUs). The ?rst randomly repeating monomer unit has 
the structure: 

R1 o 

[0072] Wherein 

[0073] R1 is H or a CL2 alkyl, and n is 1 or 2. In a 
preferred embodiment, the ?rst randomly repeating 
monomer unit is selected from the group consisting 
of the monomer Wherein R1 is a C1 alkyl and n is 1 
(the monomeric repeat unit 3-hydroxybutyrate); the 
monomer Wherein R1 is a C2 alkyl and n is 1 (the 
monomeric repeat unit 3-hydroxyvalerate); the 
monomer Wherein R1 is H and n is 2 (the monomeric 
repeat unit 4-hydroxybutyrate); the monomer 
Wherein R1 is H and n is 1 (the monomeric repeat 
unit 3-hydroxypropionate); and mixtures thereof. 

[0074] The second randomly repeating monomer unit has 
the structure: 

[0075] 
[0076] R2 is a C3_19 alkyl or a C3_19 alkenyl. Suitable 

second RRMUs include those Wherein R2 is a C3_7 
alkyl or alkenyl, a C5 alkyl or alkenyl, a C7 alkyl or 
alkenyl, a C8_11 alkyl or alkenyl, a C8 alkyl or 
alkenyl, a C9 alkyl or alkenyl, a C12_19 alkyl or 
alkenyl, a C3_11 alkyl or alkenyl, or a C4_19 alkyl or 
alkenyl. 

Wherein 

[0077] Suitable polyhydroxyalkanoates include poly(3 
hydroxybutyrate-co-3-hydroxyhexanoate)s (PHB-Hxs) and 
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poly(3-hydroxybutyrate-co-3-hydroxyoctanoate)s (PHB— 
Os). In one embodiment, the coating comprises a polyhy 
droxyalkanoates selected from the group consisting of 
poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) 12.1% 
hexanoate (PHB-Hx 12.1%), poly(hydroxybutrate-co-hy 
droxyhexanoate) 11.1 mol % hexanoate (PHB-Hx 11%), 
poly(3-hydroxybutyrate-co-3-hydroxyoctanoate) 8.4% 
octanoate (PHB—O 8.4%), poly(3-hydroxy butyrate-co-3 
hydroxyoctanoate) 13% octanoate (PHB—O 13%). 

[0078] In one embodiment of the present invention, at 
least about 50%, preferably at least about 60%, more pref 
erably at least about 70%, even more preferably at least 
about 80%, more preferably still at least about 85%, of the 
RRMUs have the structure of the ?rst RRMU. 

[0079] When one or more of the polyhydroxyalkanoates of 
the present invention are processed into ?lms or sheets 
preferably from about 70% to about 99%, more preferably 
from about 80% to about 95%, even more preferably from 
about 85% to about 92%, of the RRMUs of the PHA have 
the structure of the ?rst RRMU. 

[0080] In one embodiment the ?lms or sheets are solution 
cast ?lms or sheets. Generally from about 70% to about 
99%, preferably from about 80% to about 95%, more 
preferably from about 85% to about 92%, of the RRMUs of 
the PHAs used to prepare solution cast ?lms or sheets have 
the structure of the ?rst RRMU. 

[0081] In one embodiment the ?lms or sheets are melt 
pressed ?lms or sheets. Generally from about 70% to about 
99%, preferably from about 80% to about 95%, more 
preferably from about 85% to about 92%, of the RRMUs of 
the PHAs used to prepare melt pressed ?lms or sheets have 
the structure of the ?rst RRMU. 

[0082] When one or more of the polyhydroxyalkanoates of 
the present invention are processed into coating composi 
tions, generally from about 75% to about 95%, preferably 
from about 80% to about 92%, more preferably from about 
85% to about 90%, of the RRMUs of the PHAs have the 
structure of the ?rst RRMU. 

[0083] In one embodiment, the coating composition is in 
the form of a solution comprising PHA. The solution further 
comprises a solvent in Which the PHA is soluble, such as 
CHCl3, ethylactelate, acetone, toluene and mixture thereof. 
Generally from about 75% to about 95%, preferably from 
about 80% to about 92%, more preferably from about 85% 
to about 90%, of the RRMUs of the PHAs used to form the 
solution have the structure of the ?rst RRMU. 

[0084] In one embodiment, the coating composition is in 
the form of a dispersion comprising PHA. The solution 
further comprises a solvent in Which the PHA forms a 
suspension, such as hexane, ethanol, methanol, mineral oil 
and Water. Generally from about 75% to about 95%, pref 
erably from about 80% to about 92%, more preferably from 
about 85% to about 90%, of the RRMUs of the PHAs used 
to form the suspension have the structure of the ?rst RRMU. 

[0085] In one embodiment, the coating composition is in 
the form of an aqueous slurry comprising PHA. Generally 
from about 80% to about 95%, preferably from about 82% 
to about 92%, more preferably from about 85% to about 
90%, of the RRMUs of the PHAs used to form the slurry 
have the structure of the ?rst RRMU. 
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[0086] When the polyhydroXyalkanoates of the present 
invention are processed soft elastic ?bers, preferably from 
about 50% to about 98%, more preferably from about 80% 
to about 97%, even more preferably from about 85% to 
about 96%, of the RRMUs of the PHAs have the structure 
of the ?rst RRMU. 

[0087] When the polyhydroXyalkanoates of the present 
invention are processed into normal ?bers, preferably from 
about 80% to about 99%, more preferably from about 90% 
to about 98%, even more preferably from about 95% to 
about 97%, of the RRMUs of the PHAs have the structure 
of the ?rst RRMU. 

[0088] When the polyhydroXyalkanoates of the present 
invention are processed into elastomers or an adhesives, 
such as bandage adhesives, preferably about 50% more 
preferably at least 65% of the RRMUs of the PHAs have the 
structure of the ?rst RRMU. 

[0089] When the polyhydroXyalkanoates of the present 
invention are processed into nonWoven fabrics, preferably 
from about 85% to about 99%, more preferably from about 
90% to about 98%, even more preferably from about 95% to 
about 97%, of the RRMUs of the PHAs have the structure 
of the ?rst RRMU. 

[0090] In a preferred embodiment, the ?rst randomly 
repeating monomer unit is selected from the group consist 
ing of the monomer Wherein R1 is a C1 alkyl and n is 1 (the 
monomeric repeat unit 3-hydroXybutyrate); the monomer 
Wherein R1 is a C2 alkyl and n is 1 (the monomeric repeat 
unit 3-hydroXyvalerate); the monomer Wherein R1 is H and 
n is 2 (the monomeric repeat unit 4-hydroXybutyrate); the 
monomer Wherein R1 is H and n is 1 (the monomeric repeat 
unit 3-hydroXypropionate); and miXtures thereof. 

[0091] In another embodiment, the polyhydroXyalkanoate 
of the present invention comprises a third or more additional 
RRMUs having the structure: 

[0092] Wherein 

[0093] R3 is H, a C1_19 alkyl or a CL19 alkenyl, and 
m is 1 or 2; and Wherein the additional RRMUs are 
not the same as the ?rst RRMU or the second 
RRMU. In one embodiment the copolymer com 
prises from at least about 3, more preferably from 
about 3 to about 20 different RRMUs. 

[0094] In one embodiment, R3 is a CL19 alkyl or a C1_19 
alkenyl, and m is 1, While in another embodiment R3 is a H, 
a CL2 alkyl or a CL2 alkenyl, and m is 1 or 2. In a preferred 
embodiment, the third RRMU is selected from the group 
consisting of the monomer Wherein R3 is a C1 alkyl and m 
is 1 (the monomeric repeat unit 3-hydroXybutyrate); the 
monomer Wherein R3 is a C2 alkyl and m is 1 (the mono 
meric repeat unit 3-hydroXyvalerate); the monomer Wherein 
R3 is H and m is 2, (the monomeric repeat unit 4-hydroXy 
butyrate); the monomer Wherein R3 is H and m is 1, (the 
monomeric repeat unit 3-hydroXypropionate) and miXtures 
thereof. 
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[0095] In another embodiment a polyhydroXyalkanoate 
according to the present invention comprises tWo RRMUs 
Wherein the ?rst RRMU has the structure: 

R1 o 

[0096] Wherein 

[0097] R1 is H or a C2 alkyl, and n is 1 or 2; and the 
second RRMU has the structure: 

[0098] Preferably at least about 50% of the RRMUs have 
the structure of the ?rst RRMU. 

[0099] The one embodiment a polyhydroXyalkanoate 
according to the present invention comprises three RRMUs, 
a ?rst RRMU having the structure: 

R1 o 

[0100] Wherein 

[0101] R1 is H or a C1_2 alkyl, and n is 1 or 2; a second 
RRMU having the structure: 

R2 0 

|| 

[0102] 
[0103] R2 is a C3_19 alkyl or a C3_19 alkenyl, prefer 

ably a C4_19 alkyl or a C4_19 alkenyl; and a third 
RRMU having the structure: 

Wherein 

R3 

[0104] Wherein 

[0105] R3 is H, a C1_19 alkyl or a CL19 alkenyl, and 
m is 1 or 2; and Wherein the third RRMU is not the 
same as the ?rst RRMU or the second RRMU. 
Preferably at least 50% of the RRMUs have the 
structure of the ?rst RRMU. 

[0106] Preferably, the molecular Weight of the polyhy 
droXyalkanoates is greater than about 25,000. In one 
embodiment the Weight average molecular Weight is no 
greater than about 400,000. In another embodiment the 
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Weight average molecular Weight is greater than about 
400,000, preferably greater than 500,000. 
[0107] The volume percent crystalinity ((D0) of a semi 
crystalline polymer (or copolymer) often determines What 
type of end-use properties the polymer possesses. For 
example, highly (greater than 50%) crystalline polyethylene 
polymers are strong and stiff, and suitable for products such 
as plastic cups. LoW crystalline polyethylene, on the other 
hand, is ?exible and tough, and is suitable for products such 
as bags. Crystalinity can be determined in a number of Ways, 
including X-ray diffraction, differential scanning calorimetry 
(DSC), density measurements, and infrared absorption, as 
discussed by Noda, U.S. Pat. No. 5,618,855, incorporated 
herein by reference. 

[0108] In general, PHAs of the present invention prefer 
ably have a crystalinity of from about 0.5% to about 95% as 
measured via X-ray diffraction; more preferably from about 
10% to about 80%; more preferably still from about 20% to 
about 60%. 

[0109] When a PHA of the present invention is to be 
processed into a ?lm, the amount of crystalinity in such PHA 
is more preferably from about 2% to about 65% as measured 
via X-ray diffraction; more preferably from about 5% to 
about 50%; more preferably still from about 20% to about 
40%. 

[0110] When a PHA of the present invention is to be 
processed into a sheet, the amount of crystalinity in such 
PHA is more preferably from about 0.1% to about 50% as 
measured via X-ray diffraction; more preferably from about 
5% to about 50%; more preferably still from about 20% to 
about 40%. 

[0111] When a PHA of the present invention is to be 
processed into a coating composition in the form of a 
solution, the amount of crystalinity in such PHA is more 
preferably from about 15% to about 60% as measured via 
X-ray diffraction; more preferably from about 20% to about 
50%; more preferably still from about 30% to about 40%. 

[0112] When a PHA of the present invention is to be 
processed into a coating composition in the form of a 
suspension, the amount of crystalinity in such PHA is more 
preferably from about 15% to about 60% as measured via 
X-ray diffraction; more preferably from about 20% to about 
50%; more preferably still from about 30% to about 40%. 

[0113] When a PHA of the present invention is to be 
processed into a coating composition in the form of a slurry, 
the amount of crystalinity in such PHA is more preferably 
from about 15% to about 60% as measured via X-ray 
diffraction; more preferably from about 20% to about 50%; 
more preferably still from about 30% to about 40%. 

[0114] When a PHA of the present invention is to be 
processed into a normal ?ber or a nonWoven fabric, the 
amount of crystalinity in such PHA is more preferably from 
about 50% to about 95% as measured via X-ray diffraction; 
more preferably from about 60% to about 95%; more 
preferably still from about 70% to about 95%. 

[0115] When a PHA of the present invention is to be 
processed into a soft elastic ?ber, the amount of crystalinity 
in such PHA is more preferably from about 20% to about 
90% as measured via X-ray diffraction; more preferably from 
about 30% to about 85%; more preferably still from about 
40% to about 80%. 
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[0116] When a PHA of the present invention is to be 
processed into an elastomer or adhesive, the amount of 
crystalinity in such PHA is more preferably less than about 
50% as measured via X-ray diffraction; more preferably less 
than about 30%; more preferably still less than about 20%. 

[0117] Preferably, the biodegradable PHAs of the present 
invention have a melt temperature (Tm) of from about 30° 
C. to about 160° C., more preferably from about 60° C. to 
about 140° C., more preferably still from about 90° C. to 
about 130° C. 

[0118] Suitable polyhydroXyalkanoates include those dis 
closed in Noda, US. Pat. Nos. 5,498,692; 5,502,116; 5,536, 
564; 5,602,227; 5,618,855; 5,685,756; and 5,747,584, incor 
porated herein by reference. 

[0119] The coatings may serve as barriers, decorative 
coatings, or for other purposes. Coating may be used to 
apply adhesive for laminating one Web to another or for 
manufacturing of pressure-sensitive tapes and labels. It also 
may be used for saturation of a porous Web substrate, such 
as paper, in order to improve its resistance to moisture or 
grease penetration, or to improve its strength. 

[0120] The thickness of a coating is generally measured in 
“mils”. One mil is equal to 0.001 inch. The substrates 
generally have a coating up to 5, preferably from about 4 to 
about 0.5, more preferably from about 2 to about 1, mils 
thick. Paper substrates generally have a coating With a 
thickness of from about 5 to about 0.5 , preferably from about 
2 to e.g., about 1, mils, While fabric substrates generally 
have a coating With a thickness of from about 5 to about 1, 
preferably from about 3 to about 2, mils. Thread and yarn 
substrates generally have a thinner coating than paper or 
fabric substrates, such as a thickness of from about 2 to 
about 0.2, preferably from about 1 to about 0.5, mils. 

[0121] The coatings may comprise additives such as colo 
rants. Preferably, such colorants are nonfugitive. As used 
herein, “nonfugitive” refers to an additive that does not 
escape from the polyhydroXyalkanoate copolymer at a faster 
rate than Which the copolymer biodegrades. The coatings 
herein may be formed from a composition comprising the 
biodegradable polyalkanoate copolymer and colorant. Alter 
natively, colors and designs may be printed on the items 
after manufacture. Preferably the colorants are non-toxic. 
Some items, such as garbage bags, may have coatings 
comprising deodorants, fragrances or disinfectants. 

[0122] Many plastic items comprise plasticiZers such as 
phthalate plasticiZers or adipic acid derivatives such as di-2 
ethyl heXyl adipate. Phthalate plasticiZers refer to com 
pounds comprising a phthalate group used as plasticiZers. 
Such plasticiZers include bis-2-ethylheXyl phthalate, also 
referred to as dioctyl phthalate (DOP) and di-2-ethylheXyl 
phthalate (DEHP), and diusononyl phthalate (DINP). Other 
phthalate plasticiZers include butyl benZyl phthalate, butyl 
octyl phthalate, di-n-butyl phthalate, dicapryl phthalate, 
dicycloheXyl phthalate, diethyl phthalate, diheXyl phthalate, 
diisobutyl phthalate, diisodecyl phthalate, diisohectyl phtha 
late, diisooctyl phthalate, dimethyl phthalate, ditridecyl 
phthalate, diundecyl phthalate, undecyl dodecyl phthalate 
and miXtures thereof. 

[0123] HoWever, there is concern that plasticiZers, particu 
larly phthalate plasticiZers may leach from plastic items. 
Thus, in one embodiment the coatings and coated substrates 
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are preferably substantially free of, more preferably free of, 
plasticizers, particularly phthalate plasticizers. As used 
herein, substantially free of means preferably no greater than 
20%, more preferably no greater than 10%, even more 
preferably less than 5%, by Weight, of the item is plasticiZ 
ers. 

[0124] In another embodiment, the coatings and coated 
substrates may contain plasticiZers, preferably non-toxic and 
biodegradable plasticiZers. Suitable plasticiZers include tri 
carboxylic esters, citrate esters, esters of glycerine and 
dicarboxylic esters. A preferred plasticiZer is triacetin, also 
called glyceryl triactetate or 1,2,3-propanetriol triacetate. 
Generally, coatings containing plasticiZers comprises from 
about 40% to about 3%, preferably from about 20% to about 
5%, by Weight of total coating, plasticiZer, and from about 
59% to about 96%, preferably from about 79% to about 
94%, by Weight of total coating, PHA. In one embodiment 
the coating comprises a polyhydroxyalkanoate in accor 
dance With the invention, triacetin, and polyhydroxybutyrate 
(PHB), in a Weight ratio of from about 50% to 95% FHA, 
45% to 4% triaretin, 5% to 1% PHB, more preferred 70-92% 
FHA, 26 to 7% plasticiZer, 4% to 1% PHB. Most preferred 
about 85:13:2 PHAzplastizerzPHB. Suitable polyhydroxyal 
kanoates include poly(3-hydroxybutyrate-co-3-hydroxyhex 
anoate) (PHB-Hx) and poly(3-hydroxybutyrate-co-3-hy 
droxyoctanoate) (PHB—O). 

[0125] In one embodiment of the invention, coated sub 
strates comprise a coating comprising a biodegradable poly 
hydroxyalkanoate comprising at least tWo randomly repeat 
ing monomer units. In one embodiment the PHA comprises 
a ?rst randomly repeating monomer unit having the struc 
ture: 

[0126] Wherein 

[0127] R1 is H or a C1_2 alkyl, and n is 1 or 2; and a 
second randomly repeating monomer unit having the 
structure: 

(ii) 
R2 0 

|| 

[0128] Wherein 

[0129] R2 is a C3_19 alkyl or a C3_19 alkenyl, prefer 
ably a C4_19 alkyl or a C4_19 alkenyl. 

[0130] In another embodiment the polyhydroxyalkanoate 
comprises a third randomly repeating monomer unit having 
the structure: 
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(iii) 
R3 o 

[0131] Wherein 

[0132] R3 is H, a CM9 alkyl or a CM9 alkenyl, and 
m is 1 or 2, and the third RRMU is not the same as 
the ?rst RRMU or the second RRMU. Polyhydroxy 
alkanoate copolymers comprising three RRMUs Will 
generally comprise, by Weight, at least about 50% of 
the ?rst RRMU, and generally no greater than about 
20% of the third RRMU. The composition may 
comprise at least about 4%, more preferably at least 
about 5%, and even more preferably at least about 
8%, and no more than about 15%, preferably no 
more than about 12%, more preferably no more than 
about 10%, by Weight, of the third RRMU. The 
preferred levels of monomers is dependent upon the 
desired characteristic of the article, for example, 
When using a rigid substrate, such as paper, a thicker 
or stiffer coating may be desired than When using a 
?exible substrate, such as fabric. 

[0133] The PHAs used as coatings preferably comprise a 
?rst RRMU having formula above, and a second RRMU 
having formula (ii) above. Preferably the Weight average of 
molecular Weight of the copolymer is greater than 50,000, 
preferably greater than about 100,000. In one embodiment 
the PHAs used as coatings comprise from about 4% to about 
20%, preferably at least about 5%, by Weight of total PHA, 
of the third RRMU having the formula (iii) above. 

[0134] Coated articles may be formed using any conven 
tional coating techniques or coating equipment. Coating 
techniques include extrusion coating, roller coating, brush 
coating, dip coating, spray coating, electrostatic coating, 
centrifugal coating and cast coating. Articles may be coated 
With melted PHA, and then exposed to a coolant, such as 
Water, by any acceptable method, such as dipping or spray 
ing. Substrates may be laminated With a sheet or ?lm 
comprising PHA, such as a solution cast ?lm or a melt 
pressed ?lm. Slurries, suspensions or solutions comprising 
PHA may be applied to a substrate, and the substrate then 
alloWed to dry and, optionally, pressed. 

[0135] Coatings applied in a non-solid form must be 
suf?ciently ?uid to be spread into a uniformly thin layer 
across the substrate. Therefore, coatings are applied as 
solutions in organic solvents, as aqueous solutions or emul 
sions, as a hot melt (solid molten or softened by heat), or as 
a reactive liquid that solidi?es by a polymeriZation reaction 
induced either thermally or by radiation. Extrusion coating, 
is similar to hot-melt coating. 

[0136] In extrusion coating, a ?lm of molten polymer is 
deposited betWeen tWo moving Webs in a nip created by a 
rubber pressure roll and a chrome-plated steel chill roll. In 
this continuous operation, rolls of material are unWound, 
neW rolls are automatically spliced on the ?y, and the surface 
of the substrate is prepared by chemical priming or other 
surface treatment to make it receptive to the extrusion 
coating, and to help develop adhesion betWeen the tWo 
materials. 
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[0137] Coatings may be applied directly to the substrate, 
or may be cast to another surface, dried, and later transferred 
to the substrate. This transfer coating process is used for 
manufacturing of, for example, pressure-sensitive label 
stock: the adhesive is ?rst applied to a silicone-coated 
release liner, dried, and then laminated to the label face 
stock. Coatings may be applied to the Web material Wound 
in rolls, or to precut sheets. Items such as disposable plates 
and trays may be formed by pressing coated paperboard 
blanks betWeen forming dies, as disclosed in Shanton, US. 
Pat. No. 5,776,619, incorporated herein by reference. 

[0138] In one embodiment, ?lms or sheets comprising a 
PHA are used to laminate a substrate, such as paper. As used 
herein, “?lm” means an extremely thin continuous piece of 
a substance having a high length to thickness ratio and a high 
Width to thickness ratio. While there is no requirement for a 
precise upper limit of thickness, a preferred upper limit is 
about 0.254 mm, more preferably about 0.10 mm, and even 
more preferably about 0.05 mm. As used herein, “sheet” 
means a very thin continuous piece of a substance, having a 
high length to thickness ratio and a high Width to thickness 
ratio, Wherein the material is thicker than about 0.254 mm. 
Sheeting shares many of the same characteristics as ?lm in 
terms of properties and manufacture, With the exception that 
sheeting is stiffer, and has a self-supporting nature. 

[0139] Articles comprising PHAs, such as sheets and 
?lms, may be made by any art-recogniZed process, such as 
those disclosed in Noda, US. Pat. Nos. 5,618,885 and 
5,602,227, incorporated herein by reference. For example, 
?lms may be processed using conventional procedures for 
producing single or multilayer ?lms on conventional ?lm 
making equipment. Sheets may be thermoformed. As used 
here, “thermoforming” refers to a process by Which planks 
or sheets of the polyhydroxyalkanote are heated until ?ex 
ible and then stamped or vacuum pulled into the proper 
shape. Generally a sheet is fed through an oven and heated 
to bring it to a thermoformable temperature. The sheet is 
heated to a softening point and then advanced to a forming 
station. Alternatively, a sheet may move directly from an 
extruder to a forming station by means of a series of rolls, 
Which can either be heated or cooled to bring the sheet to the 
proper thermoforming temperature. The forming station 
comprises molds or stamps of the desired shapes. 

[0140] Several preferred embodiments are illustrated in 
the folloWing non-limiting examples. 

EXAMPLE 1 

Printed Paper Coated With a Laminated Layer of 
poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) 

polymer 

[0141] A ?lm of poly(3-hydroxybutyrate-co-3-hydroxy 
hexanoate) 12.1% hexanoate (PHB-Hx 12.1%) is prepared 
from extrusion from the melt. The neat PHB-Hx poWder is 
run through a Haake single screW extruder ?tted With a 
strand die at 130° C. The strand is run through a Water bath 
at a temperature of 60 C. The strand is run through Berlyn 
pelletiZer to create pellets. The pellets are fed into a hopper 
of the Haake single screW extruder With a 6 inch ?at die. The 
screW barrel and die temperatures are set at 150 C. The ?lm 
is taken up With Haake cast ?lm haul off unit, With release 
paper separating the PHA ?lm layers in the roll to prevent 
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blocking. The ?lm has a nominal thickness of 2 mil. The ?lm 
is cut into sheets that are approximately 10 inches long and 
4 inches Wide. The ?lm sheet is placed on top of common 
copier paper (Georgia Paci?c Spectrum DP White), so placed 
to cover one half of the paper sheet surface. The sheet 
assembly is placed betWeen release paper (Idesco) and fed 
into an 8“ laminator (Idesco model 7000) operating at 85 C. 
The sheet is alloWed to cool. The resulting coated paper is 
then fed into a Xerox 5750 laser printer by placing it the 
normal paper tray. A test image is printed on the paper. The 
resulting image is clear and the toner is fused securely to the 
coated side. The coated surface is glossier than the uncoated 
surface, and the image appears sharper to the eye than the 
uncoated part of the paper. 

EXAMPLE 2 

Wrapping Paper Coated With a Laminated Layer of 
poly(3-hydroxybutyrate-co-3-hydroxyhexanoate)/ 

PlasticiZer Blend 

[0142] A ?lm of a blend of poly(3-hydroxybutyrate-co-3 
hydroxyhexanoate) 12.1% hexanoate, (PHB-Hx 12.1%)/ 
Triacetin/polyhydroxybutyrate (PHB) in proportion of 
85/ 12/3 is prepared from extrusion from the melt. The neat 
PHB-Hx poWer, PHB poWder, and triacetin is run through a 
Haake tWin screW extruder ?tted With a strand die at 150 C. 
The strand is run through a Water bath at a temperature of 40 
C. The strands run through a Berlyn pelletiZer to create 
pellets. The pellets are fed into a hopper of a Haake single 
screW extruder With 6 inch ?at die. The screW barrel and die 
temperatures are set 130 C. The ?lm is taken up With Haake 
cast ?lm haul-off unit, With release paper separating the PHA 
?lm layers to prevent blocking. The ?lm has a nominal 
thickness of 2-4 mil. The ?lm is cut into sheets that are 
approximately 10 inches long and 4 inches Wide. The ?lm 
sheet is placed on top of common copier paper (Georgia 
Paci?c Spectrum DP White), so placed to cover one half of 
the paper sheet surface. The sheets assembly is placed 
betWeen release paper (Idesco) and is fed into an eight inch 
laminator (Idesco model 7000) operating at 85 C. The sheet 
is alloWed to cool. The paper is then fed into a Xerox 5750 
laser printer, placed in the normal paper tray. A test pattern 
is printed on the paper. The resulting image is clear and the 
toner is fused securely to the coated side of the paper. The 
coated surface is glossier than the uncoated surface and the 
pattern appears sharper to the eye than the uncoated part of 
the paper. 

EXAMPLE 3 

Wrapping Paper Coated With a 
poly(hydroxybutrate-co-hydroxyhexanoate) polymer 

via a Liquid Suspension 

[0143] An emulsion of PHA is prepared in the folloWing 
manner. 5 g of poly(hydroxybutrate-co-hydroxyhexanoate) 
11.1 mol % hexanoate (PHB-Hx 11%) is dissolved in 45 g 
acetone at 50 C. until the solution is completely clear. The 
solution is precipitated by sloW addition of excess methanol 
(ca. 5x) and forms a precipitate. The dry precipitate is then 
ground With a Wiley mill grinder until a ?ne (ca. 30 mesh) 
poWder is obtained. The poWder is resuspended in 45 g of 
hexane. The suspension is stirred With a magnetic stirrer. 

[0144] A frame is placed on the paper to be coated 
(Georgia Paci?c Spectrum DP White). The frame is about 12 
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cm Wide by 20 cm inches tall by 0.5 mm in height and serves 
to allow a particular amount of suspension to be placed on 
the paper. Approximately 120 ml of the mixture is poured in 
the frame and excess emulsion is removed by running a steel 
bar over the top of the frame. The sheet is alloWed to dry in 
a hood. The paper is then placed in a Carver press betWeen 
sheets of release paper and pressed at 80 C. at 5000 lb. for 
60 seconds. The paper is removed and alloWed to cool. The 
paper is then fed into a Xerox 5750 laser printer. A test 
pattern is printed on the paper. The resulting pattern is sharp 
and clear. the toner is fused securely to the coated side. The 
coated surface is glossy and the image appears sharper to the 
eye than the uncoated part of the paper. 

EXAMPLE 4 

Melt-Coated Paper With 
Poly(3-hydroxybutyrate-co-3-hydroxyoctanoate) 

(PHB—O) 
[0145] Films of poly(3-hydroxybutyrate-co-3-hydroxyoc 
tanoate) (PHB—O) are made in the folloWing manner. 
About 2.5 grams of Poly(3-hydroxybutyrate-co-3-hydroxy 
octanoate) (8.4%) octanoate content are placed betWeen tWo 
0.25 mm thick Te?on sheets into a brass shim of thickness 
4 mil. The Te?on, shim and polymer are placed betWeen 
steel plates and heat pressed in a Carver press (Menomonee 
Falls, Wis.) at 145 C. at 5000 lb. force for not longer than 3 
minutes. The polymer and Te?on sheets are then removed 
and placed betWeen 2 kg steel plates for at least 20 minutes 
to quickly crystalliZe ?lm at the ambient temperature (25° 
C.). In this Way, 12 cm square ?lms of PHB—O of thickness 
4 mil can be made. Coated papers are made by placing the 
?lm sheet on top of common copier paper (Georgia Paci?c 
Spectrum DP White). The ?lm and paper is placed betWeen 
release paper (Idesco) and fed into an 8“ laminator (Idesco 
model 7000) operating at 85 C. The sheet is alloWed to cool. 
The resulting coated paper is then fed into a Xerox 5750 
laser printer by placing it the normal paper tray. Atest image 
is printed on the paper. The resulting image is clear and the 
toner is fused securely to the coated area. 

EXAMPLE 5 

Coating of 
Poly(3-hydroxybutyrate-co-3-hydroxyoctanoate) on 

Paper 

[0146] In order to make a coating, 0.3 g of Poly(3 
hydroxybutyrate-co-3-hydroxyoctanoate) 8.4% octanoate 
(PHB—O 8.4) is dissolved in 9 ml of CHCl3 at 50 C. until 
the solution is clear. A Te?on sheet placed over a 5 kg 
aluminum plate. The sample of paper to be coated is placed 
over Te?on sheet and a 8 cm diameter glass cylinder is 
placed on the paper. The paper in this case is Georgia Paci?c 
Spectrum DP White. The solution is then poured into the 
glass cylinder and alloWed to evaporate sloWly at room 
temperature for 12 hours. After tWelve hours the glass 
cylinder is removed, the paper coating is smoothed by 
pressing in a Carver Press for 1400 C. at 2000 lb. for 30 sec. 

[0147] The coating is impervious to Water and can be 
printed on With a laser printer such as a HeWlett Packard 
laser jet 5C. 
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EXAMPLE 6 

Coating of Paper from a Slurry of 
poly(hydroxybutrate-co-hydroxyhexanoate) 

[0148] A slurry of poly(hydroxybutrate-co-hydroxyhex 
anoate) (PHB-Hx) Was prepared by adding approximately 
20 g PHB-Hx (11.1% in poWder form With 100 g of ice in 
a Waring blender. The mixture Was stirred for 20 minutes in 
a Waring blender at its maximum rpm. The resultant pul 
veriZed poWder of PHA is mixed into Water in at about 25% 
Weight PHA, and the slurry is deposited on a sheet of paper 
(George paci?c DP White). A small frame of 1 inch Wide by 
4 inches long by 1A1 inch deep is placed on the paper and the 
slurry is poured into the frame. After the slurry is dried, the: 
poWder PHA coating on the paper is ?xed by placing the 
sheet of paper betWeen release paper sheets and inserting the 
assembly into a laminator (Idesco) operating at 85° C. The 
coated segment of paper can be printed on by placing the 
sheets in a Xerox 5750 laser printer and printing a test 
pattern on the coated part. The toner is fused securely to the 
coating. The coating also resists penetration to grease and 
Water. If a small amount (10 ml) of Water or canola oil is 
placed on the coated side of the paper, the paper does not 
discolor from the Water or oil. 

EXAMPLE 7 

Printed Paper Coated With a Laminated Layer of 
poly(3-hydroxy butyrate-co-3-hydroxyoctanoate) 

PHB—O polymer 

[0149] A ?lm of poly(3-hydroxy butyrate-co-3-hydroxy 
octanoate) 13% octanoate, (PHB—O 13%) is prepared from 
extrusion from the melt. The neat PHB—O poWder is run 
through a Haake single screW extruder ?tted With a strand 
die at 130° C. The strand is run through a Water bath at a 
temperature of 60° C. The strand is run through Berlyn 
pelletiZer to create pellets. The pellets are fed into a hopper 
of the Haake single screW extruder With a 6 inch ?at die. The 
screW barrel and die temperatures are set at 145° C. The ?lm 
is taken up With Haake cast ?lm haul off unit, With release 
paper separating the PHA ?lm layers in the roll to prevent 
blocking. The ?lm has a nominal thickness of 1-2 mil. The 
?lm is cut into sheets that are approximately 10 inches long 
and 4 inches Wide. The ?lm sheet is placed on top of 
common copier paper (Georgia Paci?c Spectrum DP White), 
so placed to cover one half of the paper sheet surface. The 
sheets assembly is placed betWeen release paper (Idesco) 
and fed into an 8“ laminator (Idesco model 7000) operating 
at 85° C. The sheet is alloWed to cool. The resulting coated 
paper is then fed into a Xerox 5750 laser printer by placing 
it the normal paper tray. Atest image is printed on the paper. 
The resulting image is clear and the toner is fused securely 
to the coated side. The surface is glossier than the uncoated 
side and the image appears sharper to the eye than the 
uncoated part of the paper. 

EXAMPLE 8 

Printed Paper Coated With a Laminated Layer of 
poly(3-hydroxy butyrate-co-3-hydroxyoctanoate 
polymer Produced from Solution Cast Film 

[0150] A ?lm of poly(3-hydroxy butyrate-co-3-hydroxy 
octanoate (13% octanoate), PHB—O 13% is prepared from 
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casting from acetone. Approximately 5 g of the neat 
PHB—O powder is dissolved in 200 ml of acetone at 50° C. 
The solution is stirred for at least three hours until the 
solution is clear. The solution is then poured into circular 
shalloW Te?on dish approximately 5 inches in diameter. The 
dish is placed in a oven, an the solvent is alloWed to 
evaporate sloWly overnight (10-12 hours) to produce a 
transparent ?lm. The ?lm has a nominal thickness of 1-2 mil. 
The ?lm sheet is placed on top of common copier paper 
(Georgia Paci?c Spectrum DP White), so placed to cover one 
half of the paper sheet surface. The sheets assembly is placed 
betWeen release paper (Idesco) and fed into an 8“ laminator 
(Idesco model 7000) operating at 85° C. The sheet is 
alloWed to cool. The resulting coated paper is then fed into 
a Xerox 5750 laser printer by placing it the normal paper 
tray. Atest image is printed on the paper. The resulting image 
is clear and the toner is fused securely to the coated side. The 
surface is glossier than the uncoated side and the image 
appears sharper to the eye than the uncoated part of the 
paper. 

EXAMPLE 9 

Fabric Laminated With a Layer of poly(3-hydroxy 
butyrate-co-3-hydroxyoctanoate polymer Produced 

from Solution Cast Film 

[0151] A ?lm of 13% octanoate, (PHB—O 13%) is pre 
pared from casting from acetone. Approximately 5 g of the 
neat PHB—O poWder is dissolved in 200 ml of acetone at 
50° C. The solution is stirred for at least three hours until the 
solution is clear. The solution is then poured into circular 
shalloW Te?on dish approximately 5 inches in diameter. The 
dish is placed in a oven, an the solvent is alloWed to 
evaporate sloWly overnight (10-12 hours) to produce a 
transparent ?lm. The ?lm has a nominal thickness of 1-2 mil. 
The ?lm sheet is placed on top of a 5 inch square section of 
untreated cotton fabric. The assembly is placed betWeen 
release paper (Idesco) and placed into a Carver Press pre 
heated to 100 C. The fabric/PHA assembly is pressed for 20 
seconds at 1000 lbs. The resulting coated fabric is then 
removed from the press and alloWed to cool. The fabric is 
then subjected to the folloWing test to check for grease 
resistance and Water resistance. About 20 ml of canola oil is 
placed on the PHA coated side of the fabric and alloWed to 
remain for 1 hour. The fabric is free of oil stains that Would 
indicate penetration of the oil. About 20 ml of tap Water is 
placed on the PHA coated side of the fabric and alloWed to 
remain for 1 hour. The fabric is free of darkening that Would 
indicate penetration of the Water. 

EXAMPLE 10 

Fabric Laminated With a Layer of 
poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) 

polymer Produced from Melt Pressed Film 

[0152] A ?lm of poly(3-hydroxybutyrate-co-3-hydroxy 
hexanoate) 11.1% hexanoate (PHB-Hx-11.1%) is prepared 
by placing 5 g of poWder of the PHB-Hx betWeen tWo Te?on 
sheets then inserting this in a Carver press preheated to 140 
C. The PHB-Hx is pressed at approximately 7,000 lb. force 
for 2 minutes. The PHB-Hx is removed from the press and 
alloWed to cool. The PHB-Hx is noW in the form of a ?lm 
sheet of about 3 mil thickness. The ?lm sheet is placed on 
top of a 5 inch square section of untreated cotton fabric. The 

Jun. 19, 2003 

assembly is placed betWeen release paper (Idesco) and 
placed into a Carver Press preheated to 100° C. The fabric/ 
PHA assembly is pressed for 20 seconds at 1000 lbs. The 
resulting coated fabric is then removed from the press and 
alloWed to cool. The fabric is then subjected to the folloWing 
test to check for grease resistance and Water resistance. 
About 20 ml of canola oil is placed on the PHA coated side 
of the fabric and alloWed to remain for 1 hour. The fabric is 
free of oil stains that Would indicate penetration of the oil. 
About 20 ml of tap Water is placed on the PHA coated side 
of the fabric and alloWed to remain for 1 hour. The fabric is 
free of darkening that Would indicate penetration of the 
Water. 

[0153] Additional embodiments and modi?cations Within 
the scope of the claimed invention Will be apparent to one of 
ordinary skill in the art. Accordingly, the scope of the present 
invention shall be considered in the terms of the folloWing 
claims, and is understood not to be limited to the details or 
the methods described in the speci?cation. 

What is claimed is: 
1. Acoated substrate comprising a substrate and a coating 

comprising a biodegradable polyhydroxyalkanoate copoly 
mer, Wherein the biodegradable polyhydroxyalkanoate 
copolymer comprises a ?rst randomly repeating monomer 
unit having the structure: 

Wherein 

R1 is H or a C1_2 alkyl, and n is 1 or 2; and 

a second randomly repeating monomer unit having the 
structure: 

(ii) 
R2 

Wherein 

R2 is a C3_19 alkyl or a C3_19 alkenyl; and 

Wherein at least 50% of the randomly repeating monomer 
units have the structure of the ?rst randomly repeating 
monomer unit, and Wherein the substrate is selected 
from the group consisting of paper, fabric, thread and 
yarn. 

2. A coated substrate according to claim 1, Wherein the 
biodegradable polyhydroxyalkanoate copolymer further 
comprises a third randomly repeating monomer unit having 
the structure: 

(iii) 
R3 
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wherein 

R3 is H, a C1_19 alkyl or a C1_19 alkenyl, and m is 1 or 2; 
and 

wherein the third randomly repeating monomer unit is not 
the same as the ?rst randomly repeating monomer unit 
or the second randomly repeating monomer unit. 

3. A coated substrate according to claim 1, Wherein R1 is 
a CL2 alkyl and n is 1. 

4. A coated substrate according to claim 1, Wherein R1 is 
H and n is 2. 

5. A coated substrate according to claim 1, Wherein the 
coating is substantially free of plasticiZers. 

6. A method of improving the resistance to grease of a 
subtrate, comprising the step of applying a coating to a 
substrate selected from the group consisting of paper, fabric, 
thread and yarn, Wherein the coating comprises a biodegrad 
able polyhydroXyalkanoate copolymer comprising tWo ran 
domly repeating monomer units Wherein the ?rst randomly 
repeating monomer unit has the structure: 

(0 
R1 

Wherein 

R1 is H or a CL2 alkyl, and n is 1 or 2; and 

the second randomly repeating monomer unit has the 
structure: 

(ii) 
R2 0 

|| 

Wherein 

R2 is a C3_19 alkyl or a C3_19 alkenyl; and 

Wherein at least 50% of the randomly repeating monomer 
units have the structure of the ?rst randomly repeating 
monomer unit. 

7. Amethod according to claim 6, Wherein the biodegrad 
able polyhydroXyalkanoate copolymer further comprises a 
third randomly repeating monomer unit having the structure: 

(iii) 
R3 o 

Wherein 

R3 is H, a CM9 alkyl or a CM9 alkenyl, and m is 1 or 2; 
and 

Wherein the third randomly repeating monomer unit is not 
the same as the ?rst randomly repeating monomer unit 
or the second randomly repeating monomer unit. 

8. A method according to claim 6, Wherein R1 is a CL2 
alkyl and n is 1. 

9. A method according to claim 8, Wherein R1 is a C1 
alkyl. 
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10. A method according to claim 6, Wherein R1 is H and 
n is 2. 

11. A method of coating a substrate, comprising the step 
of applying a coating to the substrate, Wherein the coating 
comprises a biodegradable polyhydroXyalkanoate copoly 
mer comprising tWo randomly repeating monomer units 
Wherein the ?rst randomly repeating monomer unit has the 
structure: 

(U 
R1 o 

Wherein 

R1 is H or a CL2 alkyl, and n is 1 or 2; and 

the second randomly repeating monomer unit has the 
structure: 

(ii) 
R2 0 

|| 

Wherein 

R2 is a C3_19 alkyl or a C3_19 alkenyl; and 

Wherein at least 50% of the randomly repeating monomer 
units have the structure of the ?rst randomly repeating 
monomer unit, and Wherein the substrate is selected 
from the group consisting of paper and fabric. 

12. A method according to claim 11, Wherein the step of 
applying the coating to the substrate comprises laminating 
the substrate With a ?lm comprising the biodegradable 
polyhydroXyalkanoate copolymer. 

13. A method according to claim 12, Wherein the ?lm is 
a solution cast ?lm. 

14. A method according to claim 12, Wherein the ?lm is 
a melt pressed ?lm. 

15. A method according to claim 11, Wherein the step of 
applying the coating to the substrate comprises: 

(a) preparing a coating composition comprising polyhy 
droXyalkanoate copolymer; 

(b) applying the coating composition to the substrate to 
obtain a coated substrate; and 

(c) alloWing the coated substrate to dry. 
16. A method according to claim 15, further comprising 

the step subjecting the substrate to pressure. 
17. Amethod according to claim 15, Wherein the coating 

composition is a solution. 

18. Amethod according to claim 15, Wherein the coating 
composition is a slurry. 

19. Amethod according to claim 15, Wherein the coating 
composition is a suspension. 

20. A method according to claim 11, Wherein the step of 
applying the coating to the substrate comprises extrusion 
coating the substrate. 


