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PROCESS FOR TAILORING WATER-BORNE COATING COMPOSITIONS

RELATED APPLICATIONS

{000 1] This application claims the benefit of U.S. Provisional Application Serial No.
61/135,185, filed on July 17, 2008, which is incorporated herein by reference in #is
entirety.

FIELD OF THE INVENTION

{002}  This invention relates to thickening aqueous or water-bome coating

systems using polymeric systems. More particularly, this invention relales 1o a
procass for tallonng rheology of aqueous or water-bore coaling compositions
using a system comprising at least two hydrophobically modified polymers where
one of the hydrophobicaily modified polymers is modified with more than one type
of hydrophobe.

BACKGROUND OF THE INVENTION

[00G3]  Agqueous coatling compositions, such as water-borme coalings are

complex mixtures of binders, pigments, dispersants, defoamers, surfactants,
biocides, preservatives, coalescing aids, neutralizing agents, coloranis,
humectants and thickeners. in addition, offentimes optional ingredients are

added 1o the coating formulations o achieve specific desired paint properties.

{00041  While in the market place traditional thickeners are still used 1o thicken
water-bormne coatings, they do not provide certain desired rheological properties
for high quality coatings. To meet these requirements, in the last three decades,
a new class of water-soluble polymers called hydrophobically modified water-
soluble polymers (HM-WSPs) has been developed and commercialized to the
coatings industry {see E. J Schaller and P. R Sperry, in "Handbook of Coatings
Additives”, Ed. L. J. Calbo, Vol. 2, p..105, 192; Marcel Dekker, Inc., New York).
HM-WSPs are water-soluble or water-swellable polymers bearing a small amount
of a hydrophobe. The presence of hydrophobic moieties in HM-WSP chains

makes the latter undergo non-specific association with themselves or with other
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[0005] Tiwee classes of HM-WEPs are curently available as rheology
modifiers. These are: a) Hydrophobically modified nonionic cellulose ethers (HM-
NCEs), b} Hydrophobically modified nonionic synthetic polymers (HM-NSPs), and
¢} Hydrophobically modified anionic polyacryiates (HM-APAs).

{00087 US. Patents Nos. 4228277, 4352916, 4,845,207, 4,902,733,
5,290,829, and 6,382,238 disclose the preparation of HM-NCEs and their use as
thickeners, emuisifiers, and stabilizers for latex compositions; the disclosures of
which are incorporated herein by reference in their entireties. In these polymers,
the hydrophobe grafted o the cellulose ether backbone is an alkyl group bearing
6-24 carbon atoms,

{00077  HM-NSPs bearing urethane linkages (hereafter referred 10 as
“urethane-linkage-bearing HM-NSPs") are disclosed in a number of publications
{see for examples, U.S. Pat. Nos. 4,079,028, 4,155,882, 4,298,511, 4,327,008,
4,337,184, 4 373,083, 4488233, 4,426,485, 4,496,708, 5,023,309, 5,281,654,
and 5,496,208), the disclosures of which are incorporated herein by reference in
their entireties. A common chemical feature of these HM-NSPs is that they have
synthetic water-soluble polymer blocks interconnected by small hydrophobic
segments of a urethane residue and the chain termini are capped with identical

hydrophobic groups. The hydrophilic blocks are typically polyalkylene oxides.

{0008] Several types of HM-NSPs bearing no urethane linkages (hereafter
referred to as “non-urethane HM-NSPs") are also known. They are: a)
hydrophobically modified polyether polyols, b) hydrophobically modified
aminoplast polyethers and ¢} hydrophobically modified poly(acetal- or ketal-

polyethers).

{00097 Compositions of hydrophobically modified polyether polyols are
disclosed in U. 8. Pat. Nos. 4,288,638, 4,354 9856, 4411819, 4,673,518,



WO 2010/008934 PCT/US2009/049371

{0010}  Hydrophobically modified aminoplast polysthers are condensates of
polyethers with aminoplasts and are described in U.S. Pat. Nos. 5,627 232,
5,622,373, 5,914,373 and WO 01127112712, the disciosures of which are
mncomporated herein by reference in their entireties.

{0011} Compositions of hydrophobically modified poly(acetal-or  ketal-
polyethers) are disciosed in U.S. Pal. Nos. 5574127 and 6,162,877, the
disclosures of which are incorporated herein by reference in their entireties. They
are prepared by copolymerizing an alpha,omega-diol, ~thiol, or ~diamino polyether
with a dihalogeno-compound in the presence of a base to form an alpha omega-
diol, -thiol, or -diamino poly{acetal-or ketal-polyether) which in turn s reacted with
hydrophobic reagents to form a hydrophobically modified poly{acetal-or ketal-
polyether). These HM-WGSPs are used as rheology modifiers in aqueous
formulations, such as water-bome coatlings. They are particularly useful for

thickening aqueous systems having high pHs {(»8)} and exposead {o above 25°C,

[0012] Random mixed hydrophobs modified polyethylene glycols made by
reacting polyethylene glycols with alk{enjyl succinic anhydrides are disclosed in
U.S. Pat. No. 8,743,855, the disclosure of which is incorporated hersin in its
entirety. The number average molecular weight of the polyethylene glycol ranges
from 200 to 35000 and the alk{eniyl group contains no more than 30 and
gspecially no more than 20 carbon atoms. The ester linkages present in these
polyester based polymers are, however, susceptible to hydrolysis to undergo
molecular degradation under alkaline environment {pH>7) when they are stored in
solution for a long time. Due {o the detachment of the hydrophobic groups from
the polymer backbone upon storage at pH >7, they lose their hydrophobically
associative properties or wviscosifying abiliies above room temperature and
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{00131  In formulating water-borne coatings, an appropriate balance of low- and
high-shear viscosity (8.¢., Stormer viscasity and 1G] viscosity) is sought to deliver
a salisfactory application properties. One of the problems with existing HM-
WSPs is that a single polymer does not often provide the desired low- and high-
shear rheclogy, L.e.,, Stormer viscosity and 1G] viscosity.  Generally, HM-WG&Ps,
particularly HM-NSPs, that offer efficient in building Stormer viscosity are not
gfficient providers of [Cl viscosity. In such cases, water-miscible organic solvents
are added to coating formulations to reduce the efficiency of Stormer viscosity
buildup and incorporate more HM-NSPs to increase ICl viscosity. Regrettably,
the use of organic solvents in water-borne coatings is undesirable as they are
environmentally unacceptable. After the coatings are applied on the substrate,
organic solvenis are eventually released to the atmosphere causing

environmental poliution and human heaith problems.

{0014]  Prior sfforts to deliver a balance of rheological properties by using a
combination of urethane-linkage-bearing HM-NSPs and HM-APAs made by
copolymerizing a mixture of ethylenically unsaturated monomers are described in
U8, Pat. Nos. 4507420 and 4,735,981, the disclosures of which are
incorporated herein by reference in their entireties.

[0015] The use of a mixtwre of urethane-linkage-bearing HM-NSPs in
combination with a surfactant co-thickener and a nonagueous, inett organic
solvent to thicken print paste is described U.S. Pat. No. 4,180,491, the disclosure

of which is incorporated herein by reference in its entirety.

[0016] Howard et al. in a publication (P. R, Howard, E. L. Leasure, S. T.
Rosier and E. J. Schaller, Journal of Coatings Technology, Vol. 64, No. 804,
January 19892) describe the use of a combination of urethane-linkage-bearing
HM-NSPs to achieve a balance of desired low- and high-shear viscosity without
using co-solvents or surfactants. They aiso recommend the use of other

polymers in combination with urethane-linkage-bearing HM-NSPs fo achieve a
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{00177 UG, Pat. No. 5,118,749 describes the improvement of 1G] viscosity of
an acrylic latex paint without using a rheology modifier. U.S. Pat. No. 5218917
discloses a latex paint capable of exhibiting improved IC viscosity by
incorporating a polymeric binder that comprises about 95-898.% wi% of a high
molecular weight film former and about 0.5-5 wi% of a particular polymer made
from a vinyl, acrylic, acrylamide and/or an alkadiens monomer,

{0018] To improve sag resistance of water-borne coatings, particularly, latex
paints, and the use of a mixture of different HM-NCEs is disclosed in U.S. Pat.
No. 5,281,654, the disclosure of which is incorporated herein in its entirety.

{0019] U.S. Pat. No. 6,107,394 discloses the incorporation of a blend of a non-
urethane HM-NSP and a urethane-linkage-bearing HM-NSP into latex paints to
efficiently increase their low- {Stormer viscosity) and high-shear viscosity (ICl

viscosity), the disclosure of which is incorporated herein in its entirety.

{00201  In tinted water-borne coatings, various colorants are used to achieve a
particular color.  Certain colorants used in the formulation sometimes do not
completely disperse in the base paint dus to thew poor compatibility with the
coatings ingredients. Consequently, poor color development occurs. The degree
of color development is tested by applying the coatings with a doctor blade and
subjecting the drawdown to high shear siress by finger-rubbing a small area of
the parlially dry film. The shearing action tends to disperse undeveloped
colorant, if any, and produces a color variation between the unsheared and
sheared ragions of the paint film. The color variation is measured colorimetrically
to give a numerical color difference value that measures the color development of
the original paint. The smaller the difference in the numerical color difference
value, the better the color development of the paint. For details of color
development test method, see ASTM D5326 - 94a (2002) Standard Test Method

far Cotor Development in Tinted Latex Paints. it has been disclosed in U.8. Pat.
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[0021]  The preparation of mixed hydrophobe modified poly{acetal or Ketal-
polyethers) and having low bulk density and delivery of these polymers as
agueous suspensions have been disclosed in U.S. Pat. No. 6,369,132, When
diluted with water, these polymeric aqueous suspensions dissolve rapidly without
fumping.

[0022] Currently, coatings formulators use multiple thickeners to achieve a
balance of rheological properties. While this approach works in selected
systems, the use of multiple thickeners is expensive, cumbersome, time-
consuming and can also adversely affect other rheological properties, such as
stability, spattering flow and leveling, hiding and dry film properiies, such as
gloss, corrosion resistance, etc. Storage, handling, dosing and management of
multiple thickeners at coatings manufacturing site add complexity and cost {o the
manufacturing process. The problem is exacerbated if the thickeners to be used
{a} belong to different chemical classes, (b) are delivered in different physical

forms {powder, solution or dispersion) or (¢} are chemically imcompatible.

{00231 Chemical incompatibilly means interactions belween chemically
dissimilar thickeners in conjunction with formulation ingredients leading to non-
homogeneity or appearance of multiple phases (syneresis) in the formulated
coatings. By being incompatible, they can adversely affect coating properties,

such as stability, spattering, flow and leveling, hiding and gloss.

{00247  Anocther issue with the use of chemically digssimilar thickeners is their
physical form ~ powder versus fiquid form. Thickeners delivered in liquid form are
gasy to meter and, if needed, can be postadded to formulated coatings to
increase (adjust) their Stormer viscosity. By contrast, thickeners delivered in
powder form are difficult to incorporate info formulated coatings as they tend to

form gels or inscluble masses.
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[0025]  Accordingly, there is a need in the coatings industry for a thickener or
rheology modifier system that provides both the desired Stormer viscosity and

good film build without adversely affecting other paint properties.

[0026] It is an object of the present invention to provide rheology maodifier
systems that imparts a combination of desired Stormer viscosity and ICH viscosity

when incorporated into water-borne coatings.

BRIEF DESCRIPTION OF THE INVENTION
{00271 It was surprising o find that by incorporating a system comprising at

least two hydrophobically modified polymers wherein one of the hydrophobically
modified polymers is modified with more than one type of hydrophobe into water-
home coalings and the amounts of both of the hydrophobically modified polymers
are able to be independently adjusted, the Stormer viscosity and Gl viscosity of
coatings could be significantly enhanced. By selecting appropriate hydrophobes
and their amounts grafted onto their respective base polymers, a balance of the
Stormer viscosity and G viscosity could be achieved in water-borne coatings.
These mixed hydrophobe modified polymer systems may comprise blends of at
least two hydrophobically modified polymers thereby allowing coating formulators
to tailor the balance of Stormer and ICl viscosity and other rheclogical properties,
such as flow, leveling, spatfter resistance and ability to suspend the dispersed

phase of the coatling composition.

[0028]  The present invention relates to a process for tailoring rheology of an
agusous of water-borne coating compaosition using a system comprising an
amount of a first hydrophobically modified polymer comprising a polymer
backbone modified with a first hydrophobe and an amount of a second
hydrophobically modified polymer comprising the first hydrophobically modified
polymer further modified with a second hydrophobe. The first hydrophobe and
the second hydrophobe are different from each other. The amount of the first
hydrophobically modified polymer is selected relative o the amount of the second
hydrophobically modified polymer 1o tailor the rheology of the aqueous or water-

bome coating composition.
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[0029]  The aqueous or water-borne coating compaosition is combined with an
amount of the polymer systems to obtain an aqueous or water-bome coating

composition with a tailored rheology.

[0030] These mixed hydrophobe modified polymers may be produced by
grafting hydrophobes of different fypes onto synthetic polymers, natural polymers

and modified natural polymers or semi-synthetic polymers.

{00311  Another object of the present invention is o deliver a system
comprising a blend of at least two hydrophobically modified polymers in a solution
or suspension form so that they can be incorporated into the coating formulation
in an easy way and their full benefit can be exploited. The polymers can be
delivered as an aqueous solution. If the viscosity of the aqueous solution is too
high (>3000 cps), the viscosity of the agueous solution can be attenuated by
adding viscosity suppressing agents. Examples of viscosily suppressing agents
for hydrophobically modified polymers are cyclodextrins and their derivatives,
surfactants and water-miscible organic solvents. Alternatively, an aqueous
suspension of particulate polymers of the present invention with low viscosity can

also be delivered using a salf that can be the sall of an organic or inorganic acid.

DETAILED DESCRIPTION OF THE INVENTION
{0032} in the present invention, water-soluble polymers that are further

modified with hydrophobes can be synthetic, natural polymers and modified
natural polymers or semisynthetic polymers. They can be: nonionic, anionic,

cationic and amphateric.

{0033]  The present invention is directed to covalently attaching more than ons
type of hydrophobe onto various water-soluble polymers. Preferably, the
hydrophobes are grafted onto the water-soluble polymer backbone as pendant
groups and they are placed as far apart as possible and more preferably, the
hydrophobes are grafied at the chain termini.  Depending on the structure of the
water-soluble polymer and the location of the reactive sites on the polymer, the

hydrophobes can be grafted onto the main backbone as pendant groups or at the
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{00341 In the present invention, the term “mixed hydrophobe modified
polymers” means polymers modified with multiple types of hydrophobes. For
preformed water-soluble polymers, the number of various types of hydrophcbes
that can be grafted onto them is limited by the nature and number of the
funclional groups available on them. For making mixed hydrophobe modified
polymers by connecting appropriate monomer units comprised of hydrophilic and
hydrophobic units, the molar ratio of hydrophilic to hydrophobic units can be
tailored. If the monomers contain polymerizable groups, such as vinyl group, they
can be covalently connected by free radical polymerization process. Preparation
of water-soluble polymers from vinyl monomers using a free radical process is
known in the art.

[6035]  The term “hydrophobe” means all reagent residues that are chemically
bonded {o the polymer and contribute {o the hydrophobicity of the polymer. The
hydrophobes may belong o various chemical families selected from but are not
limited to hydrocarbyl, fluorocarbyl and organosilyl.  In general, hydrocarbyl
hydrophobes are differentiated based on the number of carbon atoms present in
them. However, for hydrocarbyl groups having the same number of carbon
atoms, they are also differentiated based on their. (a) degrees of unsaturation
{carbon-carbon multiple bond), (b) spatial arrangements of the carbon atoms and
{¢) the presence of other non-carbon functional groups. In general, the
hydrophobicity of straight chain alkyl groups increases as the number of carbon
atoms increases. However, the hydrophobicity of hydrophobes having a fixed
number of carbon atoms and connected by chemical bonds would depend on
other factors. These include, {a} spatial arrangement of the carbon atoms, ie.,
whether they are connected {o form linear, branched, and cyclic structure, (b} the
presence of unsaturation, and (¢) the presence of substituents on them. Since
they will have different hydrophobicity, they would be considered distinet. For
axample, a linear hexyl (CsHqz-)} group is different from a cyclohexyl {CsHi-)
group or a hexynyl (CsHy-) group or a hydroxyhexyl (CeHz{(OH)) group

although they all contain the same number of carbon atoms. Similarly, for
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red different.

[0036] In the present invention, the ferm “hydrophobe”™ means not only the
discrete hydrocarbyt or fluorocarbyl or organosilyl residue derived from
hydrophobic reagents but also the "composite hydrophobe” derived from the
combination of the hydrophobe reagent residue and the adjacent group that is
hydrophobic., An example of a “composite hydrophobe” is ~R1-X-R2, whare R1
and R2 are two different hydrophobic moieties connected by a functional group
{X), such as ether, ester, urethane and amide. R2 can be monofunctional or
difunctional. For example, in ~{(CHz})n-0-CisHas, the terminal hexadecyl group
{CisHaz} is connected o the polymethylene unit, -(CHz)y-, by an ether linkage
and the "composite hydrophobe”™ has n+16 carbon atoms, whereas in ~(CHy)n-
NHCO:-CisHas, the terminal hexadecyl group (CisMss) I8 connected to the
polymethylene unit, -(CHy)-, by a uwrethane linkage and the “composite
hydrophobe™ has n+17 carbon atoms. If the two hydrophobes, R1 and R2, are
separated by a long hydrophilic segment, they are considered discrete
hydrophobes. For example, the polymethyiene unit, -(CHz)y- and the CygHas
group i ~{CHzp-O{CH;CHO)m-CisHaz  are separated by a  hydrophilic
polyethylene oxide chain and in this case, they would be considered two discrete
hydrophobes.,  Since epoxylated or glycidated hydrophobic reagents could
undergo oligomerization during their reaction with water-soluble polymers bearing
active hydrogens, the resulting hydrophobe derived from epoxylated hydrophobic
reagents could be an oligomeric species. For example, an alkyl glycidyl ether
could react with the polymer fo form a hydrophobe that would be a "composite
hydrophobe” comprising multiple alkyl glycidyl ether units connected by ether
linkages. In this situation, a mono alkyl glycidyt ether hydrophobe residue would
be considered different from the poly(alkyl glycidyl ether) hydrophobe residue
derived from the oligomerization of the alkyl glycidyl ether.

{00371 In the present invention, various types of hydrophobes can be

incorporated into a preformead water-soluble polymer by the reaction of the water-
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{0038] The mixed hydrophobe modified polymers can also be made by
copolymerizing a mixture of ethylenically unsaturated polymerizable monomers in
a free radical process, wherein the desired hydrophobic comonomers of different
types can be appropriately included during the polymerization process io
incorporate the hydrophobes into the polymer backbone.

100391 In a preferred embodiment of the present invention, a water-soluble
polymer bearing groups capable of reacting with the desired hydrophobic
reagents 15 used {0 prepare the mixed hydrophobe modified polymers of the
present invention. Examples of such water-soluble polymers  include but not
limited {o are poly(alkylene oxide) based nonionic synthetic water soluble
polymers, poly{alkylene oxide} based nonionic synthetic water soluble polymers
bearing urethane linkages, poly(alkylene oxide) based nonionic synthatic water
soluble polymers bearing aminoplast-ether linkages, polyacrylate based water-
soluble polymers, unmadified and modified polysaccharides, polyacrylamides,
copolymers of acrylamides and other polymerizable monomers, fully and partially
hydrolyzed polyvinyt acetates, copolymers of vinyl alcohol and vinyl monomers,
polyamines, copolymers of vinyl alcohol and vinyl amine, poly(atkyl-oxazolines),

and copalymers of alkylene oxides and vinyl monomers.

100407  In the present invention, nonurethane HM-NSPs are those that do not
carry any urethane linkage in their main backbone. They, however, camy
hydrophobes at their chain ends andior bear pendant hydrophobes connected by

urethane linkages.
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[0041]  The desired hydrophobes can be mcorporated into the chain ends of
synthetic water-soluble polymers according to the teachings of U.S. Pais. relating
to making hydrophobically modified nonionic synthetic polymers {(HM-NSPs)
described in and incorporated by reference in the Background of the Invention,
However, depending on the nature and reactivity of the hydrophobic reagents,
appropriate reaction conditions need {0 be used. The water-soluble polymer can
be a preformed high molecular weight polymer with a weight average molecutar
weight (M) from about 500-150,000 Daltons, preferably with an M., of from about
5,000 {o 130,000 Daltons and most preferably with an My, of from about 4 000 to
100,000 Daltons.

{0042]  Alternatively, the water-soluble polymer precursor can be made by
copolymerizing low molecular weight nonionic synthetic water-soluble polymer
with a polyfunctional reagent capable of selectively reacting with the chain ends
of the water-soluble polymer. The molecular weight of the polymer can be
tailored by varying the molar ratic of the starling water-soluble polymer to the
polvfunctional reagent. The polyfunctional reagent can have anywhere between
2 and 6 reactive groups, preferably 3 to 4 groups and most preferably 2 groups to
form a linear polymer. Examples of polyfunctional reagents include but not
limited to polyhaolgenated reagents, polyepoxides, polyisocyanates, aminopiasts
and polyvinyls, Linking groups arising from the reaction of the polyfunctional
reagents with the water-soluble polymer blocks include but are not limited to
acetals, ketals, ethers, aminoplast-ethers, amides, ursthanes, ureas, and estars.
Polyfunctional reagents with vinyl groups can react with water-soluble polymers
bearing active hydrogens to form appropriate linkages. For example water-
soluble polymers with —~OH, -8H, and -NH can form ether, thioether and N-

alkylated derivatives respectively.

[0043] Polyhalogenated reagents to make water-scluble copolymers with
acetal or ketal linkages are disclosed in U.S. Pat. Nos. 5,574,127 and 6,162, 877.
Preferred polyhalogenated reagents are alpha,omega-dihalogenoaltkanes and
gem-dihalogeno reagents having 1 to 20 carbon atoms. in addition to halogens,
the gem-dihalogeno reagents may contain other groups, such as atkyl, hydroxyl,

vinyl, hydroxyalkyl, alkylamine, attached to the carbon atom bearing gem-

12
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{00441  To prepare mixed hydrophobe modified polymers with hydrophobes at
chain ends, the starting water-soluble polymer can be any synthetic water-soluble
polymer or mixiures of water-soluble or water-swellable polymers bearing
reactable groups at the chain termini. Preferred reactable groups present on the
water-soluble polymer include, but are not limited to —-OH, -N-H, -S-H, =8i-H, -
CH=CH;, -N=C=0Q, =C0O-X, -CO,R, where X= a halogen atom and R = an alkyl
group. Examples of such polymers include homopolymers and copolymers of
alkylene oxides, poly{2-ethyl-2-oxazoline), polyacrylates, etc. Derivatives of
polyalkylene glycols terminated with —OH groups, -5-H groups, N-H bonds, -
COCH, -COLC, -C=0, -CHO, -CH=CH;, -COOR {where R= alkyl group) can be
used in the present invention, the preferred ones being polyalkylene glycols, also
referred to as poly{atkylene oxides) and the most preferred ones being
polyethylene glycols. The molecular weight of the starting polyalkylene glycols
can range from 200-40,000, preferably from 1,000-30,000 and most preferably
from 5000-20,000. The slarling waler-soluble polymer can already have a
hydrophobe at one end of the polymer chain. A mixture of water-soluble
polymers having reactable groups at both ends or at one can be used. The
preferred one is being the polymer with hydrophobes at ong chain end. Polymars

of this type can have the general structure:

R“(AO)‘m“{BO)n“H

where R = hydrophobe with at least one carbon atom |
AQ = sthylene oxide,

BQ = propylene oxide and butylene oxide.

m = 2-1000, and

n = 2-100

13
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[0045] Mixed hydrophobe modified polymers having two different types of
hydrophobes at chain ends can be made by hydrosilation of water-soluble
polymers bearing ~CH=CH, groups at their chain ends with multiple type of
hydrophobic reagents having Si-H bonds as shown below,

i i i i
RIGEH + CHo=0H e eCHEGH, + HSER —oed RUGHOH - CH o CH GHL 81
i $ f }

WHhErg e = & water-soluble polymer,

R and R are two different hydrophobes

{0046] To bring about hydrosilation, a catalyst is required.  Several
hydrosilation catalysts are known in the art and ong such catalyst is chioroplatinic

{00471  The structures of the water-scluble polymers of use in the present
invention can be linear, comb, star, branched, and highly branched (dendrimers).
The polymers may contain cationic, anionic or zwilterionic funclionality, The
preferred ones are substantially free of charges and the most preferred ones are

devoid of charges.

{0048]  The nonionic polymers of use in the present invention contain different
hydrophobes at different parts of the polymer backbone. Preferably, the polymer
chain ends carry different hydrophobes. Chemically different hydrophobes can
also be pendant from the polymer backbone.

[0048] Pendant hydrophobes of different types can be incorporated into the
polymer backbone by copolymerizing a mixture of polyfunctional reagent, a
polvalkylene oxide, and compound(s) bearing alpha, omega-active hydrogen
atoms and their alkoxylated derivatives as disclosed in U.S. Pat. No. 6,162,877
The pendant hydrophobe can be placed randomly or alternately on the polymer

backbone.

{0050] in the present invention, urethane-linkage-bearing HM-NSPs are those
that carry at least one urethane linkage in their backbone or at least one chain
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a) &l least one water-soluble polyether containing one or more active

hydrogens or isocyanato groups,

by atleast two different monofunctional hydrophobic compound capable
of reacting with the active hydrogans or the isocyanato group of the watgr-soluble
polyether in (a),

¢y atleast one organic polyisocyanate

[0051]  The urethane-linkage-bearing HM-NSPs may optionally contain units or

residues derived from reactants (c} as shown above.

{0052] Depending on the process conditions used to prepare the mixed
hydrophobe polymers of use in the present invention, the polymer compositions
of use in the present invention can also have polymeric species having identical
hydrophobe at chain termini in addiion o polymers bearing different
hydrophobes. The relative abundance of polymers having identical hydrophobes
and different hydrophobes at chain ends would depend on the number and
relative amount of each of the hydrophobic reagents and the starling polymer

used in the process to prepare the mixed hydrophobs modified polymers.

{0053]  Hydrophobically modified alkali-soluble or -—swellable polyacrylates
{HM-APAs} containing one type of hydrophobe are made by free radical
polymerization of a mixture of ethyienically unsaturated monomers and a
hydrophobic comonomer bearing a polymerizable group. The hydrophobic
comonomer may or may not contain a spacer, typically an alkylene oxide
oligomer, between the hydrophobe and the polymerizable group. The spacer can
be connected o the polymerizable moiety by ether, acetal, urethane, ester or

amide linkages. To prepare HM-APAs bearing mixed hydrophobes, a mixture of
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{00541  Preparation of hydrophobically modified polyacrylamides are disclosed
in U. 8. Pat. Nos. 4,425,469, 4 432,881, 4,463,151, 4,463,152 and 4,772, 962,
the disclosures of which are incorporated herein by reference in their entireties.
Mixed hydrophobe modified polyacrylamides of use in the present invention can
be made according to these methods using a mixture of hydrophobic acrylamide

and or hydrophobic acrylate comenomers.

{0055]  Mixed hydrophobe modified celiulose ethers can be made according to
U.8. Pat. No. 4,904,772 incorporated herein by reference in its entirety. Preferred
celiulose ethers are those that contain at least one of the subslituent types
selected from the group consisting of hydroxyethyl, hydraxypropy,
carboxymethyl, methyl and ethyl radicals and reasonable number of hydroxyt
groups or other groups capable of reacting with the hydrophobic reagent(s).
Hydroxyatkyl cellulose ethers with hydroxyalkyt molar substitution of about 1.0 to
4.5 are preferred. To tailor the rheological propsrties, more than fwo different

types of hydrophobes can be atfached to the cellulose ether.

{0056} Other mixed hydrophobe modified polysaccharides of use in the
present invention can be made by reacting starch, xanthan gum, carrageenans,
polygalactomannans and their various derivatives with appropriate hydrophobic
reagents. Examples of polygalactomannans include guar cassia gum, and locust
bean gum. Examples of derivatives of these polysacchandes include those

containing at least one of the substituenis selected from carboxymethyl, cationic

16



WO 2010/008934 PCT/US2009/049371

{00571  The hydrophobic groups incorporated into the chain ends of the
polymer or onto the polymer backbone as pendant groups contain 1 1o 50 carbon
atoms. They are selected from hydrocarbyl, alkyl, anyl, anylalky, cycloaliphatic,
polycyclic groups, perfluroalkyl, poly(epoxyalkanes), poly{giycidyl atkanes),
carbosilyls, polysilanes, poly(alkoxy)silanes, compiex dendritic hydrophobes, and
fullerenes. The preferred hydrophobes are those with alkyl groups having 4-30
carbon atoms, most prefered being 6-20 carbon atoms. These hydrophobic
groups can be saturated unsaturated, branched or linear. if the hydrocarbyl
hydrophobes belong to the same homologous series, the difference in the
number of carbon atoms among the different types of hydrophobes should be at
least two and the upper limif should be 8. If the hydrophaobes do not belong to a
homologous series and/or are chemically different, this restriction does not apply.
Thus, - C4Hg group is different from - C4Fg and —8Si{CH3);-CH,CH;, albeit they
contain the same number of carbon atoms. Therefore, polymers modified with -
CsHs group and -C4F¢ would be considered mixed hydrophobe modified

polymers.

{G058] When the hydrophobes are independently selected from alkyl,
perfluorcalkyl, and carbosilyl and oligomeric epoxyalkanes, the number of carbon
atoms in the hydrophobic maoisty is 1 to 50. When the hydrophobes are based on
aryl, arvlalkyl, cycloaliphatic, polycyclic compounds and poly{epoxy alkane), poly
{epoxy arylalkyl), the carbon range is from 3-50 with the preferred range being

from 6 to 30 carbons and most preferred range being 10 to 25 carbon atoms.

{00587  The hydrophobes are chemically bonded 1o the polymer chain ends or
the polymer backbone by ether, thioether, acelal, ketal, urethane, ureas,
aminoplast-ether, amide and ester linkages. The hydrophobes can be linear,
branched, dendrimers or oligomers. The hydrophobes can have additional
chemical groups such as -OH, 28i-0H, ~-COOH, -803; Na’, phosphates, and
cationic groups at the tip of the hydrophobes. For hydrocarbyl- or fluorocarbyi-

based hydrophobes, instead of being a contiguous connection of carbon atoms,
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{00607 A wide variely of mixed hydrophobe modified polymers made by
reacting synthetic water-soluble polymer with a wide varnety of hydrophobic
reagents, can be used in a system comprising at least two hydrophobically
modified polymers where in one of the hydrophobically modified polymers is
modified with more than one type of hydrophobe. The number and type of
hydrophobes incorporated into the polymer can be adjusted by the choice of
various hydrophobic reagents, thewr amounts and the process conditions.
incorporation of each hydrophobe type can be done seither sequentially or
simultanecusly depending on the nature of the hydrophobic reagent. If the
hydrophobic reagents belong to the same class, they can be reacted
simultaneously with the water-soluble polymer. If the hydrophobic reagents
belong to different classes, have different reactiviies and require different
reaction conditions for grafting onto the water-soluble polymer, they can be
incorporated in mulliple stages using appropriate reaction conditions.  For
example, for polymers bearing hydrophobes at chain ends, one hydrophaobe could
be attached to the polymer chain end by a urethane linkage and the other
hydrophcobe could be connected to the other end of the chain through an acetal,
ether, ester or amide linkage by selecting appropriate reaction conditions.

{00611  The process of the present invention permits tailoring of the rheology of
agueocus or water-borne coating compositions. This process comprises oblaining
an amount of a first hydrophobically modified polymer comprising a polymer
backbone modified with a first hydrophobe and an amount of a second
hydrophobically modified polymer comprising the first hydrophobically modified
polymer further modified with a second hydrophobe. The first hydrophobically
modified polymer may be either a water-soluble, water-dispersible or water-
swellable polymer. The first hydrophobe and the second hydrophobe are different
from each other. This permits a formulator of aqueocus or water-borme coating
compostions o select an amount of the first hydrophobically modified polymer
relative to the amount of the second hydrophobically modified polymer to tailor

the rheology of the aqueous or water-bome coating compaosition.
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[0082] Since the first hydrophobically modified polymer and the second
hydrophobically modified polymer share a common polymeric backbone and at
least one hydrophobe, they are relatively compatible with one another. For
gxample, the second hydrophobically modified polymer may be characterized by
its first and second hydrophobes having in the range of 1 1o 40 carbon atoms and
wheregin the first hydrophobe has at least two carbon atoms more than the sacond
hydrophobe.  Alternatively for example, the second hydrophobicaily modified
polymer may be characterized by its first and second hydrophobes having in the
range of 110 40 carbon atoms and wherein the first hydrophobe has at ieast two
carbon atoms less than the second hydrophobe. By utilizing different
hydrophobes on polymers sharing a common polymeric backbone and like
hydrophobes, the hydrophobically modified polymers should belong to the same
chemical class of polymers, can be delivered in the same physical form (e.g.,
powder, solution or dispersion), and should be chemically compatible with one

another.

[0083]  The amount of the first hydrophobically modified polymer of utility in the
present invention is from 0.05 to 10 wi%, preferably from about 0.01 to 5 wi%,
more preferably from about 0.5 to 2 wi% of the aqueous or water-borne coaling
composition and the amount of a second hydrophobically modified polymer is
from about 0.01 to 8 wi%, preferably from about 0.01 1o 5 wi%%, more preferably

from G.01 to 3 wi% of the aqueocus or water-borne coating composition.

{0064] The polymer backbone of the first hydrophobically modified polymer
and the second hydrophobically modified polymer may be selected from the
group consisting of synthetic polymers, polyacrylates, polyacrylamides,

polysaccharides and derivatives thereof.

{0085]  The polymer backbone of the synthelic polymers may be selected from
the group consisting of non-urethane polyether polymers and urethane-bearing
polyether polymers. In one embodiment, the second hydrophobically modified
polymer comprises a urethane or a non-urethane polyether polymer further

comprising: polyether segments comnected by ether, acetal, ketal ester,
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{00667 A preferred lower limif of the weight average molecular weight of the
urethane and non-urethane polyether polymer of use in the process of the
present invention is about 4000 Daltons, preferably about 8000 Daltons and more
preferably about 20,000 Daltons.

{00677 One advantage of the process of the present invention is that the mixed
hydrophobe modified polymers exhibit a combination of rheological properties of
particular interest to coating formulators. Through the selection of an amount of
the first hydrophobically modified polymer relative 10 the amount of the second
hydrophobically modified polymer, in combination with an aqueous or water-borme
coating composition resulls In aqueocus or water-borme coatings having a
Brookfield viscosifies in the range of 1000-7000 cps at 5 sec’ or Stormer
viscosities in the range of 80-130 KU and high-shear viscosity (IC1 viscosity) in
the range of 0.1-3.8 poise at 10,000 sec”’. The viscosities are all measured at
25°C. This combination of viscosities is of particular interest {o coating
formulators concemed with challenges regarding both the application as well as

the aesthetics of aqueocus or water-borne coatings.

{0068] Depending on the compositions, mixed hydrophobe modified polymers
of use in the process of the present invention exhibit very high solution viscosity
{> 1000 cps) in water at polymer concentrations greater than 2 wil. Hence,
under ambient temperatures, transfer of high solids (35 wi%) solutions of these
polymers from one container o another is extremely difficult. In addition, highly
viscous solutions tend to remain separaied when added to various highly-filled

aqueous formulations, such as water-borme coatings.
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{00697 To overcome the above problem is another aspect of the present
invention comprises adding to agqueous or water-borne coaling composition an
amount of a viscosily suppressing agent selected from the group consisting of
cyclodextrins and their derivatives, surfactanis and water-miscible organic
solvents.

{0070} in one embodiment, the solution viscosity of mixed hydrophobe
modified polymers is suppressed by adding an effective amount of viscosity
suppressing agent comprising a cyclodextrin compound capable of complexing
mnsitde s hydrophobic cavily with the hydrophobea(s) of the mixed hydrophobe
modified polymers in an aqueous environment. Various cyclodexiring that can be
used to suppress the solution viscosity of hydrophobically modified poly(acetal-or
ketal-polyethers) are disclosed in U, 8. Pat. No. 6,808,132, the disclosure of
which is incorparated herein by reference in its entirety. These cyclodexirins of
different cavity sizes and their derivatives can be employed to suppress the
solution viscosity of mixed hydrophobe maodified polymers of use in the present
invention wherein the cyclodextrin is selected from the group consisting of alpha,
beta, and gamma cyclodextrin.  The cyclodextrin of use in the present invention
may be selected from the group consisting of methylated, hydroxyethylated,
hydroxypropylated, carboxymaethylated, and diaminoethylated cyclodextrins and
mixtures thereof Preferred cyclodexiring are beta-cyclodextrin and its derivatives
and most preferred ones are nonionic beta~-cyclodextrin derivatives having water-

solubility greater than 3 grams per 100 g of water.

{0071]  The amount of cyclodextrin of use in the compositions of the present
invention is from about 0.1 ~ 10% by weight of the composition, preferably abowt
0.5 -7% by weight of the composition and most preferably about 1-5% by weight
of the composition.

{00721 For thickening aquecus systems using cyclodextrin-containing
hydrophobically modified water-soluble polymer solutions, # is critical to reversibly
break the association between the cyclodextrin cavity and the hydrophobe. This
can be done by adding a surface-active agent that can compete with the

hydrophobe of the polymer to bind with the cyclodextrin cavity. Various nonionic,
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[6073] An alternative approach to bring about the inter-chain hydrophobic
association of the hydrophobically modified water-soluble polymer would be to
destroy the cyclic structure of the cyclodexirin by adding a cyclodextrin
hydrolyzing enzyme, also known as cyclodextrin hydrolase. Depending on the
composition of the cyclodextrin, the cyclodextrin hydrolases would hydrolyze the
glycosidic linkages of the anhydroglucose units of cyclodextrin to form an open

finear structure of anhydroglucose units and/or depolymerized sugar species.

{0074]  In another embodiment, the composition 10 reduce solution viscosity of
mixed hydrophobe modified polymers comprises: (a) mixed hydrophobe modified
polymaers and (b} & surface-active agent. Aqueous dispersions of hydrophobically
modified poly(acetal- or ketal-polyethers) made using surface-active agents are
disclosed in U.&. Pat. No. 7,531,591, the disclosure of which is incorporated
herein by reference in its entirety. These groups of surface-active agenis can be
used to suppress the viscosity of high solids solutions of mixed hydrophobe

modifiad polymers of the present invention.

[0075]  In accordance with the present invention, typical viscosily reducing
agents also may be selected from the group consisting of anionic, cationic, non-~
ionic zwitterionic, and Gemini surfactants. Nonionic surfactants include alcohol
ethoxylates (Cw-(EQ)s ~ lconol DA-6 (EO = ethylene oxide unit), Ethal DA-6 and
Huntsman DA-6; Ci o-(EQ)s — Ethal DA-9; Cu.qi~(EQO)s — Rhodasurf 91-8),
sthoxylated 2.4,7 S-tetramethyl-5-decyn-4,7-diol or Surfynol 465 {(Air Products);
Ce alkylglucoside (AG 6206, Akzo-Nobel), Cg alkyiglucoside (AG 6202, Akzo-
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a-Cie alkviglucoside (AG 6210, Akzo-Nobel), Cig-alcohol ethoxylate
PEG (TEO), Biodac 710 (Sasol); Cyg-alcohol ethoxylate PEG {8EQ)}, Biodac 810
{Sasol), Primary alcohol ethoxylate, Cq-Cyz, PEO(8), Synperonic 91/6 (IC1}; decyl
glucoside, Plantacare 200 UP (Henkel). Gemini surfactant (Air Product, acetylenic
diols swrfactants).

[0076] The amount of anionic, cationic, non-onic zwitterionic or Gemin
surfactants may be in the range of about 2-25%, preferably about 4-20% most
preferably about 7 -15% by weight of the composition.

60777 Yet in another embodiment, the composition to deliver mixed
hydrophobe modified polymers containing high solids comprises: {a} mixed
hydrophobe modified polymers and (b) carbon-containing electrolytes. Agqueocus
dispersions of the mixed hydrophobe modified polymers of the present invention
could be made by suspending the finely divided particles of mixed hydrophobe
modified polymers in an agueous environment enriched with carbon-containing
electrolytes.  Delivery of aqueous dispersions of hydrophobically modified
poly{acetal or ketal-polyethers) using carbon-containing electrolytes is disclosed
in U. 8. Pat. Nos. 6,369,132 and 6,433,056, These documents are incorporated

herein by reference in their entireties.

{0078] Examples of agueous systems where process of the present invention
can be used are latex paints, water-borne alkyd paints, building materials,
personal care products, such as shampoos, hair conditioners, hand lotions,
toothpastes, antiperspirants, etc., water-borne inks and adhesives, drilling muds
for oilwell drlling, ceramic adhesives and binders, hiquid detergents as
cleansers, fabric sofieners, pesticides and agricultural compositions, paper, paper
board and paper coating formulations, pharmaceuticals, deicing aircrafis, and
fire-fighting fluids.

{00791  Thickeners are also referred to as rheology modifiers as they modify
the rheology of coatings. Although thickeners are minor components of a coating
formulation, they are very critical to formulate water-borme coatings as they

controt or significantly affect many rheological properties. Qrganic as well as
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[0080]  One of the rheological properties measured for water-borne coatings is
their mid-shear viscosily, commonly referred to as Stormer viscosity. The
Stormer viscosity of a coating reflects its ability to resist pigment settlement on
storage and provide good brush loading during applications. 1t is measured by a
Stormer viscometer by measuring the time taken for an inner cylinder in the
viscometer o perform 200 revolutions per minute in response to an actuating
weight and expressed in Krebs units (KU) (ASTM D662-81).

{0081]  For typical water-borne coatings, the Stormer viscosity ranges from 90
to 120 KU. The amount of thickener{s) on a dry basis needed to achieve the
target Stormer viscosity of coatings is called thickening efficiency (TE) or
thickener demand. TE is expressed as weight fraction of the dry thickener with
respect to the total weight of the wet coating. Coatings formulators, howsver,
prefer to express TE as pounds of dry thickener required per 100 gallon of wet
coatings. Coating formulators incorporate thickeners into the coatling formulation
to achieve a target Stormer viscosity, For economic reasons, polymers that
provide efficient buildup of Stormer viscosity are desirable,

[0082] The Stormer viscosity buildup {or TE) depends on the pigment volume
concentration (PVC) of coatings and various ingredients used in the formulation.

PVC (%) is defined as shown below,
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Volume of pigment(s}
PVC (%) = * 100
Volume of pigment {81+ Volure of binder{s}

{0083]  PVC is a measure of how binder-rich a given coating formulation is.

{0084] Pigments used in coatings could be both prime pigment {primary
coloring agent for the coaling) as well as extender pigments (fillers used to lower
coatings’ costs or improve other properties). Titanium dioxide is the prime
pigment extensively used in formulating coatings. Extender pigments include

clay, silica, talc, calcium carbonate, calcium sulfate and zinc oxide.

{00851  Ancther formulating parameter used in coatings indusiry is the volume

solids (VS) content that is defined as shown below.

Ory volume of pigment{s} + Ory volume of extendar pigment{s} + Dry voluma of bindars
Y8 (%)= ¥ 100

Toial volume of the wel coaling formulation

10086} if other additives are used, their volumes are not included o calculate

the total dry volume.

[0087]  Another desired rheological property for water-borme coatings is 1o
have good “brush drag” or good "film build” during applications on the substrate.
Good “fiim build” means the formation of a continuous film to cover surface of the
substrate that is being coated with a brush or roller. Typically, the film building
ability of a coating s measured by measuring the viscosity of the coating at a
shear rate of 10,000-14,000 sec™, referred fo as ICI viscosity. i is measured
using a cone and piate viscometer and expressed in poise or mPa.s {1 poise =
100 mPa.s). The ICI viscosity of most commercial coatings ranges betwesn 0.8
and 3.5 poise. For premium quality gloss paints, higher IC1 viscosity (1.5 poise)

is desirable.
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[0088]  For water-bome coatings, the mixed hydrophobe modified polymers of
the present invention aiso provide other rheclogical properties, such as flow,

spatter resistance, suspension of dispersed species over a shear rate of 0.01
sec” to 14,000 sec™.

{00894 in accordance with the present invention, the system comprising at
feast two hydrophobically modified polymers of the present invention can be used
in water-borne coating compositions; the pigment volume concentration (PVC) of
the coatings can have a lower imit of 5, preferably 10 and an upper imit of 85,
preferably 80. More particularly, when the water-borne coating composition is a8
high gloss coating, the PVC is from about 15 to about 30; when the coating is a
semigloss coating, the PVC is from about 20 to about 35; and when it i1s a flat,
satin or egg-shell coating, the PVC is from about 35 to about 80. Also for water-
bome coatings, the low-shear viscosity, measured at 5 to 12 sec-1 at 25°C using
a Stormer viscometer, should be 80-120 Kreb units (KU}, preferably about 100
KU and high-shear viscosity or the 1C] viscosity should be between 0.8 and 3.5

poise measured at 10,000 sec” at 25°C.

{00801  The system comprising at least two hydrophobically modified polymers
of the present invention may be used in combination with other thickeners.
Examples of such thickeners are traditional thickeners bearing no hydrophobes
and hydrophobically modified thickeners bearing other types of hydrophobes.

{0081}  The scope of the present invention as claimed is not intended to be
fimited by the following examples, which are given merely for the purpose of
lustration. The following examples will serve {o illustrate the invention, parts and

percentages being by weight unless otherwise indicated.

EXAMPLE 1
Preparation of C++/Csmixed hvdroghabe medified polv{acetal-polvether)

{0082] To a Hockmeyer mixer were charged polyethylene glycol {(molecular
waight ~ 9000; PEG-8000) (2700 g) and sodium hydroxide (76 g). After sealing
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[0083]
water.

PCT/US2009/049371

The C12/C+s modified poly{acetsi-polyether) thus made was soluble in
The 20% solution viscosity of this polymer was 8600 cps at 30 rpm at

25°C. The weight average molecular weight (M.} of the copolymer was 38,700

and the polydispersity index was 1.78.

[0094]

EXAMPLES 2-8

A series of C./Cis modified poly{acetal-polyethers) were made

according to Example 1 by varying the relative amounts of 1-bromododecane

CuxHasBr) and 1-bromohexadecane (CigH33Br).

{0085]  The resulls are shown below.
Example No. | CopHasBr CisHBr My 20% solution BF viscosily
{a) {9} Daltons) {cps)
2 115 12 38,100 8750
3 109 18.3 37.100 7560
4 108 28 38.400 10170
5 a7 35 38,100 12000
8 788 64.2 34,000 >20,000
7 65 85 35,100 =20.000
B 52.4 o8 35,200 =20,000
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EXAMPLES 9-11

Preparation of Cs/C1s_modified poly(acetal-polyethers)

{0056
according to Example 1 by varying the relative amounts of 1-bromohexans
CeHi3Br) and 1-hexadecane (CgHanBr).

A series of Cs/Cw modified poly{acetal-polyethers) were made

{00877  The results are shown below.
Example No. | CeHuBr{g) | CiueHuBr My 20% solution BF
{g) {Daltons) | viscosity (cps)
9 48 116 33,800 »20,060
10 43 85 38,400 >20.000
11 62 50 37,300 3630

EXAMPLES 12-18
Preparation of C12/Cs modified poly(acetal-polyethers)

[0088]

according to Example 1 by varying the relative amounis of 1-bromododecane

A senes of C/Cqe modified poly{acetal-polyethers) were made

{Cy2H2sBr) and 1-bromotetradecane (CiaHzoBr).

{00991  The results are shown below.
Exampie | CyHaBr CyyHBr M, (Daltons} | 20% solution BF
No. {q} {a) viscosity {cps)
12 115 18.5 38,200 6630
13 108 255 36,100 8700
14 102 38 36,600 7800
15 85 18 38,400 6000
16 95 40 37,160 10700
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EXAMPLE 17

Freparation of C+/C s modifiad poly{acetal-polyethers) using polvethvlene glyeol
of molecular weight ~ 8500

{00100] A C/Cqis modified poly(acetal-polyethers) was made according to
Example 1 using 1-bromododecane CaiHasBry  and  1-bromooctadecans
{C1aHa7 By

{00101]  The results are shown below.

Example No. | CpHyBrig) | CupHyBr My 17.5%  solution BF
H{+} {Dailtons) viscosity  with  10%
Genapol 1D-60 {cps)
17 &5 87 35,000 2920
EXAMPLE 18

Preparation of C.1s/C 1z medified poly(acetal-polvethers) using polyethylene glycol
of molecular weight ~ 10,500
[00102] Exemple 17 was repeated using the following reagents.

1) Polyethylene glycol {molecular weight ~ 10,500} - 600 g
2} Sodium hydroxide —~ 185 g

3) Dibromomethane -5 g

4} 1-Bromohexadecane - 205 g

5) 1-Bromooctadecane -~ 224 g

[00103] The weight average molecular weight of the Cw/Cs modified
poly{acetal-polyether} was 25,100, The 17 wt% solution of the polymer in
conjunction with 10 wi% of Genapol® ID-80 surfactant (ethoxylated isodecyt
alcohol containing 6 moles of sthylene oxide; available from Clariant
Corporation), was 2300 cps at 30 rpm at 25°C.

Solutionviscosity suppression of high solids soluytions of mixed hydrophobe
moadified poly{acetal-polyethers) using cyclodexiring

{00104] Depending on the type and amount of hydrophobes grafied anto the
poly{acetal-polyethers), the high solids solutions {(»2%) of the mixed hydrophobe
modified poly(acetal-polyethers) would be very viscous making them difficult to

transfer or incorporate into the desired agueous formulations.
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{00105}
poly(acetal-polyethers) can be lowered by adding appropriate cyclodexinn{s) as
disclosed in U. S. Pal. Nos. 6,809,132 and 6,200,255 as shown below. A few

examples are given below.

The viscosity of high solids solutions of mixed hydrophobe maodified

Polymer Cy2fCas- Water {g} | Cyclodextrin BF Viscosity of
PAPE {4 _added the solution {cps)

C12/C14-PAPE 20 80 Nong 7470

20 80 g-CRD15g) 1300

: 20 80 HP-B-CD {150} 1140

20 80 Me-B-CD {1 q) M70

B-CD = Bela-oyclodextring HP-B-CD = Hydroxypropyiated bela-cydodexiring and Me-B-CD =
Methyiated beta-cyclodextrin

Solution_viscosity suppression_of high solids solutions of mixed hydrophobe
modified poly{acetal-polyethers) using surfactants.

[00106]

presence of Genapol® 1D-60 surfactant (ethoxylated isodecyl alcohol containing 6

Various Cy:/C+s madified poly{acetal-polyethers) were dissolved in the

moles of ethylene oxide; available from Clariant Corporation}). As can be seen, by
adding Genapol® 1D-60 surfactant, the solution viscosity of the C,/C 16 modified
poly{acetal-polyethers) (C::/C+s-PAPE) can be significantly lowered.

Example Gl | T42fC15-PAPE {g) | Genapol® D63 | Water {g) | BF viscosity of
No. moile surfactant {g} the solution
ratio {cps)
A 8515 35 0 145 aa00
B 85:15 35 16 149 3760
C 70:30 35 & 145 12,800
8 70:30 35 20 145 2772
E 6040 35 0 145 >20.000
F 80:40 35 20 145 2868
G 50:50 35 & 145 >20,000
H 50:50 35 20 145 2852
] 85:15 14.5 8.5 78 1832

Evaluation of paint properties of muodified poly(acetal-polyvethers) modified with
dodecyl (C1pHas) and tetradecyl (C 4 Haa) hydrophobes

{00107}
{PAPEs) were evaluated in all-acrylic semigloss white paint containing an acrylic

Several C12/C 4 modified and C1,/Cs modified poly(acetal-polysthers)
emulsion (Rhoplex™ SG-30 emulsion available from Rohm and Haas Company)

{pigment volume concentration =25%; volatile organic compound content =

150g/liter). The details of this paint formula are given in Table A.
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Table A
Rhoplex™ $G-30 acrylic emulsion in an all-acrylic semigloss white paint

formula

Ingredient Chemical description Supplier Parts by weight
Water 10584
Tarol THA Sodium salt of 3 maleie Rohm & Haas Company 2
anhviiiddes copolymer
PROXKEL GXL Lture of 1 2-bensisothiszolin-3-one [Arch Chemical, inc. 3
hydronide, and
dipropyione ghyool
AMPLOE 2-Apaine-2-methyl-1-propanc Angus Chamical Comparny 1
Strodex PK-E0 Potassium sall of phosphete Aguaton Corapany 2.1
possier of sfoohel and aliphatic
gthodate
Tritory CF-10 Dow Chemical Company 2.1
Ethylene ool * 30
Dhress T-4807 Antifoanting agent Ashiand Speciality Chemicals 28
Tilure R-708 Titanium dioxide £ 1 Ou Pont de Nerours and Company 23
Rhoplex 86-30 Acrdic fatex Fohm & Haas Company 438
Texanot ® ester alcohol 2.2 4-Trimethyt-1 3-pentanadicl  {Eastman Chemical 12
mongisehitwate
Water + Thickener 28

{00108}
modified PAPESs {o achieve a balance of low-shear (Stormer viscosity} and high-

The following Examples illustrate the use of Ci/Cis and Ci2fCs

shear viscosity (ICI viscosity) in the SG-30 acrylic-hased semigloss paints.

[00109]

experimental thickeners {(~ 1.2 wt% on a dry basis) was added {o the base paint.

in the present case, for comparison purposes, a fixed amount of the

After mixing the paint for 0.5 hour, the Stormer viscosity of the paint was
measured at 25°C. This is the initial Stormer viscosity. Then the paint was left
overnight. Next day, the paint was mixed again for 15 minutes and the Stormer
viscosity of the paint was measured at 25°C. This s the overnight Stormer

viscosity.

{60110
PAPEs and C1/Ce-PAPES provide higher low-shear viscosity (Stormer viscosity)

The resulis in Tables 1 and 2 show that at the same use level, C1/C s~

and higher high-shear viscosity {(IC| viscosity} relative to those of C-PAPE

{Aquaflow® NHS-300 rheology modifier available from Hercules Incorporated).

31



WO 2010/008934 PCT/US2009/049371

Table 1

Rhoplex™ SG-30 acrylic emulsion in an acrylic semigloss paint properties
of C12/C14-PAPEs

HM-PAPE Mw x 1 ] CI2 | Cid Rhoplex 8G-30 white semdgloss base paint

{WIG) | {widh) properties of the HM-PAPE
TE [ Stormer Visgosity]  TCE Viscosity
{wisa) (K1Y {poise)
C12-PAPE 367 tisrt o~ P Lm 22 2.8
CI2CI4-PAPE | 383 107 § 443 1 1213 G} 3.5
3 3a.1 1.34 § 027 1 1.23 39 3.5
C12/CI4-PAPE 306 1381 034 2 a8 3.2
CIZCI4-PAPE 37.1 RELERZARN:EIN &9 33
CI2CI4-PAPE 382 L 161 2 B3 3.2
CI2/CHS-PAPE 374 1149 426 1 123 37 3.3
U1/ CI4-PAPE 379 1S 1025 87 33
CI2ICI4-PAPE 376 1e6 ¢ 026§ 123 87 3.2
CI2/ICI4-PATE 384 131 § 0191 123 B& 34

[00111] As can be seen from data in the above table, at the same thickener use
fevel, C4/Cis modified poly{acetal polyethers) provided higher Stormer viscosity

and 1C1 viscosity relative to those of the Cy; modified poly(acetal polyether).

Table 2

Rhoplex™ 8G-30 acrylic emulsion in an acrylic semigloss paint properties
of C12/C16-PAPESs

HM-PAPE | mwx 107 C12 | €16 | Rhoplex 8G-30 white semigloss paint

(i) | {(witd) properiies of the HM-PAPE
TH Stormer ICT viscosity
{wibn) | viscosity (K1 {povise)
CI12-PAPE 367 1.37 o 123 82 I8
CIZCIG-PAPE] 370 | ledio2t] 12 88 3.5
C12/Cl16- PAPE] 38.1 1.74 {1 .13 1.2 85 32
Cl2/C16- PAPR 36,4 1,50 § 0.33 1.23 89 3.4

[00112] As can be seen from data in the above table, at the same thickener use
tevel, /T modified {polyacetal polyethers) provided higher Stormer viscosity
and 1G] viscosity relative to those of the C modified {polyacetal polyether).
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EXAMPLE 19

Preparation _of _hexyl _{GsHis) modified urethane-linkage-bearing _nonionic
synthetic polymers

{00113] To a one-liter round-botiom flask, equipped with magnetic stirrer,
condenser, nitrogen inlet and a Dean-Stark separator were added polysthylens
giycol {(molecular weight ~ 8500; 200 g; 0.023 mol) and ioluene (400 g). The
resulting mixture was heated {o boiling and moisture from the solution was
azeotropically removed by distilling off about 60 g of toluene. Then the solution
was cooled to 70°C and dibutyltin didaurate (0.2 g) and hexamethylene
diisocyanate (8.4 g; 0.05 mol). The resuling reaction mixture was heated at 80°C
for 1 h under nitrogen atmosphere. Following this, 1-hexanol (4.5 g; 0.044 mol)
was added and the resulting reaction mixture heated at 90°C for 1 h under
nitrogen atmosphere.  After this, the reaction mixture was cooled to room
temperafure. Upon evaporation of solvent from the reaction mixture a waxy solid

was isolated.

EXAMPLE 20

Preparation of urethane-linkage-bearing nonionic synthefic polvmers modified
with hexyl (CeHia) and decyl (C 1pH24) hydrophobes

[00114] Example 19 was repeated using a mixture of 1-hexanol (2.25 g; 0.022
mol} and 1-decyl alcohal (3.6 g; 0.0023 mol) in place of only 1-hexanol.

EXAMPLE 24

Preparation _of anionic _polyacrylates  modified  with _dodecyt (CoHps)  and
tetradecyl {C 14H e hydrophobes

[00115] Methacrylic acid { 42.56 g}, ethyl acrylate (50.56 g), LEM-23 (15.05 ¢;
"as is”; LEM-23 is a mixture of Cy;-(ECn-MA and Cy4-(EO-MA where EO =
ethylene oxide, n ~ 23 and MA = methacrylate residue; available from BIMAX
corporation, Baltimore, Maryland), sodium fauryl sulfate {3.54 q), {- dodecansthiol
{98.55% pure) {0.12 g) and distilled water (10.97 g) were mixed together to form
a monomer mixture solution. The mixture was shaken vigorously to form an
emulsion. Then sodium lauryt sulfate (0.72 g), 2-sulfoethyl methacrylate {0.96 g),
and distilled water (249.8 g) were charged to a jacketed glass reactor equipped

with & mechanical stirrer, condenser and nitrogen et  To this mixture was
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[00116] The monomer mixture from the syringes was added to the reactor at a
feed rate of imlminute over a period of about 2 hours while the sodium
persulfate solution charged to the 20-ml syringe was added to the reactor over a
penod of 2.5 hour at a feed rate of 0.06 miéiminute. After completing the addition
of the sodium persulfate solution, the resulting polymer emuision was reaction
mixture was heated 80°C for 1 hour. Then the reaction mixture was cooled to
40°C and filtered with a 200-micron screen Nylon cloth.

{00117] The pH and solids content of the emulsion thus obtained were about
2.2 and 39.8 wi% respectively. The 1% solution viscosity of the emulsion at pH~
8.5 was 44 cps {measured at 30 rpm at 25°C). The weight average molecular
weight of the polymer, measured by low-angle light scattering method, was
302.000.

EXAMPLE 22

Preparation_of anionic polyacryiates modified with _hexadecyl (CieHsa) and
octadecy! (C1sHz7) hydrophobes

[00118] The above Example was repeated using CSEM-25/85 (18 g; "as is”;
available from BIMAX corporation, Bailtimore, Maryland) CS8EM-25/85 is a
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w{EOIN-MA and C-{(EOI-MA where EQ = athylene oxide, n ~ 25
and MA = methacrylate residue.

{00119] The pH and solids content of the emulsion thus obtained were about 2
and 258 wi% respectively. The 1% solution viscosity of the emulsion at pH~ 8.5
was 1530 cps {(measured at 30 rpm at 25°C). The weight average molecular
weight of the polymer, measured by low-angle light scattering method, was
337,000,

{00120] While this invention has been described with respect to specific
embodiments, it should be understood that these embodiments are not intended
to be limiting and that many variations and modifications are possible without
departing from the scope and spirit of this invention.
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What is claimed is:

1. A process for tailoring rheclogy of an agueous or water-borne coaling
composition comprising the steps of:

a) oblaining an aqueous or water-bome coating compaosition;

b} oblaining a system comprising

5 an amount of a first hydrophobically modified polymer comprising a
polymer backbone modified with a first hydrophobe and

i an amount of a second hydrophobically meodified polymer
comprising the first hydrophobically modified polymer further modified with a
sacond hydrophobe

wherein the first hydrophobe and the second hydrophobe are different from
gach other;

c) selecting the amount of the first hydrophobically modified polymer
relative 1o the amount of the second hydrophobically modified polymer o tailor
the rheology of the agueous or water-borne coating composition; and

d) combining the aqueous or water-bome coating composition with an
amount of the system to obtain an agusous or water-borne coating composition at
25°C with a Brookfield viscosity of batween about 1000-7000 cps at 5 sec”’ or
Stormer viscosity of about 80-130 KU and high-shear viscosity {ICl viscosity} of
about 0.1-3.8 poise at 10,000 sec™.

2. The process of claim 1 wherein the first hydrophobically modified

polymer is a water-soluble, water-dispersible or water-swellable polymer.

3. The process of claim 1 wherein the second hydrophobically modified
polymer is further characterized by the first and second hydrophobes having 1 to
40 carbon atoms and wherein the first hydrophobe has at least two carbon aloms
maore than the second hydrophobe.

4. The process of claim 1 wherein the polymer backbone of the first

hydrophobically modified polymer and the sscond hydrophobically modified
polymer are selected from the group consisting of polyacrylates, polyacrylamides,
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polyurethanes, non-urethane polysther polymers, polysaccharndes and

derivatives thereof.

5  The process of claim 4 wherein the non-urethane polyether polymers
are selected from the group consisting of an aminoplast polyethers and polyvacetal

polyethers.

6. The process of claim 1 wherein the second hydrophobically modified
polymer comprises urethanes or non-urethane polyether polymers further
COMPrising:

a) polyether segments connected by ether, acelal, kelal ester,
aminoplast and amide linkages,

b} polyether polymer chain termini are connected to two different
hydrophobe types through ether, acetal, ketal, ester or amide linkages and

¢} two terminal hydrophobes which differ from one another by at least

two carbon atoms.

7. The process of claim 6 wherein the urethanes or non-urethane
polyether polymers contains pendant hydrophobes with 1 to 40 carbon atoms in

addition to terminat hydrophobes.

8. The process of claim 6 wherein the lower imit of the weight average
molecular weight of the urethanes or non-urethane polysther polymers is about
500 Daltons.

8. The process of claim 8§ wherein the lower limit of the weight average
malecular weight of the urethanes or non-urethane polysther palymers is about
20,000 Daltons.

10. The process of claim 4 wherein the lower limit of the weight average

molecular weight of the polyacrylates, polvacrylamides, polysaccharides and
derivatives thereof is about 35,000 Daltons.
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11. The process of claim 4 wherein the lower limit of the weight average
molecular weight of the polyacrylates, polyacrylamides, polysaccharides and

derivatives thereof is about 85,000 Dallons.

12. The process of claim 1 further comprising adding to aqueocus or
water-bome coating composition with an amount of a viscosily suppressing agent
selected from the group consisting of cyclodextrins and their derivatives,

surfactants and water-miscible organic solvents.

13. The process of claim 12 wherein the viscosily suppressing agent

comprises a cyclodextrin.

14. The process of claim 13 wherein the viscosily suppressing agent
comprises a cyclodextrin selected from the group consisting of alpha, beta, and

gamma cyclodextrin.

15, The process of claim 13 wherein the cyclodextrin is selected from the
group consisting of methylated, hydroxyethylated, hydroxypropylated,
carboxymethylated, and diaminoethylated cyclodexiring and mixtures thereof.

16. The process of claim 13 wherein the cyclodexirin is added fo the
aqueous or water-borne coating composition in the range of about 8.1 ~ 10% by

weight of the aqueocus or water-borne coating composition.

17. The process of claim 16 whersin the cyclodextrin is added {o the
aqueous or water-borne coating composition in the range of about 0.5 -7% by

weight of the aqueous or water-borne coating composition.
18. The process of claim 16 wherein the cyclodextrin is added fo the

aqueous or water-borne coating composition in the range of about 1-5%.by
weight of the aqueous or water-borne coating composition,
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18. The process of claim 12 wherein the viscosily suppressing agent
comprises a surfactant selected from the group consisting of anionic, cationic,

non-ionic zwitterionic and Gemini surfactants.

20. The process of claim 19 whergin the surfactant comprises about 2-

25% by weight of the agueous or water-bome coating composition,

21, The process of claim 20 wherein the surfactant comprises abhout 4-
20% by weight of the aqueous or water-borne coating composition.

22, The process of claim 20 wherein the surfactant comprises about 7 -

15% by weight of the aqueous or water-borne coating composition.

23, An aqueous or water-borne coating composition comprising:

1.} & first hydrophobically modified polymer comprising a polymer backbone
modified with a first hydrophobe and,

i) & second hydrophobically modified polymer comprising the first
hydrophobically modified polymaer further modified with a second hydrophobe;

a latex; and water,

wherein the agqueous or water-bome coating composition, at 25°C, has a
Brookfield viscosity of between about 1000-7000 cps at 5 sec’ or Stormer
viscosity of about 80-130 KU and high-shear viscosity {IC! viscosity) of about 0.1-
3.8 poise at 10,000 sec™' and wherein the first hydrophobically madified polymer
comprises from about 0.05 to 10 wi% of the aqueous or water-bormne coating
composition and the a second hydrophobically modified polymer comprises from

about 0.01 fo 8 wt% of the agueous or water-bome coating composition.

24. The aqueous or water-bome coating composition of claim 23 wherein
the first hydrophobically modified polymer comprises from about 0.01 10 &5 wi% of
the agueous or water-borme coating composition and the a second
hydrophobically modified polymer comprises from about 0.01 to 4 wt% of the

aqueous or water-bome coating compaosition.
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25. The aqueous or water-bome coating composition of claim 23 wherein
the first hydrophobically modified polymer comprises from about 0.5 to 2 wi% of
the agueous or water-borne coating composition and the a second
hydrophobically modified polymer comprises from about .05 to 1 wi% of the
aqueocus or water-bome coating composition.

26. The agueous or water-borne coating composition of claim 23 further

comprising a pigment.

27. The agqueous of water-bome coating composition of claim 26 whergin
the pigment is selected from the group consisting of hydrated aluminum oxide,
barium suifate, calcium silicate, clay, silica, talc, titanium dioxide, zinc oxide, and
mixtures thereof.

28. The aqueous or water-borne coating composition of claim 23, wherein
the latex is selected from the group of 100 % acrviics, vinyl-acrylics, and styrene-

acrylics.

28, The aqueous or water-borne coating composition of claim 23 wherein
the polymer backbone of the first hydrophobically modified polymer and the
second hydrophabically modified polymer are selected from the group consisting
of polyacrylates, polyacrylamides, polyurethanes, non-urethane polyether

polymers, polysaccharides and derivatives thersof.

40



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims

