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ODOUR FREE IR DRY ECORATIVE LATEX PAINTS

This invention pertains to air dry emulsion paints based
10 on emulsion polymeric binders and more particularly to odour-
free, consumer latex paints free of polluting offensive

odouriferous coalescing solvents.

BACKGROUND OF THE JNVENTION

15 Paint coatings are surface protective coatings applied to
substrates, dried to form continuous films for decorative
purposes as well as to protect the substrate. Consumer paint
coatings are air-drying aqueous coatings applied primarily to
architectural interior or exterior surfaces, where the

20 coatings are sufficiently fluid to flow out, form a continuous
paint £ilm, and dry at ambient temperatures to protect the
substrate surface. A paint coating ordinarily comprises an
organic polyrheric binder, pigments, and various paint
additives. In dried paint films, the polymeric binder

25 functions as a binder for the pigments and provides adhesion
of the dried paint film to the substrate. The pigments may be

organic or inorganic and functionally contribute to opacity

.
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BAEKGROUND OF THE | NVENTION 15 Pai nt coatings are surface protective

coatings applied to substrates, dried to formcontinuous filns for
decorative purposes as well as to protect the substrate. Consuner
pai nt coatings are air-drying aqueous cgpatings applied prinmarily to

architectural interior or exterior surfaces, where the 20 coatings are
. : -

sufficiently flyh ol i a4iRin tb BRI 09 drdd HAWRess, al s&xélgﬁsn@e&céfgs
at anbient tenperatures to protect the substrat e surface. pai nt

coating ordi nagbh¥ad@MHitt9% abr no oPa@ddFyEngO/pigidicdi MG’ arb GRS bed
and various paint addi tives. ‘I'n dried paint filns, the polyneric
binder 25 fugaetiebeags @olathfigs.f or THe mgiEfHcowrys WHOViggntdieditdhgs

of the dried paint filmto the substrate. The pignents may be
involves the preparation of a polymeric binder, mixing of
5 component materials , grinding of pigments in a dispersant
medium, and thinning to commercial standards.

Latex paints for the consumer market ordinarily are
based on  polymeric binders prepared by emulsion
polymerizationof ethylenic nonomers. A typical consumer

10 latex paint binder contains a vinyl acetate copolymer
consisting of polymerized wvinyl acetate (80%) and butyl
acrylate (20%). The hardness of the latex polymer must be
balanced to permit drying and film formation at low
application temperatures, which requires soft polymer

15 units, while at the same time the polymer must be hard
enough .in the finai film to provide resistance properties
which requires hard polymer units. This is conventionally
accomplished by designing a latex polymer with a moderately
elevated Tg (glass transition temperature) but then

20 1lowering the Tg temporarily with a wvolatile coalescing
solvent. Coalescing_ ..solvents function to extermally and
temporarily plasticige‘ the latex polymer for time
sufficient to develop film formation, but then diffuse out
of the coalesced film after film formation, which permits

| 25 f£film formation and subsequent development of the desired
£ilm .hardness by tﬁe vola;_tilization of the coalescent.
Internal plasticization is based on coreaction of soft

‘monomers with hard monomers to form a polymeric copolymer
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ofganic or inorganic and functionally contribute to opacity

-2- and color in addition to durability and hardness although sone
pai nt coatings contain little or no opacifying pignents and are

descri bed as clear coatings. The manufacture of paint coatings
i nvol ves the preparation of a polyneric bignders_ m xi ng of 5 conponent
materials, grinding of pignents in a dispersant medium and thinning to

conmer ci al staﬂﬂaéeg such as $@IAX R3hPLs &&té&l@/&%ﬁpm&:ﬂﬁa@ to

ordinarily are ased on pol ymeric bi nder s prepared
enul si on OBt ¥ B t Betd D e tfMIne FodmiDGO tBaZactefibYRiceal Iﬁoasmvaér 10

| atex paint binder contains a vinyl acetate copolyner

Tg copolymer is used without a coalescing solvent, higher

levels of soft comonomer are required leading to lower Tg

5 polymer, and, hence, the final dried film would be

undesirably soft, excessively tacky, readily stain, and
readily pick up dirt.

A significant source of residual odour in latex

consumer paints is directly due to the coalescing solvent.

10 Coalescing solvents are typically linear (or slightly

branched) glycol ethers and esters of 7 to 12 carbon atoms

in length, which have boiling points typically above 200°¢,

and solubility parameters appropriate for the latex of

interest. One typical coalescing solvent ordinarily

15 contained in commercial latex paints is 2,2,4-

trimethylpentanediol monoisobutyrate (Texanol® Eastman

Chemical Co.). . The odour associated with the gradual

volatilization of this solvent is considered objectionable

by consumers. Quite often the odour lingers for days or

20 weeks after the paint is applied and dried. All useful

coalescing solvents are volatile and have similar

objectionable characteristics. An additional deficiency in

conventional exterior latex paints is the deqline in crack

resistance of the dried paint £ilm approximately

25 proportional ﬁo the evaporation'of the coalescing solvent.

While better coalescing solvents have a retention time of

Has Been Replaced

i i



¢nsi sting of polynerized vinyl acetate (80% and butyl acryl ate

(20% ). The hardness of the |atex polynmer nust be bal anced to permt
drying and filmformation at | ow application tenperatures, which
requires soft polynmer 15 wunits, while at the sane tinme the pol yner
nmust be hard enough in the final filmyto provide resistance properties
which requires hard polymer units. This is conventionally acconpl i shed

by desi gni ng bt e¥nBO WIERY i.’htarieHDS)%&"i‘iterlms, ebf&ék@ﬁgel;&aﬁt@! A5

transition tenperature) but then l owering the nporarily with

a volatile coppbeeessbvely é?bé&ﬂtaftE?abﬁécy@ﬁrsQbV@&E%dW#HEnﬂNIiIhs.
externally and t enporari pl asticize the | at ex pol yner for

time suf fHehe®} droy @q\&@:heiaﬁndmbffoaaaleeamgu:sowéﬁtdIairfxdlsatmﬁdant of
the coal esced filmafter filmformation, which pernlts
objectionable odours, along with air pollution caused by
5 wvolatile organic compounds (VOC), and £ilm cracking
deficiencies would represént both a technical and marketing
advance in the state of the art of consumer latex paints.
In polymer technolbgies_unrelated to air-dry wvinyl
acetate latex paints, preformed polymers have been
10 dispersed into monomers and emulsified in water, whereupon
the monomers are then polymerized, such as disclosed in
U.S. 4,373,054 pertaining to cathodic electrocoating, or in
U.S. 4,313,073 pertaining to alkyd prepolymers; U.S.
4,588,757 pertaining to laminating adhesives, or in U.S.
15 3,953,386 and U.S. 4,011,388 pertaining to aqueous emulsion
blends containing.cellulosic ester/acrylic polymers.

- It now has been found that certain non-volatile
softening oligomeric modifiers compatible with an aqueous
emulsion addition copolymer binder in a consumer latex

20 paint can be retained in the dried paint film permanently.
Accordingly this invenfion. provides an aqueous air-dry
coating composition iﬁcluding an emulsion polymerised
polymeric binder having a Tg below 20°C which binder
contains an addition éopplymef' of aqueous polymerised

25 ethylenic monomers wherein the binder alos contains 3 to

70% of a polyurethan and/or a polyester softening oligomer

L]
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filmformation and subsequent devel opnent of the desired film

hardness by the volatilization of the coal escent. I nt erna
pl asticization is based on coreaction of soft nononers with hard
nononers to forma polyneric copol yner bi nder, such as 80/ 20 vinyl

acetate/butyl acrylate, to 5 -5-
obtain the desired filmform ng characterTstics. If a |ower

copol ymer i s fisiid i 3‘% Y DhEh é@ﬂafgd,afgﬁt BéPQSén 20 ﬁﬁe'z% Yoosof t

conononer are require

ng to ower ner, and

final dried figdgnavey hbdlow -20°C and wherein the oligomer modifier is

10

i5

20

25

present in the aqueous composition in a micro-emulsion of
droplets having a droplet size of less than 10 microns.
Softening oligomer modifiers of this invention can be
incorporated into the paint where the oligomer will be
retained permanently in the final paint film. Hence, the
paint will not generate an odour while drying nor emit a
residual odour from the dried paint film or otherwise emit
VOC’s. The 'softening oligomeric modifiers of this
invention externally modify the emulsion copolymer matrix
polymer and are not coreacted with the emulsion copolymer
polymeric binder. The softening oligomeric modifiers
appear to function by a chain-spacing mechanism to soften
the matrix copolymers whereby the oligomeric modifiers
provide low temperature f£ilm formation and tack-free films
less prone to -sdiling at a given hardness and/or
flexibility than ordinarily possible. Particularly
preferred emulsion copolymer matrix polymers comprising
polyvinyl acetate copolymers. A further advantage of this
invention enables the use of essentially all hard polymer

units of polyvinyl acetate without the need for internal

plasticization (coreaction) with soft butyl acrylate

polymeric units.
The present invention is based on a softening

oligomeric modifiers having a low and narrow molecular
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% undesirably soft, excessively tacky, readily stain, and readily pick
up dirt. A significant source of residual odour in |atex
consuner paints is directly due to the coal esci ng sol vent. Coal esci ng
solvents are typically linear (or slightly 10 branched) glycol ethers and
esters of 7 to 12 carbon atoms . in lepgth, which have boiling points
typically above 200[err]C, and sol ub Iif?'paraneters appropriate for

i Rt i B e o A
tri t hyl t | |
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solvent is cqf Q?%?qgﬁ§é§$ifﬁéfféaﬂiﬁder hQ¥eC°“§EEEE§F§d§%%ﬁ§g§Tandaﬁ%fed_

odour lingers Per=the pai nt
Al useful  pon-volatile oligomers having a molecular weight between

5 about 300 and 10,000. Lowéf molecular weight compounds
tend to be volatile and cause excessive plasticizer
migration while higher molecular weight polymers lose low
temperature film-forming and softening effects, although
molecular weights above 10,000 and in some instances up to

10 20,000 can be used with softer matrix polymers.

According to a preferred process of this invention, a
low molecular weight oligomer can be surprisingly dispersed
by high shear into water under heat and pressure to provide
a submicron emulsified aqueous mixture of oligomer stably

15 dispersed in water. The micro-emulsified mixture in turn,
can be readily mixed with various emulsion latex polymers
to provide a stable mixture of dissimilar emulsions. It
was found that micro-emulsions of oligomer in water having
an average droplet size less than about one micron enable

20 the oligomer particle to‘ migrate out of the oligomer
droplets then through the aqueous phase and into
surrounding latex polymer particles if the oligomer is
sufficiently low molecular weight oligomer. The lowest
molecular weighﬁ oligomer particles move faster due to

25 micro small size and have a small but finite'éolﬁbility in

water. A medium range molecular weight fraction of the low

'"‘ﬂﬁ‘iiﬂ‘li‘iilﬁifi‘umn



0 coalescing solvents are volatile and have simlar
obj ecti onabl e characteristics. An additional deficiency in

conventional exterior latex paints is the decline in crack resi stance
of the dried paint film approxinmately proportional to the
evaporation of the coal escing solvent. 2 Ny | e better coal escing
sol-vents have a retention tine of about one year in dried paint filns,

o1 001 eosi vel Y AARAT, 1RITBE, ShgoRere, pave, throush the watgz rasg
eli”ination‘ﬁnéamiﬁ@Ciaﬂeiobéﬁ%H%fggjéﬂt£”§§8ﬁér rate extending over
several hours or even a few days. The higher ﬁolecular
weight fraction of the low molecular weight oligomer have
5 essentially zero solubilityffﬁ water and invariably remain
within the oligomer emulsion droplets until a paint £ilm
dries, at which time these oligomer particles physically
contact the 1atex'particles and eventually migrate into the
latex polymer particles during drying.

10 According to a desirable process of this invention, a
compatible organic solution of oligomeric modifier in
ethylenic monomer can be subjected to high energy shear to
prepare a sub-micron -size organic phase dispersed into
water. Subsequent polymerization of the micronized monomer

15 droplets produces a softened modified latex very different
from conventional emulsion -or suspension polymerization
polymers. The micro aqueocus suspension polymerization is
generally necessary with the oligomeric modifiers to
accomplish the required sub-micron agqueous emulsification

20 of the monomer containing the dissolved oligomeric
modifier, since the. oiigomer will not readily diffuse
during polymerization from particle to particle across the
agqueous phase.

The principal é4vantage of this invention is the

25 elimination of the odour-aﬁd VOC associated with volatile

coalescent solvents which are intentionally volatile and
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dbj ecti onabl e odours, along with air pollution caused by vol atile
organi ¢ conpounds (VOC), and film cracking deficiencies woul d represent
both a technical and marketing advance in the state of the art of
consuner |atex paints. - In polynmer technologies unrelated to
air-dry vinyl acetate |latex paints, péef0éned pol ymers have been

di spersed into nmononers and enulsified in wat wher eupon 10 the
nononers are ri c S s se 73,0

g ﬁ'ﬁ% §y€8 egﬁ.'at,sé' Bu@ o2 I(Elll% Qrﬁag paé#{g?) fé.}g\ ¥h

pertaining to ca | ¢ el ectTocoating,
pertaini ng prégyg s I NG 4t
| am nating a ‘aéig.{%\}lggﬁl Jy%é pgrg‘gﬁng% andaH'?]ggd ega%th Tilhs

per tai ni ng t@;aﬁqbq@tﬁgergﬁp%ﬂrbr %uéﬂﬁ‘é@é G964 £hoh nghf@h%ﬂ' RAECuse of
ester/acrylic polyners. now has been found that certain

non-vol atil ea hard gdlqmlrtquolacgaf@ie ALk | go3yReFPBALAhEeH WA LAN tHIeous

5 oligomeric modifier to accommodate softening through the
external addition of softening modifier while retaining the
desired dried f£ilm hardness. A further advantage pertains
to lower net cost for both interior and exterior paints
since high cost soft monomers can be avoided, volatile

10 coalescing agents can be éliminated and binder volume can
be increased byuusihg a permanent non-volatile softening
oligomer instead of a.volatile coalescent. The resulting
dried paint films exhibit-a-superior balance of hardness
and flexibility while_maintaining long term flexibility.

15 These and other advantages of this invention will become
more apparent by referring to the detailed description and

illustrative examples.
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ghul si on addition copol yner binder in a consuner | atex pai nt can be
retained in the dried paint filmpermanently. 20 Accordingly this

i nvention provides an aqueous air-dry coating conposition including an
enul si on pol yneri sed pol ymeri c binder having a Tg bel ow 20[ err] C whi ch
bi nder contains an addition copol yner of aqueous pol ynerised

et hyl eni ¢ nononers wherein the binder al s8 coftains 3 to 70% by wei ght

of an oligomner ' 1kedﬁ, s\ﬁﬁ(‘ ed t'_dé’ﬁa pol yur et hane, a pol yester, a

chl ori nat ed Fhotr—atttr- ot SNt oY | nat ed fatty acid or fatty acid

ester. " the gl VP! (RMI{] Lo P U L SIS AU HRISRTRO0

contains an oligomeric modified binder of polymerized
ethylenic monomers to provide an aqueous emulsion addition

5 copolymer binder externally modified with a non-reactive,
low molecular weight,'eompatible oligomer selected from a
polyester-urethane -cepolymer, a polyether-urethane

- copolymer, a polyurethane-urea copolymer, a polyester-
amide, or a polyester, where between about 1% and desirably

10 between 3% and 70% bfj weight of the binder comprises
softening oligomer. Preferred emulsion addition copolymers

comprise vihyl acetate'¢opolymers.

In accordance with the preferred process of this
invention;'lowrmolecular'weight oligomer having a preferred

15 number average molecular weight between about 300 and 5,000
is stably dispereed.into water assisted with surfactants by
heating a mixture of oligomer and water containing by
weight between about 40% and 70% oligomer at temperatures
preferably between ebout 45°Cc  and 60°C, and then

20 micronizing. the heated' oligomer water mixture under
substantial shear to:provide the stable microemulsion of
oligomer dispersed: aqueous emulsion having an average
microemulsion dropleﬁ size less than about ten microns.
The resulting oligomeric preformed microemulsion can be
25 Dblended with a_widé_vériety of-vinyl acetate or acrylic-

latex polymers to'provide a polymeric binder for paint

"This Sheet Has Been RTilaoed




and a Tg bel ow -20C and wherein the oligoner nodifier is present in the

aqueous conposition in a mcro-enul sion of dropl ets having a dropl et
size of less than 10 m crons. Softening oligomer nodifiers of this

i nvention can be 5 incorporated into the paint where the oligonmer will
be retai ned permanently in the final paint film Hence, the pai nt
wi |l not generate an odour while drying entl a resi dual odour from
the dried paint filmor otherw se em't VOC' s. The softening

oligomeric MORYY¥/ of this 10 invention externally nodify the

enul si on copol yrrerIrpatar%%?%rﬁeol AL TS a'rgi %e{p%%fé);?ﬁ%%g%é&t& t q__ is

enul si on copol yner rTc bi'nder.™ . . oneri
modifiers 5 AnRRAToY O éw%mn&v?&ﬂp% | SV B 'oi@oc;{/&nc?%ofﬁa%"
the matrix copol yners whereby the oligoneric ditrers provi de |'ow

tenperature f JpdrarpRld atn@Rd hiekabetRolbbl®ar weight between 300 and
5 10,000 and is effectively dissolved in ethylenically
unsaturated monomer to form a .compatible organic mixture

before forming the aqueous emulsion addition matrix polymer

containing between 3% and 50% by weight oligomer. The

organic mixture is diépersed into water by high shear,

10 whereupon the ethylenic monomer is polymerized to produce

a stabilized latex conta-ining the low molecular weight

oligomeric modifier.

DETAILED DE_SCRIPTION OF -.THE INVENTION
The air-dry emulsion paint of this invention comprises
15 an emulsion polymer comprising an aqueous emulsion addition
copolymer polymeric binder containing a non-volatile
oligomeric modifier.
Suitable oiigomeric modifiers in accordance with this
invention compriée.low molecular weight oligomers including
20 urethanes cionsisting ~of polyester-urethane copolymers,
polyether-ure_tha‘ne _'Copdlymers, polyurethane-urea
copolymers; polyester polymer comprising polyester-amides
and polyester polyme'rs. The foregoing softening oligomeric
modifiers funct_ion. as __effectivé external modifiers for
25 latex emulsion pa'-int's,'_:_ and .particﬁlarly for the preferred

polyvinylacetate"_binder for interior latex paints.
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had

l.ess prone to soiling at a given hardness and/or flexibility than

ordinarily possible. Particularly preferred enul si on copol yner
matri x pol ymers conpri sing ~ pol yvinyl acetate copolymers. A further
advantage of this 20 invention enables the use of essentially all hard
pol ymer units of polyvinyl acetate without. the need for internal

pl astici zation (coreaction) wth softlﬁmﬂﬁﬁ' acryl ate pol yneric

O e o £ SRS B KO BARoh Lo AR e et Pl 7P,
where the Ol'%%&% 551Q851§9b5$858ﬂ£|yrange between about 200 and
20,000, preferably -between 300 and 10,000 and most
preferably ' between 300 and 5,000. A preferred

5 characterization of'the oligomer modifier is in units of
degree of pqumerization (DP Units) which refers to the
repeating monomer unitslwithout regard to molecular weight
although the molecular weight is maintained relatively low

as indicated. DP units defines the approximate chain

10 1length of the oligcmers_without regard to side units. The
oligomeric modifier of this invention should have a DP
between abouﬁ 2 and 100, preferably between 2 and 50 and
most preferably between 2 and 20 DP units. Useful oligomer
modifiers have low Tg’s to sufficiently impart a

15 plasticizing effect on the matrix emulsion copolymer.
Useful Tg’'s of the oligomeric modifier measured by
Differential Scanning Calorimetry (DSC) at 10°C/minute scan
rate are lees than -200, preferably less than -40°Cc and
most preferably. belo# -50°C. The level of oligomer

20 modifier needed can vary considerably in the final latex.
The level required  depends on the inherent softening
efficiency of the oligomer'(estiﬁated by its Tg) and the Tg

of the matrix (pareﬁt) éolymer. The Fox equation is useful

for estimating Ehe level needed:

25 1/Tg (mix) = (Wb/Tg' ) + (Wﬁ/Tg' m)
where Tg (mix)= glass transition temperature of the

uuuihi‘iiﬁii‘ i



et

di ffuse out of the matrix polynmer when properly dispersed into the

pol yneri c binder phase. Preferred oligoners are non-vol atil e oligoners

havi ng a nol ecul ar wei ght between - about 300 and 10, 000. Lower

nol ecul ar wei ght conpounds 5 tend to be volatile and cause excessive

pl asti ci zer m gration whil e higher lLecul.ar wei ght polynmers |ose |ow

tenperature filmformng and softening effect al t hough nol ecul ar

W th sof fer mair Sogoi”‘SﬂELQ ""10 ﬂﬁfﬁ%ﬁ‘é? Bt@’n“ge’i (higLA Oﬁéﬁ‘“ﬁg&éﬁg o

I:Ilhlsf)elrg\egnt o by %:gh slhear - ?ﬂq&g ar§ dneg%ng%%rz%eigjlrje 0 pr VI de

a subm cron emul sified aquewﬁégure Qﬁdol | 98&?.@0?&&1&’ modifier,
‘respectively;

5 Tg’ p ; Tg‘ m = glass transition temperature of the
parent (matrix) polymer and the oligomeric modifier,
respectively.

Thus, the level of oligomeric modifier required is directly
related to the Tg of the parent matrix polymer, and
10 inversely related to the Tg of the oligomer. Hence, the
lower oligomer Tg will:more efficiently soften the emulsion
addition matrix pdlymer provided the oligomer and matrix
polymer are compatible.
Compatibility of a.polymeric mixture is commonly said
15 to exist when_the mixture remains substantially optically
clear, which indicates the two components are mutually
soluble. In.this invention, compatibility is intended to
mean that the oligomeric modifier is soluble in the matrix
polymer in the solid state. Complete compatibility is
20 believed to exist when these conditions are met: in the
solid state the mixture has a Tg (DSC, DMA) intermediate
between the Tg’s of the two components; the absence of
component Tg transitions; the mixture Tg is smoothly
dependent on 1evel_of_modifier; and the mixture Tg follows
25 a mixing rule such as the Fox eguation. Tg’s of mixtures

depend on the Tg'’s of the-two components, concentrations of
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di spersed in

readily m xed with various enmul sion | atex pol yners

m xture of di

ol i gonmer in water having an .average dropl et size |less than about one

water. The mcro-enulsified mxture in turn, 15 can be

to provide a stable

ssim | ar emul sions. It . was found that m cro-emnul sions of

m cron enabl e the oligoner particle to Q%?rate out of the oligoner

droplets then through the aqueous phase

pol ymer parti
ol i goner.
due to

water. A nedidh1ﬁ5

surroundi ng | at ex

20

les jf the, ol fficiently | | h
j |o Ee it o298 oRoRY g%ﬁéﬁga?%ﬁ”eﬁﬁ%oiétw“%s?eﬁ

ecul 50, GBI | AR TR Lo, 7

wei ght ol | gOIReIRNE 1P skl B SEorifiiént s .
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20

25

In accordance with this invention, low molecular
weight polyurethane oligomers sﬁch as polyester-urethanes,
polyether-urethanes, polyether urethane-urea copolymers,
and.polyester'polymers.including'polyester-amide copolymers
can be utilized as -éitérnal softening oligomers in the
polyvinyl acetate binder matrix polymers. Useful
polyurethane“copolymefs'typically contain urethane groups
in the polymer'backboné'ahd are produced by reacting excess
equivalents of diol or polyol with lesser equivalents of
di- or polyisocyanate. . The polyisocyanates can be di- or
triisocyanates such as for example 2,4- and 2,6- toluene
diisocyanate, phenylene diisocyanate; hexamethylene or
tetramethylene diisocyanate, 1,5-naphthalene diisocyanate,
ethylene of' propylene diisocyanate, trimethylene or
triphenyl or triph'ehylsulfone triisocyanate, and similar di-

or triisocyanates. The polyisocyanate can be generally
selected from the group of aliphatic, cyclo-aliphatic and
aromatic polyisocyvanates such as for example hexamethylene
1,6-diisocyanate; .isophorone diisocyanate, diisocyanate,
1,4-dimethyl gyclohéxane, diphenylmethane<iiisocyanate 2,4-
toluene diisocyanaté,_2,6-toluéne diisocyanate and mixtures
thereof, pdlymethyleﬁg_polyphenyl polyisocyanate.

Polyeéter-uréthanesh can be produced from diols
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~7- into the latex particles at a slower rate extending over

several hours or even a few days. The higher nol ecul ar wei ght
fraction of the |ow nol ecul ar wei ght oligonmer have essentially zero
solubility in water and invariably remain 5 within the oligomer enul sion
droplets until a paint film dries, at, which time these oligoner
particles physically contact the Iatéﬁ’pé¥ Tcles and eventually mgrate

dosi rabl e pr SRR NS BYoROkH (BRRCEEOEEY PRABrer. otymeee PSR Thn of
ol gorter i ¢ 1y {LgfeP4onal %&ﬂﬁ%&é&%@%oi%&’?zé@bﬁctteedcrhﬁqtug‘

ener gy shea
from the common dicarboxylic acids and dihydroxyl

functional reactants. Suitable carboxylic acids include
5 adipic acid;'succinid acid and anhydride, azelaic acid,
maleic acid and anhydride, and other aliphatic carboxylic
acids. Aromatic.dicarboxylic acids include isophthalic
acid, phthalic acid and anhydride, terephthalic acid,
trimelitic anhjdride aﬁd the like. Lesser amounts of mono-
10 functional acids can be.included, such as benzoic acid, 2-
ethylhexanoic acid,.iif desired. Suitable dihydroxy
functional materials-inC1ude ethylene and propylene glycol,
dipropylene-glycol,,diethylene glycol, neopentyl glycol,
trimethylol propane,-ahd.lesser amounts of mono-functional
15 alcohols such as benZyi.alcohol and hexanol, if desired.
Polyester prepolymers'afe generally prepared with excess
hydroxyl functionality;at molecular weights ranging from
about 100 to 10,000 preferably about 200 to 2,000.
Poiyester prepolymersfcan be used alone or in combination
20 with polyethers as hydroxyl functional prepolymers.
Suitable hydroxyl functional polyether prepolymers include
polyethylene oxide, -poiypropylene oxide, polybutylene
oxide, and tetramethylene oxide where the polyether .
prepolymers have a_molecuiar weight between about 100 and
25 10,000. Pfeférred polye;hers uséd-in the preferred process

have a number average molecular weight between about 300
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prepare a sub-m cron size organi c phase dispersed into wat er .

Subsequent pol ynerization of the m cronized nononer dropl ets produces
a softened nodified |l atex very different 15 from conventional emul sion or
suspensi on pol ynmeri zation - pol yners. The m cro agueous suspensi on
pol ynmeri zation is . generally necessary with the oligoneric nodifiers to
acconplish the required sub-mcron aqueod%seﬁﬁﬁéification of the
nononer contain'ng é@ﬁ di ssol ved oligoneric 20 nodifier, since the
ol i gomer wi | 1333t 7t tly diffuse during polynerization fromparticle

Lo P o e oSkl o1y BUER ) B3 o veppey, PR Brd VAL S°
W th volatilere2or £, £6A 581 158bYEALE MELC JaFafick " tHY 1P ymtlePdd & and

molecular Weight of about 200 to 20,000 and preferably
5 between 300 and 10,000, and most preferably between 300 and
5,000, to form.polyester.or'polyether urethane oligomers of
this inventidn. Diiso#yanates are used preferably at an
equivalent ratio of about 1 isocyanate group to 1.1 to 10
hydroxyl groups.. Ratibs of about 1.5 to 3 hydroxyl groﬁps
10 per isocyanate group are  preferred. Preferred
diisocyanates include +toluene diisocyanate, isophorone
diisocyanate, 1,6-hexane diisocyanate, diphenylmethane
diisocyénate, ~and the like. Catalysts such as
dibutyltindilaﬁrate, tin oxide and the like can be used to
15 increase the isbcyanate reaction rate with the hydroxyl
polyester or polyether prepolymer at temperatures of about

30 to 120°C and preferably at about 70° to 100°c.
The polyester or polyether urethane copolymers can be
further extended with diamine or polyamine, if desired, to
20 produce polyurethane-urea copolymer useful as a softening
oligomer mcdifier"in' polyvinyl acetate binder matrix
polymers in accordance with this invention. In this
regard, primary'diamine or polyamine can be added to an
isocyanate terminated'poiyurethane intermediate containing
25 unreacted pendant or terminal isocyanate groups obtained.by

reacting excess equivalents of isocyanate relative to
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i.ntended to mgrate out of the dried paint film An

- 8- additional advantage pertains to dried paint filns

exhi biting superior toughness obtained through the use of a hard

pol yvi nyl acetate matrix polyner~balanced with the ol i gonmeric nodifier
to accommodat e softening through the dﬁé %ga addi ti on of softening
nodi fier while retaining the . desire filmhardness. A further

cdvert e Dehioer SRSt SPTIler BMIGAPLE! O TSl
coal escing agﬁf@ﬁofﬁﬁei’é. el 'irHia“B&Eﬁa@?dd%ﬁt‘iﬁ'ésv‘ljéé'ﬁl%&eact with the
isocyanate functional intermediate to chain extend the
polyurethane'to a polyufethane-urea of a higher molecular

5 weight. Alternatively amine can be prereacted with the
diisocyanate prior to reacting with polyol. Suitable

primary amines for chain extension include hexamethylene

diamine, 2-methyl-pentanediamine and similar aliphatic

diamines. PolyeSter'andfpolyether urethane copolymers or

10 polyurethanes extended With diamine to form polyurethane-

ureas exhibit excellent compatibility with wvinyl acetate

monomers as well es':the resulting polyvinylacetate

polymers. Polyﬁrethane"intermediate molecular weights

before chain extension can be between 400 and 10,000 while

15 after chain extension with the diamine the final molecular

weight of the pdlyurethane-urea can be between about 800

and 20,000. Preferred'poiyurethanes used in the preferred

process exhibit intermediate molecular weights before chain

extension .between 200 and 2,000 with chain extended

20 molecular weights between-BOO and 5,000.

A particﬁlarly pfeferred non-reactive oligomer useful
as a softening oligomer modifier in this invention
comprises a polyester polymer. In accordance with this
invention, a low molecular weight ester or polyester can be

25 dissolved _in. the ethylenically unsaturated monomer,

suspended in water, and the aqueous suspension micronized
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10 be increased by using a permanent non-volatile softening ol i gomer
I nstead of a volatile coalescent. The resulting dried paint filns
exhi bit a superior balance of hardness and flexibility while
maintaining long termflexibility. 'These and ot her advantages of this
invention will becone 15 nore apparent b reigrrlng to the detailed
description and il lustrative exanp Ies

9 SWIRRY CF I LNVENILON, of the mofShEIAY Slgedl "alyestaLsi Or

pai nt of thi
oligomers comprise esterification reaction products of

diols with dicarboxylic acids or a functional equivalent
with minor amounts of poiyol or polyacid if desired, to
5 produce a low acid number polyester polymer. Suitable
esters and polyesters for blending have molecular weights
between about 200 and 20,000, preferably less than 10,000,
and include the linear.and branched esters and polyesters
formed from saturated dicarboxylic acids such as adipic
10 acid, glutaric acid, succinic acid, and other such linear
aliphatic acids,.acid'anhydrides, and lower alkyl esters
thereof; phthalic' acid, isophthalic acid, trimellitic
anhydride, and other aromatic acids, acid anhydrides, and
lower alkyl esters thereof; monoacids such as benzoic acid,
i5 2-ethylhexan6ic acid and other aromatic and aliphatic
acids, which if desired, may be used in minor amounts to
end cap and limit mblecular weight. Minor amounts of
unsaturated dicarboxylid acids such as fumaric or maleic
acid can be includéd, if desired, to enhance grafting with
20 polymerized efhylénic monomers, which promotes
compatibility-and permanence of the oligomer in the matrix
polyvinyl acetate polymer.
Diol functionai materials include diethylene glycol,
neopentyl glycol; 2-methyl pentane diol, ethylene glycol,
25 butylene glyéol, propyléne'glycol, dipropylene glycol and
the like; or mono#func;ional glycol ether groups, such as
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contains an oligoneric nodified binder of polynerized et hyl eni c
nononers to provide an aqueous enul sion addition. 5 copol yner bi nder
externally nodified with a non-reacti ve, | ow nol ecul ar wei ght,
conpati bl e oligonmer selected froma pol yest er - ur et hane copol yrer,

a pol yet her - ur et hane - copolyner, a $Iy§§ethane-urea copol yner, a

pol yest er - am de, a polyester, a chlofinated aliphatic hydrocarbon and

desi rably betiben Bt idalbss ohubli oerBiepR, BRiGERe" 10eso ds sad s
sof teni ng ol 'Qg&% Pé@‘fiﬁér%ﬁc?x”‘é'ss'%ﬁ:@f’é"égi’&' and E%g%' U6 £€
vi nyl acet ate topolyners. - n accordante w't € preferred

e sen |G G BUPLICU B IR, SLOGEIE O,
and pentaerythritol._-Acids can be used in carboxyl form,
5 anhydride form, or an ester'fOrm,.such as the methyl ester .

form, with.the above diols to form linear and branched
polyesters desirably having an Acid No. below about 20, and

a molecular weight between 200 and 20,000, desirably"
between 300 and 10,000, and preferably between about 300

10 and 5,000. Polyesters of diethylene or dipropylene glycol
with adipic acid are preferred. The low molecular weight

esters and polyesters.lower the Tg of the blend and can
eliminate the need for expensive comonomers such as butyl
acrylate. Thus, low molecular weight esters and polyesters

15 can be effectively used tp provide excellent, non-tacky,
paint films without-ﬁhe inclusion of coalescing solvents.
Polyester'amide-dligbmeric modifiers are formed by the

reaction of diols and diamines with dicarboxylic acids or
esters. In a preferred process, methyl esters of adipic,

20 glutaric, isophthalié or other common dicarboxylic acids

are transesterified with:diols and diamines at about 150°C

to 250°C in the presence of common esterification catalysts
such as butylstanoic acid; Typiéally greater amounts of
diols, such'és diethylene and dipropylene glycol, neopentyl

25 glycol and the like afe"used_ with lesser amounts of

diamines,  such | as | 1, 6-hexanediamine, - 2-methyl

ARAHERW
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s stably dispersed into water assisted with surfactants by heating a

m xture of oligonmer and water containing by wei ght between about 40%
and 70% ol i goner.at tenperatures 20 -preferably between about 45[err]C
and 60[err]C, and then m cronizing the heated oli gomer water mxture
under substantial shear to provide t stfg)l e m croenul sion of

ol i goner di spersed aqueous enul si on havi an aver age m croemul si on
dropl et size rbnﬁ’:ﬂpé’t ' r 2
preformed m I’OEITUI%SI on can lg’tge%h@ gf)gxﬁggdc%é%ﬁhﬁm[ﬁ%% (/é rqget wdrﬁc/l

acetate or aGpild%). Lesser amounts of-monoac1ds, monoesters, alcohols
and amines, or polYacid,' polyols, or polyamines can be
added, if desire_d.'. |
5 In accordance with preferred aspects of this
invention, it has been féurid that very low molecular weight
oligomer modifier can be dispersed into water under high
shear at temperatures bet_:ween about 20°C and 100°C and
preferably between about 45°C and 60°C, where the oligomer
10 weight percent and :the_ oligomer weight in the resulting
emulsion is 'betweeﬁ abo'ut_ 40% and 70% by weight and most -
preferably between 'abouﬁ- 55% and 65% by weight oligomer.
It has been found that high .shear of the oligomer in water
under these parametéfs produces micronized emulsion
15 droplets haviﬁg a micronized particle size below 10 microns
will enable the low molecular weight oligomer to diffuse
from the preformed emulsion into a preformed latex emulsion
polymer. Preferred microemulsions have an average particle
droplet sizé_' between 0.1 and 1 micron. The rate of
20 diffusion increases considerably by small preemulsion
particles where the rate of diffusion is particularly fast
and efficient for prefqmed emulsions having a particle
size preferably b'_etweéri 0.1 and _1'micron. It has been
found that efficient and c;omplété diffusion of the low
25 molecular weighﬁ oiigonier p‘ar_tiél_es_ can be achieved with
preferred Su'bmicron_"emu_lsion pai‘ticles, whereby oligomer
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+10- . | at ex polyners to provide a polyneric binder for paint

coati ngs.

In accordance with a desirable process of this

i nvention, the | ow nol ecul ar weight softening oligoner has 5 a preferred
nunber average nol ecul ar wei ght between 300 and 10,000 and is

effectively dissolved in ethylenically

turated nononmer to form a

un
conpati ble organic mxture ~ before for%?néaﬁﬁe aqueous enul si on addition
The

T O Y M ehresent OBhBELIEnbeLYATR o100

10 organic m

gﬁ&g&%ﬁ%g@thQ%éﬁigg'to

ure Is Sperse

€reupon the

ethyl enic mONgYBIal SnoLuaThAT] chRiRhad Sinich duy ANdUZEdtah Yigner

contai ning the [ow nofecu

r welg ol 1 goneri c no I er.

DESCRI PTI ON qﬁoi@ﬁhiéyszﬁgﬂt_residues that could not readily diffuse

10

15

20

25

into the latex matrix polymer particles. Accordingly, it
has been found that oligomer having a more preferred number
average moleéular ﬁeight_below 1500 and most preferably
between 500 and iooo-not only increase the gquantity of
oligomer'diffusion,.but increases diffusion efficiency into
the latex matrix particles and advantageously avoids tacky
film forming polymer_binders. Thus, direct micronized
emulsification of the oligomer into water enables the
micronized preemulsioh_to be easily blended with a wide
variety of latex emﬁlsion1matrix polymers. The resulting
diffused oligomer modified latex matrix polymer comprises
a plasticized latex emulsion polymer containing modifying
oligomer but contains-ﬁo volatile organic matter. Paint
films are capable of_achieving both low temperature film
formation below about '10°C and tack free surfaces at
ambient rooﬁ temperatﬁre air dry conditions.

In accordance with this aspect of the invention, the
three-dimensional'solubility parameters of the oligomeric
modifier must match well with that of the latex polymer in
ordér for plasticization to occﬁr, which may describe a
boundary for this invention in term of hydrophobicity. For
example, a butyi écrylate/styrene-copolymer latex would

require a much more hydrophobic: ‘modifier than a vinyl
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15 The air-dry emul sion paint of this invention conprises an
enul si on pol ynmer conprising an aqueous enul sion addition copol yner

pol ymeric

bi nder containing a non-volatile ol i goneric nodifier.

Suitable oligoneric nodifiers in accordance with this 20 invention

conprise |ow nol ecular weight ol igonmers includ ng

of pol yester-urethane copol yners, . pol*yet hér - ur et hane copol yners,

pol yur et hane- . pol yeste |y coaplih§i
Hidhre MGRPITEREE, P) VIR TEubR,) TRt CIRIITERS, of | the

pol yest er-am

ol i goneric

oL TR+ £ SmbdPELEPN £BS AiffREd ersntt €h8 ahig%bhh%aoho to

| atex emul sion paints, and particularly for the preferre

10

15

20

25

the 1latex polymer should decline with decreasing
hydrophobicity. This ¢ould be counteracted to some extent
by reducing moleculaf weight although oligomeric molecular
weight above about 360 are needed to maintain permanency
and zero VOC conditions. Preferred oligomers are non-
volatile oligomers havihg a molecular weight between about
300 and 5,000. Lower molecular weight compounds tend to be
volatile and cause excessive plasticizer migration while
higher'molecular'weight polymers lose low temperature film-
forming and softeniné'efiects.

The oligomef preemulsion can be formed in accordance
with the preferred process of the invention by forming a
normally incompatiblé mixture of water and oligomer
comprising between aboﬁt 40% and 70% by weight oligomer.
The oligomer.can be_suspended in water with mixing to form
a coarse suspension -using the common latex surfactants or
stabilizers, such as the sulfosuccinates, the sulfates,
various etholeatéd'phenols, and the 1like. The coarse
suspension is then micronized under very high shear to very
fine particle size emulsion droplets of average size of
less than 10 microns, preferably less than 1 micron, and
most preferably less than 0.7 micron. High mechanical

shear and/or ultrasound;as well as other high shear devices

can be used to form the microemulsion. Grinding the
T

ur et hanes consi sting



<11- pol yvi nyl acetate binder for interior |atex paints.

Useful non-volatile oligoneric nodifiers have a nunber aver age

mol ecul ar wei ght range between about 200 and 20, 000, preferably

bet ween 300 and 10,000 and nost . 5 preferably between 300 and 5, 000.
A preferred characterization of th liggmer nodifier is in units of
degree of polynerization (DP Units) which refers to the repeati ng

oo ot "we DS AELE sSSPt aSLO pixcufd e it e,
Jo/ LGS e, SPsREmRCReRy mecnea! o1y fosiiige il s MHASLa(aR0LY,

a DP Suitable surfactants are used at about 0.1% to 5% by weight

(based on solids) and'inéludé the nonionic surfactants such

5 as wvarious ethoxYlated phenols, block copolymers of

ethylene oxide and'propylene oxide, anionic surfactants

such as sulfosuccinates,.sulfates, and sulfonates, and the

like (sulfosuccinates such as hexyl, octyl, and hexadecyl

sulfosuccinate are preferred). Suitable surfactants

10 include the various sulfosuccinates such as hexyl, octyl,

and hexadecyl.sulfosuccinéte, the various alkyl and alkyl-

aromatic sulfates and sulfonates, as well as the various

nonionic ethylene oxide surfactants. In accordance with

this aspect of thé_invention, the modifying oligomers are

15 dispersed into water and micronized into a microemulsion,

whereupon the'oligomertmidro~preemulsion can be mixed with

a preformed 'emulsioﬁ latex copolymer of copolymerized

ethylenic monomers.

In adcordance with another aspect of this invention,

20 the oligomers.can be s@lubilized in ethylenic monomer, then

dispersed into water and micronized into a microemulsion.

The ethylenic monomers are then polymerized to produce a

polymeric bindei-éomprising emulsion polymerized ethylenic

monomer. The preférred'ethylenic monomer is vinyl acetate,

25 although other:gthylenic_monomers can be copolymerized with

the vinyl acetate monomer to produce a preferred copolymer
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het ween about 2 and 100, preferably between 2 and 50 and nost
preferably between 2 and 20 DP units. Useful oligomer 15 nodifiers have

low Tg's to sufficiently inpart .a- - plasticizing effect on the
mat ri x emul si on copol yner. Useful Tg's of the oligomeric nodifier
measur ed by Differential Scanning Cg%grL try (DSC) at 10[err]

C/ m nute scan rate are | ess than preferably | ess, than -40

[err] C and 29 £R84i R 1{, fon&% gbeg% ..m"a% %"o"%]Q FPIgferst':rﬁ eﬁé,goner

nodi fi er neede can va

required depegge Qmd hﬁoéﬁ“f‘?f‘éﬁeé&ﬁif“ﬂ%@s thSﬁf 'fd?”%ﬁh@:pé{'@nrgiéﬂfﬁer

(estimated by 1ts Tg) and of the matrix (parent)

Fox equation pénemetul 25Heor spiyomeisy 'he | ayel Ae8d8lved in théTd
(mx) = (Werr]/Tlerr] [err] ) + ( err]/T[err] [err])

ethylenically unsaturated monomers to form a fluid organic

5 solution containing aboﬁé-l% and desirably between about 3%
and 50% and preferably"between '10% and 25% by weight
oligomer based on the weight of the organic monomer
solution. This organic miXture of oligomer and monomer is
then suspended in water with high shear mixing to form a

10 coarse suspension using the common latex surfactants as
stabilizers. Suitableisu;factants are used at about 0.1 to
5% by weight (based 6n_éolids) and include the nonionic
surfactants such as various ethoxylated phenols, block
copolymers of ethylene oxide and propylene oxide, anionic
15 surfactants such as sulfosuccihates, sulfates, and
sulfonates, and the like (sulfosuccinates such aS-hexyl,
octyl, and hexadecyl sulfosuccinate are preferred). - The
coarse suspénsion is then'micronized to very fine particle
size emulsion droplets of average size of less than 5
20 microns, preferably less than 1 micron, and most preferably
less than 0.7 micronm..  High .mechanical shear and/or
ultrasound can be used to form the microemulsion. Typical
additional ingredieﬁts- in¢lude buffers, acrylic acid,
sodjum salt of acrYlamido'methyl propane sulfonic acid
25 (NaaMPS) o:dinarily added at Ofiﬁ.to 5% by weight levels

based on solids. Ini;iatofs such as persulfate, peroxide,
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~12- wher e Tg (m x)= glass transition tenperature of the

nodi fi ed polynmer (which is a m xture); Werr] Werr] = weight
fraction of the parent (matrix) S pol yrer and

ol i goneric nodi fier, 5 _ o respectively; Tlerr],
[err] T[err] [err] = glass transition jgnpgpature of the

parent (matrix) polynmer and the oligoneric nodifier,

respectively. Vv ol i | L fi ' |

Girectly 10 %20 27 T 1AeqrF fan e MadRT e ol s edf Widhtn fon
of the organic mixture in watér. Redox catalysts can be

added if desired. PoiYmerization can be accomplished by
simply raiéing the suspénsibn temperature to about 70°¢C to
5 80°C using-persulfate initiators. Initial reflux of vinyl
acetate will be at 67°C,-but the temperature will rise with
monomer polymerization Conversion.- Additional ethylenic
monomer can _be added, preferably after the preformed
suspended addition'copolymer emulsion and other monomer
10 have polymerized.
In accordance with either process of this invention,
the emulsion polymerized ethylenic monomers produce a
matrix polymer of polymerized monomer where the most
preferred polYmeric binders comprise homopolymers of vinyl
15 acetate. On a.weight basis, the polymeric binders can
comprise between.40% and 100% polymerized wvinyl acetate
with the balance being other ethylenic monomers. Preferred
polymeric binders. containing at least 70% by weight
polymerized vinyl acetate and most preferred 80% to 100%
20 vinyl acetate. However, exterior latex paints based on
acrylic emulsion 'ﬁatrix copoiymers predominantly of
copolymerized aCrylic énd styrene monomers comprising
between 50% and 100% by weight acrylic monomers are
particularly uséful_for_exterior air dry latex paints.
25 Vinyl acetate copolyme#s are useful for extérior paints
although acfylic cqpoljmér’are préferred.
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lsnversely related to the Tg of the oligoner. Hence, the | ower

oligonmer Tg will nore efficiently soften the emul sion addition matrix
pol ymer provided the oligonmer and matri x pol yner are conpatible. 15
Compatibility of a polyneric mixture iis commonly said to exist when
the m xture remains substantially opticaJ£¥ cl ear, which indicates the
two conponents are nmutually . sol ubl e n ?ﬂls |nvent|on conpatibility
|s intended to In.”Efw &P%%hgi gl:bQQ‘EEr ‘i: 1'1%r d se '&ﬁ&e
matrix 20 polynmer in e SO e conp

Pt o Sonbhenafens, fenfabete psealee cafrite aqpriagie
tT \slol gogpnggfmt)%aséﬂ?r@@é&nﬁSneﬁers coh@ER AR Akt c&wr@&%-@amn t hﬁmﬁ&r e
monomers, acrylamide monomers, and mono- and dicarboxylic
5 unsaturated acids. Vinyl esters include vinyl propionate,
vinyl laurate, vinyl decanoate, vinyl butyrates, vinyl
benzoates, vinyl 'isbpropyl acetates and similar wvinyl
esters; vinyl aliphatic hydrocarbon monomers include vinyl
chloride and vinylidene chloride as well as alpha olefins
10 such as ethylene, propylene, isobutylene, as well as
conjugated dienes such as 1,3 butadiene, methyl-2-
butadiene, 1,3-pipery1ene, 2,3-dimethyl butadiene,
isoprene, cyclohexane, cyclopentadiene, and
dicyclopentadiene; and vinyl alkyl ethers include methyl
15 wvinyl ether, isopropyl wvinyl ether, n-butyl wvinyl ether,
and isobutyl vinyl ether. Acrylic monomers include lower
alkyl esters of acrylic or methacrylic acid having an alkyl
ester portion containing between 1 to 12 carbon atoms as
well as aromatic derivatives of acrylic and methacrylic
20 acid. Useful acrylic monomers include, for example,
acrylic and methacrylic acid, methyl acrylate and
methacrylate, ethyl acrylate and methacrylate, butyl
acrylate | and methacrylate, propyl acrylate and
'methacrylate, zféthyl- héxyl acrylate and methacrylate,
25 cyclohexyl acrylaﬁéfaﬁd'methacrylate, decyl acrylate and

methacrylate, isodecyl acrylate and methacrylate, benzyl

This Sheet Has Been Tlaced




25 dependent on |evel of nodifier; and the mxture Tg fol |l ows a m xing
rul e such as the Fox equation. Tg's of m xtures

- 13- depend on the Tg's of the two conponents, concentrations of

the two conponents, and conpati bi | i ty of the two conponents.
The pr esent I nvention  pertains C% gSubstantially conpatible
conponents. I n accordance with §1| S | nvention, | ow nol ecul ar
wei ght pol yur @am 130l ARP! G2 ¥0EENZE cion products

pol yet her-ure nes er ur éf hané- urea copol yners, a%do pol yest er

pol yners 'nC'é@élﬂQa@%ﬁ@?i?rpﬁéhﬁﬁ,Caﬁ@ Yesyl glycidyl ethers reacted
with acrylic and methacrylic acids, hydroxyl alkyl
acrylates and. methecrylates such as hydroxyethyl and
5 hydroxypropyl acrylates and methacrylates, amino acrylates,
methacrylates .as well as"_ac'rylic acids such as acrylic and
methacrylic acid, ethacrylic acid, alpha-chloroacrylic
acid, alpha—cycanoecrylic acid, crotonic acid, beta-
acryloxy propionic aéid, and beta-styrl acrylic acid.
10 Particularly preferred comonomers include acrylates such as
methyl, ethyl, propyl, butyl (linear and branched), 2-ethyl
hexyl; methacrylates such as methyl, ethyl, propyl, butyl
(linear and branched) ; 2-ethyl hexyl; vinyl esters such as
acetate, proprionate, butyrate, pentanoate (neo 5),
1.5 nonanoate (neo 9), 2-ethyl hexanoate, decanocate (neo 10);
and other ethylenic monomers such as ethylene, vinyl
chloride, vinylidene chloride and butadiene. Very minor
amounts of divinyl monomers such as divinyl benzene can be
copolymerized if desired. For exterior latex paints, the
20 matrix copolymer ordinarily comprises copolymerized acrylic
monomers where the acrylic copolymer content can be between
about 40% and 100% by weight of the copolymer.
The preferred matrix copolymer comprises emulsion
polymerized v:Lnyl acetate monomer to produce a matrix
25 polymeric blnder of polymerlzed vinyl acetate where the

most preferred polymer:.c binders comprise homopolymers of

—
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gan be utilized as external softening oligoners in the 10 polyvinyl
acetate binder matrix polyners. Usef ul pol yur et hane copol yners
typically contain urethane groups -in the pol yner backbone and are
produced by reacting excess =~ equivalents of diol or polyol with |esser
equi val ents of di- or polylsocyanatq2 Th§7poly|socyanates can be di-
or 15 trllsocyanates such as for exanple 2 and 2, 6- toluene

di i socyanat e, 4. @Ff edi |(§‘9q¥q;@#® £&¥red pol :
t et ramet hyl ene socyanate nap al ene dii soc&%ﬁe red po e%rﬁ?ﬁ]é%e

or  propyl enepighidS9C 3R se Bédﬁ%ﬁﬁWhégeadH 100% bb&&ﬂ@fﬂzé@ vinyl
triphenyl sul fone triisocyanate, and simlar 20 di- of tfiisocyanates. The

pol yi socyanatgcéede dewdene ialel Bbalancéﬂbé?ilﬁ@dof‘_héﬂq dttydieiik: Ghorddrmdhal i C,
cyclo-aliphatic and aromati ¢ pol yi socyanates such as for exanple
hexanet hyl enepreferred polymerlc binders contain at least 70% by weight
5 polymerized vinyl acetaie and most preferred 80% to 100%
vinyl acetate. The_nUmber average molecular weight of the
polymeric wvinyl aéetate binders should be between about
30,000 and 10,000,000 ahd preferably between 50,000 and
1,000,000 as - measured by GPC (gel permeation
10 chromatography) accofding to ASTM D3016-78, D3536-76, and
D3593-80. The Tg or softening point of the modified
polymeric binder particles should be less than 20°C as
measured by differential scanning calorimetry, preferably
less than 10°C, most preferably <5°C. The MFT (minimum £ilm
15 formation temperature) is an alternative measure of polymer
film formation detefﬁined on the neat latex on a
temperature gradient téﬁperature bar, and is typically a
few degrees higher than the Tg of the latex. MFT should be
less than 20°C, preferably less than 15°C, most preferred
20 less than 10°C. The LTFF (low temperature film formation)
igs a film forming test run on the fully formulated paint.
LTFF typically is reported as the lowest temperature at
which no cracking is observed, or AIternatively, the amount
of coalescent or oligomer needed to achieve 40°F failure-
25 free coatings.' LTFF'should be less than 50°F (10°C),

preferably less than'40°F (s°C). The distinction with LTFF
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1, 6-di i socyanat e, isophorone diisocyanate, diisocyanate, 1, 4-di et hyl
cycl ohexane, di phenyl net hane diisocyanate 2,4- 25 toluene diisocyanate,

2, 6-toluene diisocyanate and m xtures t her eof , pol ynet hyl ene

pol yphenyl polyi socyanat e. -14-
Pol yester-urethanes..can be produced frams -@igel s conpri sing

hydr oxyl functional polyester polymer prepared by conventi onal
esterificationipolyhatizathem t palintquéagrediehtem majge havenoeither an
di carboxylic acids _and "dihydroxyl 5 functional reactants. Suitable

car boxylic aci @@emmce 1nflu@m:p| c (§dldersuccpigmentsl andt adBpyesgdng

azel ai c aci d,
(surfagtants, 1nc1denta1 solvents in additives) effect on

LTFF relatiﬁe to the MPFT, which is measured on the latex
5 alome. In_ﬁurn, the MFT is measured from the wet state,
and therefore includes_the plasticizing effect of water,
while the Tg is measured on an anhydrous sample of latex
film, which does not include the water plasticizing effect.
Latex paints are formulated to achieve LTFF of less than
10 50°F (10°C), preferably less than 40°C (5°C). It is also
necessary for the final dried films to not be tacky at
norﬁal use temperatures (60-110°F). The polymeric binder
contains between about 5% and 45% by weight softening
oligomer with the balance being copolymer matrix polymer.
15

The ethylenic monomers can be polymerized in an
agqueous pdiymerization, medium by adding other emulsion
polymerization ingredients. Initiators can include for
example, typical free radical and redox types such as

20 hydrogen peroxide, t-butyl hydroperoxide, di-t-butyl
peroxide, benioyl pérbxide, benzoyl hydroperoxide, 2,4-
dichlorobenzoyl peroxide, t-butyl peracetate,
azobisisobutyronitrile, ammonium persulfate, sodium
persulfate, potassium persulfate, sodium perphosphate,
25 potassium perphosphate;' isopropyl peroxycarbonate, and

redox initiators such as sodium persulfate-sodium
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mal ei c acid and anhydri de, and other aliphatic carboxylic aci ds.

Aromatic dicarboxylic acids include isophthalic acid, phthalic acid
and anhydride, terephthalic acid, 10 ¢trinelitic anhydride and the |ike.
Lesser amounts of nono- functional acids can be included, such as
benzoi c acid, 2- et hyl hexanoi ¢ acid,29i t29desired. Sui t abl e

di hydr oxy functional materials include ethylene and propyl ene gl ycol,
di propyl ene gl foumaldebytiel ersulfiopgilatecopenmehneg| yvhydropgsoxifersoglvn
propane, and |esser :ampunts of nono-functional al cohol's such as, benzyl
al cohol and he®ghabisnlfiEsir epotassiym| ypersnlfpseoPpavs arkigehbitery
prepared with excess ~hydroxyl functionalit nol ecul_ar

t i ght
rangi ng from CUumeBgoRYAXRPeIEPRIATH R ef(éllablgugf:%ﬁ?- ZOBefiGV’gl,%U%‘?SeWO

Pol yest er prepol rs can be .used al gne or in conbination . .
y P pcoxggst o% oxlidants aﬁ% reductants, wéach can be mixed in

5 any pair. Transition metals such as iron can be used as
accelerators for initiators for redox couples. The
polymerization initiators are usually added in amounts
between about 0.1 to 2 weight percent based on the monomer
additions.

10 Suitable anionic surfactants include for example,
salts of fatty acids such as sodium and potassium salts of
stearic, palmetic, oleic, lauric, and tall oil acids, salts
of sulfated fatty alcohols, salts of phosphoric acid esters
of polyethylated long chain alcohols and phenols.

15 Preferred anionic suifactants include for example,
alkylbenzene sulfonate salts such as sodium dodecylbenzene
sulfonate and salts of hexyl, octyl, and higher alkyl
diesters of 2-sulfosuccinic acid. Suitable non-ionic
surfactants include polyoxyethylene glycols reacted with a

20 1lyophilic compound, ethylene oxide condensation products
reacted with t-octylphenol or. nonylphenol and known as
"Triton" surfactants, polymerized oxyethylene (IgepalCA),
ethylene oxide reacted with organic acids (Emulfor), or
organic acid reacted with polyoxyamylene ether of stearic

25 or oleic acid esters (Tweens).

A paint coating composition can be produced by

PR
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with polyethers as hydroxyl functional prepolyners. Sui tabl e
hydr oxyl functional polyether prepolyners include pol yet hyl ene oxi de,

pol ypr opyl ene

oxi de, pol ybutyl ene oxi de, and tetranethyl ene oxide

where the pol yether 25 prepolyners have a nol ecul ar wei ght between about
100 and 10, 000. Preferred pol yethers ugsed-go-the preferred process

have a nunber

aver age nol ecul ar wei ght between about 300 and 5, 000.

The pol yest er scambioingokhet egtepnapdiyymodified emehsion pedgpmed wft bhis
dii socyanate to advance the prepolymers to a

10

15

20

25

invention w1th plgments and other paint addltlves in a
dispersing mill such as a Cowles disperser. A pigment
dispersion can be preformed consisting of a dispersant and
pigments on a disperser mill, a sand mill, a pebble mill,
a roller mill, a ball mill or similar conventional grinding
mill for milling the mineral pigments into the dispersion
medium. The pfemix can then be combined under low shear
with the polymeric binder of this invention and other paint
additives as desired. Useful mineral pigments ordinarily
include opacifying pigments such as titanium dioxide, zinc
oxide, titanium calcium, as well as tinting pigments such
as carbon black, yellow oxides, brown oxides, tan oxides,
raw and burnt sienna or umber, chromium oxide green,
phthalocyanine green, phthalonitrile blue, wultramarine
blue, cadmium pigments, chromium pigments, and the like.
Filler pigments such as clay, silica, talec, mica,
wollastonite, wood £flower, barium sulfate, calcium
carbonate and the like can be added.

Historically, prior art paints achieved a balance of
properties by making the latex slightly too hard for LTFF
to achieve the tack-free character, and then temporarily
softening the binder polymer with a coalescing solvent to
achieve the desired LTFF. However, by using non-volatile,
external softening' oligomers in accordance with this

invention, the historical relationship between Tg (or MFT)
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5 nol ecul ar wei ght of about 200 to 20,000 and preferably bet ween 300
and 10,000, and nost preferably between 300 and 5,000, to form

pol yester or polyether urethane oligomnmers of . this invention.

Di i socyanates are used preferably at an equi val ent ratio of about 1

i socyanate group to 1.1 to 10 10 hydroxy3igrsups. Ratios of about 1.5 to
3 hydroxyl groups per isocyanate group are preferred.

Preferred and soTFEndheshen€lindd palinenean beochmed swdphthaneoth
di i socyanate, 1, 6-hexane diisocyanate, diphenyl nethane di i socyanat e,
and the |ikefilm forg@atabpsand tack faxee rhandidnery|siendiimuktansously
oxide and the |i ke can be:used to - increase the isocyanate reaction
rate with the ohtabrgd witheetycther reedolferher raljpiidmer cpalescing

t enper at ures of about 30 to 120[err] C and preferably at about 70[err]
to 100[ err] C.solvent. The softening oligomer is permanent by design and

5 will not volatilize out of the paint film.
The merits of this.invention are further supported by

the following illustrative examples.
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The pol yester or pol yether urethane copolyners can be 20 further extended

with diam ne or polyamne, if desired, to produce pol yur et hane-urea
copol ymer useful as a softening - oligonmer nodifier in polyvinyl acetate
bi nder matri x polymers in accordance with this invention. In this
regard, primary diam ne or polyam ne can bgsadded to an 25 isocyanate

t erm nat ed pol yuret hane internediate containi ng unr eact ed pendant or
term nal isocyanate groups obtained by :

- 16- reacti ng excess equivalents of isocyanate relative to hydr oxyl
equivalents in the polyester Comparatiwvet [Bssamples A and B

A vinyl acetate and butyl acrylate 80/20 copolymer (Ex. A)
and a vinyl acetate/butyl acrylate 60/40 copolymer (Ex. B)

5 were produced from the following ingredients.

Ex. A Ex. B
a) 2022 g 2022 g deionized water
7.2 g 7.2 g MM-80
10 4.3 g 4.3 g ammonium acetate
5.4 g 5.4 g A246L
b) 28 g 28 g vinyl acetate
7.0 g 7.0 g butyl acrylate
15 0.7 g 0.7 g ammonium persulfate
c) 1360 g 1034 g vinyl acetate
340 g 677 g butyl acrylate
2.4 g 2.4 g acrylic acid
20
d) 5.4 g 5.4 g ammonium persulfate
21 g 21 g A246L
135 g i35 g deionized water
15 g 15 g NaAMPS
25
Warm (a) to 71°C under nitrogen with good stirring.
Add (b) and allow exotherm to die (about 15 minutes). Pump
in (¢) and (d) in parallel over 5 hours. Hold 1 hour, and
cool.
30 Comparative Example

Comparisons of soft copolymer and coalesced hard
copolymer (prior art) with the current invention are as
follows.

Prior art. Conventionally, the balance of low temperature
35 film formatiqn and absence of tack at ambient temperature

is achieved by utilizing a 1latex composition with an
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prepol yners. The primary diamnes readily react with the | socyanat e
functional internediate to chain extend the 5 pol yurethane to a

pol yur et hane-urea of a hi gher nol ecul ar wei ght. Alternatively am ne can
be prereacted with the dii socyanate prior to reacting with polyol.

Sui t abl e primary am nes for chai.n.exte3®i eB3+ncl ude hexanet hyl ene

di am ne, 2-nethyl -pentanedi am ne and simlar aliphatic 10 diam nes. :
Pol yest er and gbévatédr Tget hboe achdeyeer abgence dl yhaskhanandxttmerd
with diamne to form pol yuret hane- ureas exhibit excell ent
conpatibility mponanleamcang iwgndieerwibth el vodatihe recaleseing
pol yvi nyl acet at e ynmers. . Pol yuret hane i nternedi ate nol ecul ar

wei ghts 15 b&%%%e%%aﬁﬁcéxﬁénﬂﬁ?-% Hee hRERRENE 430Wa FEMRRIFFM LM §Elm

after chaln extensiopn with ne the final. no]ecu
}:o {]on. e n:]Ls works %. :{t a&so involves the

5 emission of the coalescing solvent into the atmosphere,
which contributes odour and air pollution. A typical
copolymer composition comprises by weight 80% vinyl acetate
and 20% butyl acrylate, as in Example A above. For this
experiment, the latex contained coalescing solvent at the

10 1level of 6% to achieve a KMFT of 10°C. A £ilm cast with
this coalesced latex was non-tacky at room temperature, but
emitted volatile solvent to the atmosphere.

Conversely, if one makes a copolymer with a low enough
Tg to achieve low temperature film formation (60/40 VA/BA),

15 as in Example B above, the polymer forms a film which is
excessively tacky at ambient use temperature. While this
would involve no VOC emissions to the atmosphere, the
coating involves a commercially unacceptable balance of
properties. This soft copolymer achieves a KMFT of 10°C on

20 its own. A film cast from this latex is extremely tacky at
room temperature, but emits no solvents to the atmosphere.
Present Invention. In the present invention, the use of a
non-volatile externai plasticizer accomplishes all three
goals simultaﬁeously: low tempefature film formation,

25 tack-free behavior at ambient temperatures, and no volatile

organic emissions to the atmosphere.
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wei ght of the pol yurethane-urea can be between about 800 and 20, 000.
Preferred pol yurethanes used in the preferred process exhibit

i ntermedi ate nol ecul ar weights before chain 20 extension between 200
and 2,000 with chain extended nol ecul ar wei ghts bet ween 300 and
5, 000. A particularly preferred nggp-regactive oligonmer usefu

as a softening oligoner nodifier in this invention conprises a

pol yester polyner. |In accordance with tmggmé?é i1 nvention, a |ow nol ecul ar
wei ght ester or polyester can be di ssolved 1n the ethylenically

unsat ur at ed nDnonerA low molecular weight dipropylene-adipate olidomer
polyester was synthesized in accordance with the preferred
-process at a -OH/-COOH equivalent ratio of 1.25 as follows:
5 1629.9 grams adipic acid
1870.1 grams dipropylene glycol
1.1 grams butyl stannoic acid

The foregoing materials were charged to a flask
equipped with a stirrer and heated up to 240°C maximum

10 under nitrogen along with water of reaction removal and
held until a final Acid No. of 4 to 8 was obtained based on
solids. The resulting polyester had ICI Cone & Plate
viscosity 14-18 poise at 30°%c, and a number average
molecular weight of 800, and a Tg of -50°C.

15 The foregoing polyester was used to make an oligomeric
pre-emulsion comprising by weight 62.5% polyester, 3.6%
Triton X405 surfactant (70% active nonyl phenol
ethoxylate), and 33.9% deionized water. This corresponds
to 4% surfactant based on the weight of polyester. The

20 pre-emulsion was formed by adding the polyester to the
water/surfactant solution with ordinary agitation to form
a premix, heating the premix above 45°C to about 60°C, and
then passing the heated premix through a Sonic Triplex
Model T02-2A-HP ultrasonic emulsifier equipped with a 0.001

25 square inch.orifice at 1000 psi. The résulting mixture was

a stable, water dispersed, pre-emulsion of polyester
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suspended in water, and the aqueous suspension nicronized prior to
pol yneri zati on of the nononers. Useful polyester ol i goners conprise
esterification reaction products of diols with dicarboxylic acids or
a functional equival ent 5 with mnor amounts of polyol or polyacid if
desired, to produce a | ow acid nunber 380l.ys@st er pol yner. Sui tabl e
esters and pol yesters for bl ending have nDIecuIar wei ght's bet ween

about 200 and QigfherPriedeimd! ¥nl amildivh ¥aPdlecle sizanddgy!tignt be7
| i near and branched esters and pol yesters 10 formed from saturated

di carboxyl i ¢ amiid¢romsch Fheadigomer preidmuldidmrwas achén blendstcwidchd,
and ot her such |inear al i phatic acids, acid anhydrides, and | ower

al kyl esters 80/2K)heb}eo1’w,eimttha‘|rinyhciai:etiamq)hbhaylc axylate i copbilymer

anhydride, and other aromatic acids, acid anhydrides, and
(Example A above) hav1ng a Tg = 10°C at the level of 10%
5 polyester based on the weight of oligomer and latex polymer
solids or 800 grams latex 56.5% NV was mixed with 77.3
grams of polyester pre-emulsion. Blending of the oligomer
pre-emulsion and latex was at room temperature, mixed
thoroughly for about one hour, and then was allowed to set
10 at room temperature for about 24 hours without further
mixing. The oligomer modified latex provided an excellent

semi-gloss latex paint.
Example 2

In a manner similar to Example 1, a low molecular

15 weight polyester prepolymer was prepared at a -OH/-COOH

equivalent ratio of 1.186 as follows:

1675.1 grams adipic acid
1823.4 grams dipropylene glycbl
20 0.5 grams triphenyl phosphine
1.1 grams butyl stannoic acid
The polyester was synthesized at less than 240°C to obtain
a 4-8 Acid No. along with a 32;38 poise viscosity at 30%c,
a number average molecular weight of 970, and a Tg of -
25 50°c. The oligomer pre-mix was micronized through a

Sonolator to an emulsion particle size less than 0.7
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15 lower al kyl esters thereof; nonoacids such as benzoic acid,

2- et hyl hexanoi ¢ acid and other aromatic and aliphatic acids, which if
desired, may be used in mnor amounts to end cap and |imt nol ecul ar
wei ght . M nor anounts of unsat urated di carboxylic acids such as
fumaric or maleic 20 acid can be includedigitagesired, to enhance grafting
W th pol yneri zed et hyl eni c nonomner s, whi ch pr onot es
conpatibility andrgfiblanenie @flilgtmed | PAELEMDsibE RRlY inixed widh ViRl
acet ate pol yner. Di ol functional materials include diethyl ene

glycol, 25 neepgroyvigk¥caketdteebitlylpadryilatd dopaliymderiatgdy cinh, the
butyl ene gl ycol, propylene glycol, dipropylene glycol and
manner of Example 1.

Example 3
5 White semi-gloss latex paints were prepared from any
one of the foregoing emulsion polymers described in
Examples 1 or 2 from the following ingredients:

PIGMENT GRIND:

Group Ingredient Grams
10 A Watexr 151.68
A Thickener .50
A Ammonia (28%) .01
B Surfactant 5.00
C Defoamer 2.00
15 C Surfactant 2.00
D TiO2 pigment 145.00
D Clay extender pigment 50.00"

Group A ingredients were added to Cowles dispersing
equipment and mixed for 5 minutes. Group B and then C
20 ingredients were added with continued mixing under slow
agitation. Group D ingredients were added under high speed
agitation and grind for 15 minutes or until a Hegman 5.5

was attained. The foregoing is the grind portion of the

paint.
25 LETDOWN
Group Ingredient Grams
T




-+18- the like; or nono-functional glycol ether groups, such as
butyl cel | osol ve, butyl carbitol, and the like; as well as hydr oxy aci ds
such as lactic acid, and | esser amounts of triols and polyols, such as
trimethylol propane and ethane, 5 and pentaerythritol. Acids can be used

I n carboxyl form anhydride form or ag7esger form such as the nethyl
ester form with the above diols to formlinear and branched

pol yesters desBrably havi ng an Aciwatler bel ow about 20, and 33.00l ecul ar
wei ght between 200 and 20, 000, desirably 10 between 300 and 10, 000, and

preferably bet®een about 300 awdt8r000. Pol yesters of di ethgBend or
di propyl ene egcoI - with adipic acid are preferred. The | ow nol ecul ar
wei ght Thickener 3.50
F Ammonia Hydroxide .01
5 G Preservative 1.00
H Defoamer 5.00
H Propylene glycol 40.00
H Surfactant 4.50
H Rheology Modifier (Ex. 1 or 2) 19.00
10 H Surfactant 3.00
I Latex (Ex. 1 or 2) 393.00
I Opacifier latex 105.00

‘Group B ingredients were added in separate vessel, followed
by Premix F added to E ingredients with slow speed
15 agitation. Group G ingredients were added at slow speed.
Premix H ingredients were then added to vessel. Premix I
ingredients were mixed for 30 minutes and then added to
vessel. The final composition was mixed for 1 hour. The
foregoing is the letdown portion of the paint.
20 LATEX PAINT
The letdowns above were added to the pigment
grind above under slow speed agitation and allowed to mix
for 2 hours. Paint films from the foregoing latex paints
were drawn down at 1 mil, air dried for at least 24 hours,

25 and then testéd for the following results:
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ésters and polyesters lower the Tg of the blend and can elimnate the
need for expensive conononers such as butyl 15 acrylate. Thus, |ow

nol ecul ar wei ght esters and pol yesters can be effectively used to
provi de excell ent, non-tacky, paint filns w thout the inclusion of
coal esci ng sol vents. ~Pol yest er an@e -glgi-goneric nodifiers are
formed by the reaction of diols and diam nes with di carboxylic acids
or 20 esters. In a pref &OF process, @aiimyl Bxstdrs of adipi cPaint Ex.
glutaric, isophthalic or other common dicarboxylic acids are
transesterifie@ with diols and di anines at about 150C to 250 Cin the
presence of common esterifixcation catalysts - such as butyl stanoi c acid.
Typical |y greater amountd0of 25 diols, P#88h as di et hyl ene and P&S8 opyl ene

| ycol, neopentyl I | and the |like are used with | esser anmounts of
gy .p y gs%@% pass pass

5 40°

F pass pass
Dried paint films are considered to pass low temperature
film formation (LTFF) if the dried coating has no tacking
and is visible under ten-times magnification.

Example 4

10 The following data was generated by blending an
emulsion of an MPD/ADA modifier (methyl propane diol/adipic
acid polyester of MW ca 1200) with the wvinyl acetate
homopolymer latex. The MPD/ADA oligomer modifier was
prepared as in Example 1 by reacting:

15 877 gms of adipic acid

630.7 gms of 2-methyl-1,3-propane diol

0.2 gms of butylstanoic acid
The emulsion was prepared as in Example 1 with a Ross ME-
100L rotor-stator mixer, which produced a sub-micron pre-

20 emulsion in size.

TABLE 1
Effect of Blended Modified on MFT
PCT
Modifier Initiq} After After
25 {Ex. 4) {Ca. 307C) 24 Hours 5 Days
20 20 13 18
30 13 9 14
40 . 10 7 10

30
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di am nes, such as 1, 6- hexanedi am ne, 2- et hyl

pent anedi am ne, or the |longer chain amnes (e.g. Jeffam ne- Texaco) .
Lesser ampbunts of nonoaci ds, npbnoesters, alcohols and am nes, or

pol yaci d, polyols, or polyam nes can be 5 added, if desired.

Suitabl e chlorinated aliphatic nodifiers uggfubgas ext er nal

pl asticizers in accordance with this invention I ncl ude chl ori nated
hydrocarbon materials selectgd from chggrinated paraffins, chlorinated
fatty acids, and 10 chlorinated fatty acid esters. .Useful nolecul ar

wei ghts of As can be seen, oligomeric modifier appears to

diffuse into the latex, lowering its MFT. The Fox Equation
5 relationship appears to hold quite well for blends of
compatible oligomers with latex, and the estimated fraction
of the oligomeric modifier which diffused into the latex.

Table 2 summarizes these calculations:

TABLE 2
10 Estimated Extent of Diffusion
BCT Modifier Pct Diffused
20 65
30 56
40 50
15 It was found that the foregoing MPD/ADA

oligomeric modifier is effective as a film-forming modifier
in accordance with this invention but is not as effective

as the adipic acid dipropylene glycol polyester of Examples

1 and 2.
20 Examples 5 - 8
A series of polyester modifiers were prepared as
follows: |
TABLE 3
Ex. 5 Bx. 6 Ex. 7 Ex.
25 8
Neopentyl glycol .415.8 © 312.6 --- .-
Azelaic acid 564.6 376.4 --- -—-
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the chlorinated materials range from about 150 to about 5, 000, and
chlorine contents can range from5%to 70% by wei ght. Industrially
produced chlorinated material s generally are not pure conpounds, but
conprise a mxture of 15 conpounds with chlorine atons substituted at

vari ous posi tions on the paraffin and jattygaci d chain. Chl ori nat ed
paraffins for instance are chlorinated hydr ocar bons having a
chlorine contepfipeewagridabout 20% --and 70% by wei-ght and pneferaabl y
between 30% and 50% by 20 weight. Chlorinated paraff ins ordinarily are
m scible with 584.8rganic solvent including |iquid ethylenic nonomers, but

are insoluble in water and hence will not mgrate into pol ymer
particles if abDdpdopylehe gdweolis phase of a | atex. Cheé8i dated fatty
aci ds conprise chlorinated unsaturated

Benzoic acid --- --- 183.2 ---

5 2-methyl-1,3--
propane diol --- --- -—--
180.2
2-ethyl hexanol --- . -
520.8
10 Butyl stanoic acid 0.2 0.2 0.2
0.4

The polyester oligomers were synthesized as in Example 1.

Example 9
15 A polyester amide was prepared as follows:
13.4 g 2-methyl-1,5-pentane diamine
100.3 g DBE-3 (DuPont, dimethyl adipate)
77.4 g dipropylene glycol
0.1 g butyl stanoic acid
20 Heat under nitrogen with good agitation to about
220°c. Use a glass bead packed column to distill off
methanol, keeping column head temperature at 65°C. Switch
to a trap when distillation slows_down. Cool after 4 hours
at 200°C.
25 Emulsions of the modifiers were prepared as in

Example 1 and blended with a commercial acrylic latex (8°c
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25 fatty acid such as lauroleic, nyristoleic, palmtoleic, ol ei c,

recinoleic, linoleic, eleostearic, |liconic, and
- 20- simlar fatty acid derived fromlinseed oil, tung oil, soybean
oil, and safflower oil, and simlar unsaturated vegetable oils.
Chlorinated fatty acid esters are £l oppnated fatty acids
esterified with | ow nol ecul ar 5 meight.aICOhoIs. In accordance with the
process of thi®g, DSC, nmhwmethbexghhw-mtgq wﬂ?Qum el 0| sy eensd
t he vinyl acetat.e nonomer whereby a sol ution of nononer
contai ni ng chl bateat ¢d7Par @§fi DSO; Bayrgnecedhyl -eryyate) das follows:
PAINT FORMULA
A) Premix the following components:
5 Grams

water 200

cellulosic thickener 1.0

preservative 2.0

defoamer 1.0

10 polymeric dispersant 6.0
surfactant 4.0

B) Add the following to (A) and disperse 5 minutes at

moderate speed:

Grams

15 titanium dioxide 162.7
extender pigment 132.65
crystalline silica 85.65
colloidal silicate 2.00

C) Add the following to (A) and (B) mixture and mix 15

20 minutes at high speed:

Grams
water 100
defoamer 2.0

D) Premix the following and then add to the above and mix
25 15 minutes at low speed:
Grams
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esters can be suspended in water with the aid of conmon 10 surfactants and
very hi gh nmechani cal shear or ultrasound. The chlorinated nodifier can
be dissolved in vinyl acetate nononer at weight levels of 1%to 90%
desirably between 3% and 50% and preferably between 10% and 25% by
wei ght chlorinated nodifier based on 4he-apdifier and nononeric 15

m xt ure. In accordance wth preferred aspects of this

i nvention, it wasebeen found that very | ow noéecal ar wei ght ol i goner
modi fi er can be dispersed into water under high shear at tenperatures
bet ween about @€lkuléoSianthic®érer] C and 20 4p5eferab|y bet ween about
45[err] C and 6C¥err C,_where_ the oligoner I ght percent and the

ol i goner wei ghi) | Ad h‘éheeﬁgllwyng andemyxsmrmisuhesvm@@embatsme%iand 70%
by wei ght and nost

Grams
5 modified latex 264

F) Add the following components to the above mixture:

Grams
Water 70
defoamer 3.0
10 polyurethane associative
thickener 10.0
TABLE 4
Acrylic Latex:
Example Modifier 40°F LTFF
15 10 5% Example 5 pass
11 _ 5% Example 6 pass
12 5% Example 7 pass
13 5% Example 8 pass
14 5% Example 9 pass
20 15 None fail
Styrene Latex:
Example Modifier ~ 70°F LTFF
16 ‘Example 7 pass
17 None fail
25 The following examples illustrate the process of

this invention where the oligomer is mixed with ethylenic
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preferably between about 55% and 65% by wei ght ol i goner. It has been
found that high shear of the oligoner in water 25 wunder these

paranmeters produces micronized emulsion dropl ets having a

m croni zed particle size below 10 m crons

-21- wi |l enable the | ow nol ecul ar wei gBt -qBi-goner to diffuse from
the prefornmed emul sion into a preformed | atex enul sion pol yner.
Preferred m crmenvheropsibayveocaamalsiaegeppiymherigationdr oPbEyesteesbwitken
0.1 and 1-mcron. The rate of 5 diffusion increases considerably by

smal | preenul shonange of molecular weights and structures can function as
”efféctiﬁe non-volatile plasticizing and coalescing agents
for emulsion addition copolymers, where comonomer is not
5 needed with Qinyl acetate polymer and coalescing aid is not
required for good film formation. Avoiding the use of
coalescing solvents is possible because the higher
molecular weight polyesters are dissolved in polyvinyl
acetate monomer and then dispersed into water by high shear
10 and/or ultrasound prior to polymerization of the polyvinyl
acetate as illustrated in the following examples.

The following examples reflect the process of
this invention wherein the oligomer is dispersed into
monomer and then micronized into water <followed by

15 copolymerization of the monomer.

Example 10

An adipate polyester oligomer was prepared as

follows:
Grams
20 Adipic acid 438.6
Diethylene glycol 382
Butylstanoic acid 0.5

The above raw materials were heated in a 2 1liter flask
under a nitrogen blaqket with mechanical stirring to 170°¢
25 while using the head temperature above a column packed with

glass beads to regulate the esterification reaction. With
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particles where the rate of diffusion is particularly fast and
efficient for preforned enul sions having a particle size preferably
between 0.1 and 1 m cron. It has been found that efficient and
conplete diffusion of the |ow 10 nol ecul ar wei ght oligonmer particles can
be achieved with preferred subm cron egul sign particles, whereby

ol i goner present sufficiently diffuses into the latex particles to
avoi d any resi gua ck I |t from higher nmol ecul ar
wei ght reS|due§ t%%%acot§ﬁ§§€¥béggdﬁ?z éﬁ%%hsethES Fﬁ?étﬂﬁ§ | REBREFREVFR
pol ynmer particles. Accardin o has been found t hat ol i goner Hﬁ

a nore preferréﬁcﬁﬁﬂﬂép slo eF&b@%ﬂMQﬂnﬂﬁﬁrQWQQFH FRTAESED WA i
preferably etgegn 500 _a 000 no nly increase the quantity of

ol i goner di ff u&Pn BPanépgag §N4PPaS on, efficiency into 20 the I|atex

matrix particles and advigt@%ﬂggﬂél5“@%&E§{§£k¥f vinyl acetate monomer

5 and the above adipate polyester was prepared £f£rom the

following materials.

Grams

a) deionized water 2000
MM-80, Mona Chemicall 11.2

10 (NH4) HCO3 2.5
NaAMPS, Lubrizol Corp. 2.5

vinyl acetate monomer 625

b) polyester from above. 312
MT-70, Mona Chemical? 5.6

15 <) (NH4=)2 2 8 5.0
d) vinyl acetate monomer 625
MT-70° 5.6

1Mv-80 = sodium dihexyl sulfosuccinate

2NaAMPS = sodium acrylamide methyl propane sulfonate

20 =

MT-70 sodium ditridecyl sulfosuccinate

Organic solution (a) was dispersed in aqueous
solution (b).with a prop stirrer at about 5000 rpm for 20
seconds and passed through the flow through cell of a
Sonics Corp. model VC-600 ultrasonic device at 85% power.

25 The resulting aqueous emulsion was heated with stirring

under a nitrogen blanket to 65°cC. Component (c) was added
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fiilmform ng pol yner binders. Thus, direct mcronized enmul sification
of the oligoner into water enables the m croni zed preenul sion to be
easily blended with a w de variety of latex emulsion matrix pol yners.
The resulting 25 diffused oligonmer nodified |atex matrix pol yner conprises
a plasticized |l atex emul si on pol yner cont aiasi ngagwdi fyi ng

-22- ol i gomer but contains no volatile organic matter. Paint filnms

are capabl e ofamdﬂ&ﬁo both t enpe ure fil formation l,o
about 10[err]C and ta eP%iﬁwéﬁ%QPaﬁah ours. ﬁbnome RERELZE 1) °Vas

added over 3 hours at 72 %c, held 1 hour, and then cooled.

Example 11

5 In a manner similar to Example 10, a phthalate
polyester oligomer was prepared, mixed with vinyl acetate
monomer, wmicronized into water by high shear, and

polymerized. The phthalate polyester was as follows:

Grams

10 phthalic anhydride 593
diethylene glycol 318.3
butyl cellosolve ' 236.4

The raw materials were heated under nitrogen to 200°C, then
slowly raised to 220°C over 2 hours while keeping the head
15 temperature of the packed distillation column at 98°¢c.
Total distillate was 73 g. A suspension of the above

phthalate polyester was prepared as follows:

Grams
a) deionized water 800
20 MM-80 3.0
NaHCO, 2.0
b) vinyl acetate monomer 250
polyester (Ex. 11 above) 80
c) K,8,04 | 2.0
25 d) vinyl acetate monomer : 250
MT- 70 | | 3.0
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anbi ent roomtenperature air dry conditions. 5 In accordance with

this aspect of the invention, the t hree-di nensional solubility
paranmeters of the oligoneric nodi fier nust match well with that of the
| atex polymer in order for plasticization to occur, which may descri be
a boundary for this invention in termgf -Bgdrophobicity. For 10
exanpl e, a butyl acrylate/styrene copol yner | atex woul d require a nuch
more hydrophobi ¢ nodi fi erhehaprécefoye for Alyaderizigippehgneethyléfic
turn, the ability of the oligoneric nodifier to diffuse fromthe

m croemul si on monomerst was Lacesampohpndescsiibeldd indExhmpd e Wiot.h
decreasing 15 hydrophobicity. This could be counteracted to sone extent
by reduci ng nol ecul ar wei ght although ol Egampidecldo| ecul ar wei ght above

about 300 are needed to nmintai n pernanency and zero VOC conditions.
Preferred oligoners are ﬁgna manner similar to Example 11, a polymer was

5 prepared except that the amount of phthalate polyester was

increased from 80 grams to 150 grams.

Example 13

In a manner similar to Example 11, a polymer was
10 prepared using the following components using a commercial
polyester believed to be a polyether-phthalate-polyester

capped with benzoic acid (Hercoflex 900, Hercules Corp.).

Grams
a) deionized water | 2000
15 MM-80 15
NaHCO3 : 2.5
NaHCO3 7.5
NaAMPS 2.5
b) vinyl acetate monomer 625
20 Hercoflex 900, (Hercuies
Corp.) 250
c) KZSZOS ' 5.0
d) vinyl acetate monomer 625

MT-70 7.5
25 The procedure from Example 10 was used to copolymerize the

monomers and produce a latex polymer.

~ ——————————
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vol atile oligomers having a nol ecul ar wei ght between about 20 300 and
5,000. Lower nol ecul ar wei ght conpounds tend to be vol atil e and cause
excessive plasticizer mgration while hi gher nol ecul ar wei ght pol yners
| ose | ow tenperature film form ng and softening effects. The
ol i goner preenul sion can be forned in accopgdangag- 25 with the preferred
process of the invention by forn1ng a normal |y i nconpati ble m xture of
wat er and ol i goner Example 14 -23-

conpri si ng between about 4096 and 70% by wei ght ol i goner.

In a manner similar to Example 10, a polyester

triester was prepared from the folldwing reactants:

5 Ektasolve DB, Eastman Chem.
(diethylene glycol butyl ether)
trimelitic anhydride

butylstanoic acid

Grams

365

145

0.

The water of reaction distilled off was 29 grams.

10

A polymer was prepared according

1

to the

polymerization process described in Example 12 but from the

following components:

Grams
15 a) deionized water 800
MM-80 3.0
NaHCO3 2.0
b) vinyl acetate monomer 250
triester from above 50
20 MT-70 1.0
c) KZSZOS 2.0
vinyl acetate_monoﬁer 250
MT-70 3.0
X e 1
25 Clear.unpigmented films ﬁere prepared from the

polymers_prepared'in Examples 10-14. Physical properties

i
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*The ol i gomer can be suspended in water with mxing to form a coarse
suspensi on using the common | atex surfactants or stabilizers, such as
t he sul fosuccinates, the sulfates, 5 various ethoxyl ated phenols, and
the Iike. The coarse suspension is then mcronized under very high
shear to very fine particle size enulggi eagdropl ets of average size of

| ess than 10 microns, preferably less than 1 micron, and nost
preferably | esf fladex) andriadrodriedHiclleare padmitc £i1mbk0 welreaasafibldows
ultrasound as well as other high shear devices can be used to formthe
m cr oenul si on. Ginding the oMigon#iile Fedipf.i er Mim.o RiilragTlenps

m xture of pignments is a satisfactory nmethod of forming the

m cr o- preenul%&@ﬂéﬂﬁlgﬂ Sui t abl e sur CxecknPointe used FnifiepRoimtionto 5%
by wei ght 515-é€5ased on solids) and include the nonionic surfactants such
as various et%gﬁya%ted phenol s, blocﬁ3copolyners of

<3
None

Ex. 11 12 24
10 None

Ex. 12 3 S
None

Ex. 13 <3 6
None

15 Ex. 14 4 15
None

Control * 10 _ 12
None

*Control was an unmodified commercial latex typically used
20 in consumer air-dry paints and comprising 80/20 weight

ratio of vinyl acetate polymerized with butyl acrylate.

Example 16

White semi-gloss latex paints were prepared from
25 any one of the foregoing emulsion polymers described in
Examples 10-14 from the followihg ingredients:

Pigment Grind:

Group Ingredient Grams
A Water 151.68
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ét hyl ene oxi de and propyl ene oxide, anionic surfactants such as

sul f osucci nates, sulfates, and sul fonates, and the i ke
(sul fosucci nates such as hexyl, octyl, and hexadecyl 20 sulfosuccinate
are preferred). Suitable surfactants i ncl ude the various
sul f osucci nates such as hexyl, octyl, asndapexadecyl sul fosucci nate,
the various al kyl and al kyl - aromati c sul fates and sul fonates, as well
as the variousa noni oni ¢ et hyl Fhkckenhde surfactants. |n accordaBOe
with 25 this aspect of the invention, the nodifying oligoners are
di spersed intoAwat er and m croni zedmmondaa (AB¥) oenul si on, .01

B ~Surfactant 5.00

C Defoamer 2.00

5 C Surfactant 2.00
D Tio2 pigment 145.00
D Clay extender pigment 50.00

Group A ingredients were added to Cowles dispersing
equipment and mixed for 5 minutes. Group B and then C
10 ingredients were added with continued mixing under slow
agitation. Group D ingredients were added under high speed
agitation and grind for 15 minutes or until a Hegman 5.5

was attained. The foregoing is the grind portion of the

paint.

15 Letdown Ingredient Grams
E | Water 33.00
F Water 33.00
F Thickener 3.50
F Ammonia Hydroxide .01

20 G Preservative 1.00
H Defoamer 5.00
H Propylene glycol 40.00
H Surfactant 4.50
H Rheology Modifier 9.00

25 H Surfactant 3.00
I Latex 393.00
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~24- wher eupon the ol igomer mcro-preenul sion can be mxed with a

preformed enul sion | atex copol yner of copol ynerized et hyl eni ¢ nononers.
I n accordance with another aspect of this invention, 5 the oligonmers can
be solubilized in ethylenic nononer, then di spersed into water and

m croni zed into a m croenul sion. The egfylLepLc nononmers are then

pol yneri zed to produce a pol yneri c binder conprising enul sion

pol yrmeri zed etpyl enic nononer . opheipiekelaedxet hyl eni ¢ nonongosi.8ovi nyl

acetate, 10 although other ethylenic nonomers can be copol ynerized with

t he vi nyl acet@treupuhaimegredignitosl weren giideideinedepapatgmeessel, fohlawedng
by weight | ess than 60% and: preferably | ess than 30% and nost
preferably | esbyt heremt®, of herddachylteni & ingredients. WltHheSl©W|gﬂh%$@

can be dissolved in the
agitation. Group G ingredients were added at slow speed.

5 Premix H ingredients were then added to vessel. Premix I
ingredients were mixed for 30 minutes and then added to
vessel. The final composition was mixed for 1 hour. The
foregoing is the letdown portion of the paint.

Latex Paint
10 The letdown above was added to the pigment grind above
under slow speed agitation and allowed to mix for 2 hours.

Example 17

Benzoic acid capped polyester oligomer modifier.

Ingredient Grams
15 adipic acid 731
diethylene glycol 637
butylstanoic acid 0.5
benzoic acid 244

Heat the above components gradually with adequate stirring
20 under a nitrogen atmosphere to 220°C. (Water will begin to
distill at about 170°¢C, and about 3 hours will be required
to move the batch from 170°C to 220°C). Using a packed
column, maintain the head temperature at 99°C throughout
this portion of the synthesis. When the head temperature
25 drops below 80°C, remove the column and replace with a

Dean-Stark trap. Fill the trap with xylene, and then add

\\u\\x\\iﬁ\f i \\\W“"



15 ethylenically unsaturated nononers to forma fluid organic sol ution
cont ai ni ng above 1% and desirably between about 3% and 50% and

pref erably between 10% and 25% by wei ght ol i goner based on the wei ght
of the organi c nononer solution. This organic m xture of oligonmer and
mononer is 20 then suspended in water w&f bsgb shear m xing to forma
coarse suspension using the common | atex surfactants as stabilizers.

Sui tabl e surfaghagt ensughusRidialii cilQUtxPldnd Oto givEYabyeoriitdtic (BasPaxON
solids) and include the nonionic surfactants such. as vari ous
et hoxyl at ed phRrbdbw, xplenk r2Flaspebyzedtaophichwater oudeofintherivaytkne
oxi de, anionic surfactants such as sulfosuccinates, sul f at es,
and and reduce acid number to about 10 mg KOH/g resin. Remove
xylene under a vacuum (25 inches Hg). Cool.:
5 Example 18
Benzoic acid capped polyester urethane oligomer modifier
As in Example 17, but use only 122 g benzoic acid, then
cool batch to 60°C at the end of the synthesis, and add 111
g isophorone diisocyanate. Allow the exotherm to carrxy the
10 temperature (with gentle heating) to 90°c, and hold for 2
hours. Cool.

Example 19

Polyester urethane oligomeric external modifier

Ingredient Grams
15 adipic acid 731

diethylene glycol 636

butylstanoic acid 0.5

Synthesize a polyester from the above ingredients in the
same manner as in Example 17, and then add 111 g isophorone

20 diisocyanate to form a polyester urethane as in Example 18.

Example 20
Polyester urethane external modifier
Ingredient rams
adipic acid 366
25 dipropylene- glycol 403
butylstanoic acid - 0.2
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>25- sul fonates, and the like (sul fosucci nates such as hexyl,

octyl, and hexadecyl sul fosuccinate are preferred). The coarse
suspension is then mcronized to very fine particle si ze emul sion
dropl ets of average size of less than 5 5 mcrons, preferably |ess
than 1 mcron, and nost preferably 52 Less than 0.7 mcron. Hi gh
mechani cal shear and/or ul trasound can be used to formthe

i croenul si on. FayMi &apolyestexr frafdithieordoviedertiedilehtsNclsidin RitdmsTe
acrylic acid, sodiumsalt of acrylam do nmethyl propane sulfonic
acid 10 17 NaANBSkherdiaxkd | 5§ gddexbplioxbrids dbisécyanakeeght |form 2
based on solids. Initiataors such as persul fate, peroxide, and azo

initiators canubethduedaaeinrExampbétkB.suspension

5 Example 21
Polyester urethane urea oligomeric external modifier
Ingredient Grams
adipic acid 731
dipropylene glycol 805
10 butylstanoic acid 0.5

Synthesize a polyester from the above as in Example 17, and
place 300 g of the product in a separate flask at 20°c.
Add 29 g isophorone diisocyanate and 30 g Jeffamine ED-2001
polyethylene oxide diamine, 2000 mol. wt. no. ave. -
15 Texaco. The Jeffamine is predissolved in 30 g vinyl acetate
to enhance miscibility. Slowly warm to 40°C to allow amine
reaction with isocyanate, hold 1 hour, and then heat to
90°C. Hold 2 hours, and then cool.
Example 22
20 Polyester amide external oligomer modifier

Inaredient Grams
DBE-5 (dimethyl ester of

glutaric acid, DuPont) 481
dipropylene glycol 268

25 Dytek A (2-méthylpentane
diamine) 58

i



of the organic mxture in water. Redox catalysts can be added i f

desired. Polynerization can be acconplished by 15 sinply raising

t he suspension tenperature to about 70C to 80[err] C using
persulfate initiators. Initial reflux of vinyl acetate will be
at 67[err]C, but the tenperature will riseswtB3- nononer

pol yneri zati on conversi on. Addi tional ethylenic nononmer can be
added, preferably afterbutidsparbicnadid 20 suspended addition
copolyner emul si on and. ot her nononer have pol yneri zed.

I n accordance Warh withegopdoagitabiohhurdenveitrogen to about 19@°@namsi on
pol yneri zed ethyl enic nonomers produce a matri x pol ynmer of

pol yneri zed m)diﬁﬁllﬁ\/negfaf t methasel with 28 rHQﬁCbr padgked yeelumn bi ndéeep
conpri se honnpolxners of vinyl acefate. On a weight basis, the
pol ymeri c bi ndépsusgnhead temperature at 64°C, and gradually warm batch

5 to 210°C. Cool after 160 g of methanol is removed.

Example 23

Polyester amide external oligomer modifier

Ingredient Grams
10 DBE-5 . 481

dipropylene glycol | 268

Jeffamine D-230 115

(polypropylene oxide diamine)
butylstanoic acid 0.5
15 Synthesized by same procedure as in Example 22.

Example 24

Polyester external oligomer modifier

Ingredient Grams
dipropylene glycol 4717
20 adipic acid 4283
triphenyl phosphine 1.2
butylstanoic acid 3.0

Synthesize as in Example 17, but do not use xylene. When
column head temperature drops to 80°C acid number is about
25 20 mg KOH/g resin. Pull a vacuum of about 10 inches of Hg,

and then gradually increase vacuum to pull off remaining
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+26- conprise between 40% and 100% pol yneri zed vinyl acetate W th
t he bal ance bei ng ot her ethylenic nononers. Preferred pol yneric

bi nders contai ning at | east 70% by wei ght pol ymeri zed vinyl acetate
and nost preferred 80%to 100% 5 vinyl acetate. However, exterior |atex
pai nts based on acrylic enulsion matrgx cgpol yners predom nantly of
copol yneri zed acrylic and styrene nononers conpri sing bet ween 50% and
100% by wei ghtwagéy¥l i CFYRARNBESdhember iBastmguketiyy vesidl for exterior
air dry latex paints. 10 Vinyl acetate copolyners are useful for exterior

pai nts Example 25

Latexes were prepared with the following generalized

formula and synthesized as described below.

5 a) 2122 g deionized water
8.5 ¢g MA-80 (dihexyl sulfosuccinate, Mona
Chemn. )
5.4 g ammonium acetate
8.1 g Na AMPS, 48% (Lubrizol Chemical)
10 10.5 g A246L (Na olefin sulfonate, Rhone
Poulenc)
b) 7.4 g Na formaldehyde sulfoxylate
10 ml Feso4 aqueous solution, 1000 ppm
15
c) 869 g vinyl acetate
370 g modifier as above from Examples 8 to 16
3.1 g acrylic acid
20 d) 6.3 g ammonium persulfate
14 g A246L
159 g deionized water
e) 874 g vinyl acetate
25 3.1 g acrylic acid
£) 2.0 g ammonium persulfate
27 g deionized water

30 Weigh and mix thoroughly groups (a) and (c). Combine
groups (a) and (c), stir with a spatula to disperse, and
then emulsify for 5 minutes at 10,000 ¥pm in a Ross ME 100L
emulsifier. Add (b) ingredients to the emulsion, and warm
in a 5 liter Morton flask to SOOC with good agitation under

35 nitrogen. Pump in 40 ml of (d) over 2.5 hours, adjusting
pumping rate to give a reaction temperature of about 55°C.
Pump in the rest of (d) and all of (e) over 3 hours. Pump

in (£f) over 1 hour. Cool.

Exampleg 26-33
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al t hough acrylic copolyner are preferred. In either vinyl acetate
or acrylic copolyners, other copol yneri zabl e et hyl eni ¢ nononers
conprise ethylenically unsat urat ed nononers contai ni ng
carbon-to-carbon, allylic 15 nononers, acrylam de nononers, and nono- and
di car boxylic unsaturated acids. Vinyl ggtegg.include vinyl propionate,
vinyl laurate, vinyl decanoate, vinyl butyrates, vinyl benzoat es, vinyl
i sopropyl acetpheexafd spprbRAmdt8Yy equebhCeat ViB¥E apreParé8 as in
hydr ocar bon noneners include vinyl ~20 “chloride and vinylidene chloride as
wel | as al pha pk&hpbé 25 andCmiedt Wdtenemofioppkrencidemifiod ein, €he

wel | as - conjugated .dienes such as 1,3 butadiene, nethyl-2-
but adi ene, 1fé1powkngl| Table. 2, 3-di net hyl but adi ene, | soprene,
cycl ohexane, cycl opent adi ene, and
: : TABLE
5 Ex. Modifiexr DSC Tg Knife Point MFFT Dry Film
Tack
26 Ex. 17 0 8.2 None
27 Ex. 18 11 8.8 None
28 Ex. 19 11 12.5 None
10 29 Ex. 20 10 13.7 None
30 Ex. 21 13 18.5 None
31 Ex. 22 6 7.6 None
32 Ex. 23 -5 10.0 Tacky
33 Ex. 24 -- 16.5 | None

15 *DSC Tg’'s in degrees C (single, distinct transitions are
noted}. MFFT = minimum £film formation temperature in
degree C (knife point). Tack and MFFT were measured for

dry latex films (only DSC Tg was measured for modifiers).

20 The £ilm from Example 32 is tacky at room
temperature, while the other latexes form good, tack free
films. Generally, Tg’s in the 5-10°C range are preferred.
MFFT’s of 20°C or less are preferred, indicating that good
ambient and low temperature film formation will occur.

25 Example 32 was marginally tacky due to low Tg of the film.

—
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25 di cycl opent adi ene; and vinyl alkyl ethers include nethyl vi nyl

et her, isopropyl vinyl ether, n-butyl vinyl ether,

-27- and isobutyl vinyl ether. Acrylic nononers include | ower al kyl
esters of acrylic or methacrylic acid having an al kyl ester portion
contai ning between 1 to 12 carbon atons asé -5éwel|l as aromatic derivatives
of acrylic and nethacrylic 5 acid. Useful acrylic nmononmers include,
for exanpl e, acrylic and nethacrylic acid, nethyl acrylate and
met hacryl ate, ethyl acrylate and nethacryl ate, butyl
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dcryl ate and nmet hacryl ate, propyl acryl ate and met hacryl at e,
2-ethyl hexyl acrylate and nethacrylate, 10 cyclohexyl acrylate and

nmet hacryl ate, decyl acrylate and nmet hacryl ate, isodecyl acrylate and
nmet hacryl ate, benzyl acrylate and nethacryl ate, and various reaction
products such as butyl, phenyl, and crsgylsglycidyl ethers reacted
with acrylic and nmethacrylic acids, hydroxyl alkyl 15 acrylates and

nmet hacryl ates €LAIMSas hydroxyethyl and hydr oxypr opyl acryl ates and
nmet hacryl ates, am no acryl ates, nmet hacryl ates as well as acrylic acids
.such as acrylic and et hdaer ylaqueoasl, stilkadryl i comtiidly composition
al pha-chl oroacrylic acid, al pha-cycanoacrylic acid, crotonic acid,
beta- 20 acrynGJ@dpnapaamemula@p@ p@metmmtgnllymﬂmlbrendgmhavmg
Particularly preferred conononers incl ude acrzlates such _as nmet hyl ,
ethyl, propyl,abtgrekev RO5C shd ol biaed) coptaipg an addition copolymer

5 of aqueous polymerlsed ethylenlc monomers wherein the
binder also contains 3 to 70% of a polyrethane and/or a
polyester. oligomer modifier having a molecular weight
between 200 and 20,000 and a Tg below -20°C and wherein the
oligomer modifier is present in the agqueous composition as

10 a micro-emulsion of droplets having a droplet size of less
than 10 microns.

2. An aqueous air-dry coating composition as
claimed in Claim 1 containing an emulsion polymerized
polymeric binder free of organic coalescing solvent, the

15 polymeric binder comprising:

an addition copolymer of agqueocus polymerized
ethylenic monomers containing an oligomer modifier having
a molecular weight between about 200 and 20,000 and a Tg
below about -20°C, the oligomer selected from a

-20 polyurethane and a polyester, where the oligomer is
dispersed into water by high shear mixing to provide a
micro-emulsion having a droplet size less than 10 microns,
where the polymeric binder comprises by weight between 3%
and 70% of .said oligomer with the balance being said

25 addition copolymer, where the Tg of the polymeric binder is

less than 20°c.
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Hexyl ; nmethacryl ates such as nethyl, ethyl, propyl, butyI Thszhe«(:tHasﬁ

branched), 2-ethyl hexyl; vinyl esters such as 25 acetate, & Rgpqged
butyrate, pentanoate (neo 5), nonanoate (neo 9), 2-ethyl mmmn !II
decanoate (neo 10);

and ot her ethylenic nononers such as et hyslaensa- vi nyl chlori de,
vinylidene chloride and butadi ene. Very m nor anmount s of divinyl
nmonomer s such as di vi nyl 3henzZenmaaind ecompos topoh yasr ckatimed dasCladm Eor

exterior latex paints, the 5 matrix copolymer ordinarily conprises
copol yneri zed amy]la;.m 2 contalnlng the low molecular weight ollgomerlc

modifier in an aqueous m:.cro emulsion hav:Lng an organic
phase emulsion droplet size less than 10 microns and

5 produced by high shear mixing at temperatures between 20°c
and 100°C of an aqueous mixture of the oligomer and water
where the mixture contains between 40% and 70% oligomer,
and the oligomer has a number average molecular weight
between about 300 and 5,000 and a Tg less than -20°c.

10 4., A coating composition as claimed in any one
of the preceding Claims containing between 3% and 50% by
weight of the oligomer modifier, where said polymeric
binder is produced by mixing the oligomer in the ethylenic
monomer to provide an organic solution of oligomer and

15 ethylenic monomer, where said organic solution is dispersed
into and polymerized in water to produce an oligomer
modified addition copolymer emulsion polymer where the
oligomer is soluble in the polymerized monomer.

5. A coating composition as claimed in Claim 3

20 where the oligomeric modifier has a molecular weight
between 500 and 2,000.

6. A coating composition as claimed in Claim 3 or

Claim 4 where the oligomeric modifier has a molecular
weight between 500 and 1,000.

25 7. A coating composition of anyone of Claims 3 to

6 where the agueous mixture comprises by weight between

—
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nMononers where the acrylic copol yner content can be between ., . ..about_ 40%
and 100% by wei ght of the copol yner. The preferred T 180 2 Boel Replaced
copol ymer conprises enul sion pol ymeri zed vinyl acetate ;i HIEHIHH{”II ",
produce a matrix 10 polyneric binder of polynerized vinyl a

t he nost preferred polyneric binders ggnpsbse honopol yners of

vinyl acetate. On a weight basis, the preferred polyneric bi nders

conpri se bet weabod@%58% 4086%4%% yokigomdrvimydifier SHoshhhg wieh mbero-
bal ance being other ethylenic nononers. 15 Preferred pol yneric binders

.contain at | easmuledoby wei ght pol ymeri zed vinyl acetate and nost
‘preferred 80%to 100% vinyl acetate. The number average nol ecul ar
'wei ght of the pol yneBi-c &i ngpabingat cowpagdtioshoafd avyonewcef abbeat

1 30, 000 and 10, 000, 000 and _preferably between 50,000 and 20 1,000,000 as
‘nmeasur ed by prepedinggfilaimgewheze ¢fe micro-emulsion was produced by

5 high shear mixing of the aqueous mixture of oligomer at
temperatures between 45°C and 60°c.
9. A coating composition as claimed in any one of
Claims 1 to 8 wherein the micro-emulsion droplet size is on
average between 0.1 and 1 micron.

10 10. A coating composition as claimed in any one
of Claims 1 to 9 wherein the average emulsion droplet size
is below 0.7 microns.

11. A coating composition according to any one of
Claims 1 to 10 where the oligomer has a Tg less than about

15 -40°cC.

12. A coating composition according to any one of
Claims 1 to 11 where the oligomer has a Tg less than about
-50°c.

13. A coating composition according to any one of

20 Claims 3 to 12 where the oligomer has a molecular weight
between about 300 and 10,000.

14. A coating composition according to any one of

Claims 3 to 13 where the oligomer has a molecular weight
between about 500 and 5,000.

25 15. A coating composition according to any one of

Claims 3 to 14 where the polymeric binder is produced by

e



‘¢hr omat ogr aphy) according to ASTM D3016- 78, D3536-76, and 1thE@69@B Rqﬂ
The Tg or softening point of the nodified pol yneric b|n
shoul d be | ess than 20 C as nmeasured by differenti al

err

preferably 25 |less than 10 [err]C, nost prefera

calorinetry,
[err]C. The MFT (mninmumfilm formatigm tgpperature) is an alternatlve
nmeasure of pol yner - 29-

filmformati onmiletenizing thet hequesnds | dispepsion with cnpgh asheargrai ant
tenperature bar, and is typically a f ew degrees higher than the Tg of
t he | at ex.

MFTmiboohilzeéd aqueous dispersion having organic phase particle

io

15

20

25

size dropletsuless than 5 microns.

16. A coating composition according to any one of
the preceding claims where the oligomer is a polyurethane.

17. A coating composition according to Claim 16
where the polyurethaﬁe oligomer comprises a polyester-
urethane copolymer.

18. A coating composition according to Claim 16
where the polyurethane oligomer comprises a polyurethane-
urea copolymer. |

19. A coating composition according to any of the
the preceding Claims where the oligomer is a polyester
polymer.

20. A coating composition of Claim 19 where the
polyester oligomer comprises a polyester-amide copolymer.

21. A coating composition according to any one of
the preceding Claims where the addition polymer comprises
emulsion copolymerized vinyl acetate monomer.

22. A coating composition according to any one of
the preceding Claims where the addition polymer comprises
emulsion copolymerized acrylic monomer.

23. A coating composition according to Claim 22
where the addition polymer comprises emulsion copolymerized
acrylic monomer and styrene.

24. A coating composition according to Claim 4

IIIIlIII IIIIII IIIII Il II IIII
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l*ess than 20 C, preferably less than 15 C, nost preferred 5 less than

10[err] C

The LTFF (Il ow tenperature filmformation) i s This Shest
test run on the fully formul ated paint. LTFF typically i
the | owest tenperature at whi ch no cracking is observed,

t he anmount of coal escegi ogioligoner needed to achieve

alternatively,

40[ err]

F fail

(10[err] Q,
with LTFF _
el evating i nfl sahtdeoligbimers, pignents) or depressing (surfactants,

i nci dental sol
which is measured on t he2bat eA procegisofer pneduging tare aguedus namibilert

fromthe wet state,

wat er ,

ure- 10 free coatings. LTFF should be |l ess than 50[err]F

whepeetReapbYyhessct binado[ eont£ih5[ petyédn Toe dhat2eetonHn
is that other paint ingredients may have either an

vents in additives) effect on 15 LTFF relative to the MT,

whir¥ eeetingi gompasitienoponkainindraugoLymer e opindesxfree
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ULl

of organic coalescing solvent, the process steps for
producing the polymeric binder comprising:

producing a micronized, aqueous pre-emulsion of
oligomer modifier selected from a polyurethane and a
polyester having an organic phase droplet size less than 10
microns by high shear mixing at temperatures between 20°¢
and 100°C of an aqueous mixture of the oligomer containing
by weight between 40% and 70% oligomer, where the oligomer
has a Tg less than -20°C and number average molecular
weight between about 300 and 5,000;

mixing the pre-emulsion with an emulsion
copolymerized addition polymer comprising ethylenically
unsaturated monomers .to produce a polymeric binder
containing by weight between about 3% and 30% oligomer,
where the polymeric binder has a Tg less than 20°c.

26. A process according to Claim 25 where
micronizing produces a micro-emulsion having an organic
phase particle size droplet less than 1 micron.

27. A process according to Claim 24 or Claim 25
where the micronizing produces organic phase particle size
droplets less than 0.7 microns.

28. A process according to any one of Claims 25

and therefore includes the plasticizing effect of

i



91 m which does not include the water plasticizing effect. 2 ee%ﬁgsegéen-l{“
€

paints are fornmul ated to achi eve LTFF of |ess than 50[erl laced
(10[err]C), preferably less than 40[err]C (5[err]C. It is a "lumlll ',
necessary for the final dried filnms to not be tacky at n

tenperatures (60-110[err]F). The pol yneri c gg nd- cont ai ns bet ween

about 5% and 45% by wei ght softening 25 oligonmer with the bal ance being '
copol ynmer matrivo @7 ywkére the micro-emulsion is formed at temperatur@®

The ethyl eni c nonomers can be QQIynerizqg in an aqueous pol ynerization
medi um by addi dnptoteesr abmitsi4Ain C and 60°C.

29. A process according to any one of Claims 25
to 28 where the oligomer has a molecular weight between 500

5 and 2,000.

30. A process for producing an aqueous ambient
dry paint coating containing a polymeric binder free of
organic coalescing solvent, the process steps for producing
the polymeric binder comprising:

10 providing an organic solution comprising vinyl
acetate monomer and oligomer having a number average
molecular wéight between 200 and 20,000 and selected from
a polyurethane or a polyester having a Tg below about -

20°C, where the organic solution contains at least 3% by

15 weight of said oligomer;

dispersing the organic solution into water to
produce an agueous dispersion;
micronizing the aqueous dispersion under high
20 shear to produce a micro-dispersion having organic phase
particle size droplets less than 5 microns; and
polymerizing the vinyl acetate monomer to produce
a polymeric binder having a Tg less than 20% comprising an
emulsion vinyl acetate polymer containing said oligomer.
25 31. A process according to Claim 30 where

micronizing produces organic phase particle size droplets

L



‘pol yneri zation ingredients. Initiators can include for exanpl e,
typical free radical and redox types such as 5 hydrogen peroxide,

t-butyl hydroperoxide, di-t-butyl per oxi de, benzoyl peroxide, benzoyl
hydr oper oxi de, 2, 4- di chl or obenzoyl per oxi de, t - butyl
per acet at e, azobi si sobutyronitrile, ae®doDREBM persul fate, sodi um
persul fate, potassium persulfate, sodium perphosphate, 10 potassium
per phosphat e, lessptbpnl 1 mécvencar bonate, and redox initiators
such as sodium persulfate-sodium fornmal dehyde sul foxyl ate, cumene
hydr oper oxi de -sodium 32. neBaD¥@G¢$$t@CC°pétn§st9n$1®DMS%@f@IeC%@umuhi
bisulfite, cunmene hydroperoxide-iron (1) sulfate. Redox_syst ens
15 consi st of WRP¥&nEBeMécFenizingtRrodnres @EFARLC phase particlengisg;r.
Transition neta iuch fs iron can be used as accelerators for
initiators roplgb 1e8f§pFhaan 0.7pRicrons.
5
il
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gol ynmeri zation initiators are usually added in anmounts bet ween about
0.1 to 2 weight percent based on the nononer 20 additions.

Sui tabl e anionic surfactants include for exanple, salts of fatty acids
such as sodi um and pot assi um salts of stearic, palnetic, oleic,
lauric, and tall -oil acids, salts of 64l ~F&gked fatty al cohols, salts of

phosphorlc aC|d esters 25 of polyethylated long chain alcohols and
phenol s. ABSE ' Bi ants include for exanple,
-31-

-An_aéueous ambient dry paint coating based on an
addition cépdlymer matrix polymer containing an oligomer
selected from a polyurethane or a polyester having a Tg

5 below -20°C and a number average molecular weight between
200 and 20,000, where the coating is free of organic
céalescing'solvents. The matrix polymer comprises emulsion
copolymerized ethylenic monomers. In a preferred process,
the oligomer is produced by forming an aqueous micro-

10 preemulsion of oligomer in water by high shear mixing of
oligomer:and water containing 40% to 70% by weight oligomer
and at temperatures between about 20°¢ and 100° to provide
an aqueous pre-emulsion having an organic phase droplet
size less than 10 microns. The polymeric binder can be
15 produced also by mixing the oligomer with the ethylenic
monomers to form an organic mixture of monomer and
-0ligomer, providing an aqueous micro dispersion of the
organic mixture phase droplet size less than 5 microns, and
copolymerizing the monomer to produce a vinyl acetate
20 polymer containing oligomer. The polymeric binder system

is free of coalescing organic solvent.

i



R .
al kyl benzene sul fonate salts such as sodiun1dodecy|benzéﬁe’r P sd%ﬁ%ﬁate
and satt¥ of hexyl, octyl, and higher alkyl di esters of
2-sul f ogucci ni c acid. Sui tabl e non-ionic surfactants include

pol yoxyet hyl ene glycols reacted with a 5 lyophilic conpound, ethylene

oxi de condensati on products reacted with t-octyl phenol or nonyl phenol
and known as "Tritag% surfactants, polynerized oxyethyl ene (Igepal CA)
et hyl ene oxi de reacted h organic acids (Emulfor), or organic acid
reacted with pol yoxyanyl ene ether of stearic 10 or oleic acid esters
(Tweens) . A pai nt coating conposition can be produced by

conbining the externally nodified enul sion polyner of this I nvention
with pignents and other paint additives in a dThigds shengeptacémentshest a
Cow es di sperser. A pignment 15.di sperstaon can be preforned consisting of

a di spersant and Date: ,. 1 APK 1997
5

ODOUR_FREE. AIR DRY, DECORATIVE LATEX PAINTS

This invention pertains to air dry emulsion paints based
10 on emulsion polymeric binders and more particularly to odour-
free, consumer latex paints free of polluting offensive

odouriferous coalescing solvents.

BACKGR! F THE I . ION

15 Paint coatings are surface protective coatings applied to
substré.tes, dried to form continuous films for decorative
purpdses as well as to prdtect the substrate. Consumer paint

coatings are air-drying aqueous coatings applied primarily to

architectural interior or exterior surfaces, where the’

20 | coatings are sufficiently £luid to flow out, form a continuoﬁs
paint £ilm, and dry at ambient temperatuz;es to protect the
substrate surface. A paint coating ordinariiy comprises an
organic poiymeric binder, pigments, and various paint

additives. In dried paint films, the polymeric binder

25 functions as a binder for the pigments and provides adhesion ..

of the dried paint film to the substrate. The pigments may be

organic or inorganic and functionally contribute to opacity
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pi gnents on a

di sperser mll, a sand mll, a pebble mll, a roller

mPly, @balF mll or simlar conventional grinding mll for mlling the

m neral pignen
conbi ned under
d, ot her paln
ofdidgarily

oxi-ée, titaniu
bl ack, yell ow
or unber, chr

blue, - ultram

10

15

20

25

ts into the dispersion medium The prem x can then be
| ow shear 20 with the polyneric binder of this invention

addl :ﬂgﬁlﬁjﬁdgmﬁg@ | agg&%g\er i rne‘ntf%)ém%:Pﬁ%mgs
ga%%' ST dSpk B (4R IR S ”B%ﬁeﬁ*é%“s&? e Be88ERee

‘r&“s" Ugh@xie B5eShgs.  PRHRA! RGYARLBRUrE e8] pRILEA 8BLELRGSE

involves the preparation of a polymeric binder, mixing of

component matérials, grinding of pigments in a dispersant
medi{x'm, and thinning to commercial standards.

Latex pé.ints for the consumer market ordinarily are
based on - polymeric  binders prepared by emulsion
polymerizationof ethylenic monomers. A typical consumer
latex - paint binder contains a vinyl acetate copolymer
consisting of polymerized vinyl acetate (80%) and butyl
acrylate (20%). The h_é.rdness of the latex polymer must be
balanced _td permit 'd_rying and film <formation at low
application te:nperatures, which requires soft polymer
units, while at ,tﬁe same time the polymer must be hard -
enough in the £f£imal £film to provide resistance properties
which requ'ires hard polymer units. This is conventionally
accomplished by designing a latex polymer with a moderately
elevated Tg (glass f.ransition temperature) but then
lowei‘ing the Tg. tempbrarily with a wvolatile coalescing
solvent. Coalescing solvents function ‘to externally and
tempbrarily- plaéticize' the latex polymer for time
sufficient to develop film formation, but then diffuse out
of the coalesced £film after film formation, which permits
film formation and subsequent development of the desired .
filml hardness by the :leatilization of the coalescent.
Internal plasticization is based on coreaction of soft
monomers with hard monomers to form a polymeric copolymer

binder, such as 80/20 wvinyl acétate/butyl acrylate, to
| | This is the replacement sheet
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-32--. bl ue, cadm um pi gnents, chrom um pignents, and the |ike.

Fi I'l'er;_pi.gnents such as clay, silica, talc, mca, wol | astonite, wood
flower, barium sulfate, cal ci um carbonate and the |ike can be
added. 5 Hi storically, prior -art paints achi eved a bal ance of
progerties by making the |atex slightly too hard for LTFF to achi eve
thgﬁgack-free character, and then tenporarily 3. softening the binder
polyirer with a cdal escing solvent to achi eve the desired LTFF. However,
by using non-vgbghihethe l@esxied NEd 1 fd ity @RS Ul dic.cTfdantewait h
this I nvention, the historical relationship between Tg (or M-T)

and LTFF in t hegf ic@?blpﬂieﬁﬁ ieanserl ohitlgact scdodbedcing hsolvent| | igher
formati on and tack free character are simultaneously
levels of soft comonomer are required leading to lower Tg
polyﬁer,'.and, hence, the £final dried £ilm would be
5 undesirably soft, excessively tacky, readily stain, and
readily pick up dirt.

A significant 'sdurce of residual odour in latex
consumer paints is directly due to the coalescing solvent.
Coalescing'.solvents are typically 1linear (or slightly ~

10 branched) glycol ethers and esters of 7 to 12 carbon atoms
in length, which have boiling points typically above 200°¢,
and solubility parameters appropriate for the latex of
interest. One typical coalescing solvent ordinarily
contained in commerciai latex paints is 2,2,4-

15 trimethylpentanediol 'monoisobutyrate (Texanol® Eastman
Chemical Co.). The _odour associated with the gradual
volatilization of this solvent is considered objectionable
by consumers. Quite often the odour'lingers for days or
weeks after the paint is applied and dried. All useful

20 coalescing solvents are volatile and have similar.
objectionable characteristics. an additional deficiency in
conventional éxterior'latex paihts is the decline in crack
reéistance of the dried paint film approximately
proportional to the evaporation of the coalescing solvent.

25 While better coalesciﬁg solvents have a retention time of

about one year in dried paint films, cracking starts to

This is the replacemant sheet
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obt ai‘ned wi t hout the need for a volatile coalescing 15 solvent. The

softening ofigoner is permanent by degiga—and i t volatilize out
of the paint film - The neritH MIStﬁmgTiHﬁﬁgﬁﬁﬁq:\are further
supported b the following illustfjativeReRMHERs.
- DEJ Y ' o gCOrrpar at %d”pi €S A and B A vinyl
acé‘t_"i{'.te and butyl. acrylate 80/20 copol'yner (Ex.-4A) and a vinyl
acet at e/ butyl acrylate 60/40 copol yner (Ex. B) :

progressively appear after one year in dried paint films.

Hence, any elimination of coalescing solvents and attendant
objectionable'odours_, along with a;r pollution caused by
volatile orglanic' compounds (VOC), and £film cracking
5 deficiencie_s would repfesent both a technical and marketing
advance in the state of the art of consumer latex paints.

In polymer technologies unrelated to air-dry vinyl
acetate latex paints, preformed polymers have been
dispersed into monomers and emulsified in water, whereupon

10 the monomers are then polymerized, such .a,s disclosed in
U.S. 4,373,054 éertaining to cathodic electrocoating, or in
U.Ss. 4,313,073 pertaining to alkyd prepolymers; U.S.
4,588,757 pertaining to laminating adhesives, or in U.S.
3,953,386 and U.S. 4,011,388 pertaining to aqueous emulsion

15 blends cohtaining cellulosic ester/acrylic polymers.

It now .hé.s been -found that certain non-volatile
softening oligomeric modifiers compatible with an aqueous
emulsion addition copolymer binder in a consumer late:_c
paint can be retained in the dried paint £ilm permanently.
20 Accordingly this invention provides an aqueous é.ir-dry
| " coating compositiori including an emulsion polymerised
polymeric -binder having a Tg below 20°C which binder
cc;ntai'ns an addition copolymer of aqueous polymerised
ethylénic monomers wherein the binder alos contains 3 to

25 70% of a polyufethan aﬁd/or a polyester softening oligomer -

modifier having a molecular weight between 200 and 20,000

This is the replacement sheet
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5 were produced fromthe follow ng ingredients. . Ex. A
Ex.” ‘B, 7a) 2022 ¢ 2022 ¢ dei oni zed wat er 7.2 ¢
7.2 ¢ . MVt 80 10 4.3 ¢ 4.3 ¢ anmoni um acet at e
5.4 ¢ 5.4 ¢ A246L b) 28 ¢ 28 ¢
viayl acetate 7.0 g 7.0 g butyl acrylate 15
0.7 0.7 g  ammonium persul fate -5- c) 1360 g 1034 ¢
vinyl acetate . - 340 ¢ 677 ¢ butyl acrylate
2.4 ¢ 4297g bRILW -203¢ Gl heré&)rz the M homer modiPidrlis
anmoni um per su %t% J gl‘.g v 19 A%lGL 135 g
135 g dei on,zgdoMBt €h the aqueouslZdhposition inl%W micP8iéhrbs28n of
Warm (a) to 71?errT_C under nit rq(‘)lg_e.n W t hpgood stirring. Add (b) and
al I ow exot her ng-gptle€s ( ﬁﬁ%‘ihfl% ngpgpeet. sted of leéd tahnANIb (flickéns.
paral l el over 5 hours. Hold hour, ‘and cool .
Softening oligomer modifiers of this invention can be
5 incorporated into the paint where the oligomer will be
retained permanently in the final paint film. Hence, the
paint will not generate an odour while drying nor emit a
residual odour from the dried paint £ilm or otherwise emit
VOC's.  The softening oligomeric modifiers of this ~

10 invention externally modify the emulsion copolymer matrix
polymer and are not coreacted with the emulsion copolymer
polymeric .binder._' The soiftening 'oligomeric modifiers
appsar to function by a chain-spacing mechanism to soften
the matrix copolymers whereby the oligomeric modifiers

15 provide low temperature film formation and tack-free films
less prone to soiling at a given hardness and/or
flexibility thaan ordinarily possible. Particularly
praferred emulsion copolymer matrix polymers comprising
polyvinyl acetatz copolymers. A further advantage of this

20 invention enables the use of essentially all hard polymer
units of polyvinyl acetate without the need for internal
pl.asticization (coreaction) with soft butyl acrylate
palymeric units.

~ The present invention is based on a softening
25 oligomeric médifiers" hé.ving' a low and narrow molecular

weight range where the oligomer will not subsequently

This is the replacement sheet
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30 - Conpar ati ve Exanpl e Compari sons of soft

copdl yrer and coal esced hard copolynmer (prior art) with the current

I nvention are as fol |l ows. Prior art. Conventionally, the bal ance
of low tenperature 35 filmformation and absence of tack at anbient

t enperature I's achieved by utilizing a |latex conposition with an

- 343 elevated Tg, to achieve  absence.gof tack, and then
tenporarily reducing its Tg with a volatile coal escing - sol vent such as

Texanol, to aghegyse! outt eEP@IY Wiatfix polymer when properly dispersed
into the polymeric binder phase. Preferred oligomers are
non-volatile oligomers 'having a molecular weight between
about 300 and 10,000. Lower molecular weight compounds

5 tend to be volatile and cause excessive plasticizer
migration while higher molecular weight polymers lose low
temperature film-fo:_:ming and softening effects, although
molecular weights above 10,000 and in some instances up to
20;000 can be used with softer matrix polymers. -

10 According to a preferred process of this invention, a
low molecular weight oligomer can be surprisingly dispersed
by high shear into water under heat and pressure to provide
a submicron enmlsifi_ed aqueous mixture of oligomer stably
dispersed in water. The micro-emulsified mixture in turn,
15 can be readily mix_ed'wi_.th various emulsion latex polymers
to provide a stable mixture of dissimilar emulsions. It
was found that micro-emulsions of oligomer in water havin
an average droplet size less than about one micron enable
the oligomer particle to migrate out aof the oligomer
20 droplets then t:hrbugh the aqueous phase and into
surrounding latex polymer particles if the oligomer is
sufficiently low molecular weight oligomer; The lowest
moiecular weight oligomer particles move faster due to
micro small size and have a small but finite solubility in
25 water. A medium range '.molecular weight fraction of the low

molecular weight oligomers move through the water phase

This is the rapiacerneni shoet
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formation. While this works well, it also involves the 5 emission of the
coal esci ngssol vent into the atnosphere, whi ch contributes odour and air
pol | ut'i on. A typi cal copol ymer conposition conprises by weight 80%

and 20% butyl acrylate, as in Exanple A above. For this

the | atex contained coal escing solvent at the 10 Ilevel of 6%

vi nyl acetate
exﬁg{i ment ,

to-‘athieve a KMFT of 10[err]C. A film cast wit#r this coal esced | atex
was non-tacky at ‘'roomtenperature, but emtted volatile solvent to the

at nosphere.

into theoAasecBRTGICIRR FBkdsSAOWSFoITARE SUIRAEIDUPERBuUgh

Tg to achieve low tenperature filmformation_(60/40 VA BA),. 15 Slg

Exanpl e B abovéeverrl pBPyxSr ooreken fi Ga¥uAay¥s;s The IQZQ%W% $CRARKyY

at anbi ent use t,eng)erat ure, Wile S'zhi sl woul d i nvol e nol.\/OC em ﬁSi ons
the low mo o

to the at nosphé®+d

10

i5

20

25

t hkraction of lecular weight ave

igomer
essentially zero solubility in water and invariably remain .
within the oligomer emulsion droplets until a paint film
dries, at which time these oligomer particles physically
contact the latex particles and eventually migrate into the
latex polymer.particles during drying.

According to a desirable process of this invention, a ~
compatible organic solution of oligomeric modifier in
ethylenic monomer can be subjected to high energy shear to
prepare a sub-micron size organic phase dispersed into
water. Subsequent polymerization of the micronized monomer
droplets produces a softéned modified latex very different
from conventional emulsion or suspension polymerization
polymers. The micro aqueous suspension polymerization is
generally necessary with the oligomeric modifiers to
accomplish the requifed sub-micron aqueous emulsification
of the monomer contaiﬁing the dissolved oligomeric
modifier;' since the oligomer will not readily diffuse
during polymerization from particle to particle acrosé the
agqueous phase.

d The principal advantage of this invention is the
elimination of the odour and VOC associated with wvolatile -

coalescent solvents which are intentionally volatile and

intended to migrate out of the dried paint <£film. An
This is the replacement sheet
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coatjng invol ves a conmercially unaccept abl e bal ance of properties.
»This soft copol ymer achieves a KMFT of 10[err]Con 20 its own. A film cast
fromthis latex is extrenely tacky at roomtenperature, but emts no
solwvents to the atnosphere. Present Invention. In the present _
inVEhtion, the use of a non-vol atile external plasticizer acconplishes
al 1 thr ee goal s si mul t aneousl y: low tenpg-ature filmformtion, 25
t ack-free behavi 6r at "anbient tenperatures, and no volatile organic
eni ssions to tlesdditionsder cadvantage pertains to dried paint films
-35-
exhibiting superior toughness obtained through the use of
a hard polyvinyl acetate matrix polymer balanced with the
oligomeric modifier to accommodate softening through the
5 external addition of softening modifier while retaining the
desired dried film hardness. A further advantage pertains
to lower net cost for both interior and exterior paints
since high cost soft monomers can be avoided, volatile
coalescing agents can be eliminated and binder volume can ~
10 Dbe increased by using a permanent non-volatile softening
oligomer instead of a volatile coalescent. The resulting
dried paint films exhibit a superior balance of hardness
and flexibility while maintaining long term flexibility.
These and other advantages of this invention will become
15 more apparent by referring to the detailed description and

illustrative examples.

This is the replacement sheet
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A | ow nol ecul ar wei ght di propyl ene-adi pate ol i goner pol yester was

synt ‘hesi zed in accordance with the preferred process at a -OH - COOH
equi valent ratio of 1.25 as foll ows: 5 1629.9 grans adi pic acid
1870. 1 grans di propyl ene gl ycol 1.1 granms butyl stannoic acid
They foregoing materials were charged to a flask equi pped with a
stityer and heated up to 240[err] C maxi num 1Qgunder nitrogen along wth
water of reaction renoval and - held until a final Acid No. of 4 to 8

was obtained b OF | 16eR ] resulting polyester had ICl Cone &
Pl ate Vi scosity %Z Ié poi se at §0| err]C, and a nunber average
mol ecul ar wei ght ofpS¥E1pNctite @i Bfdrpletulsidn paind et fetibgoimeention
pol yester was used to nake an oligoneric
contains an oligomeric modified b:.nder of polymerized
ethylenic monomers to provide an aqueous emulsion addition.
5 c;polymer binder ex{:ernally modified with a non-reactive,
low molecular weight., compatible oligomer selected from a
polyester-urethang copolymer, a polyether-urethane
copolymer, a pdlyurethane-urea copolymer, a polyester-
amide, a polyester, a chlorinated aliphatic hydrocarbon and ~
10 a chlorinated fatty acid or ester, where between about 1%
and desirably between 3% and 70% by weight of the binder
comprises softening oligomer. Preferred emulsion addition
copolymers comprise vinyl acetate copolymers.
In accordance with the preferred process of this
15 invention, low molecular weight oligomer having a preferred
number average molecular weight between about 300 and 5,000
is stably dispersed into water assisted with surfactants by
heating a mixture of oligomer and water containing by
weight between about 40% and 70% oligomer.at temperatures
20 preferably between about 45°c and 60°C, and then
micronizing the heated oligomer water mixture under
substantial shear to provide the stable microemulsion of
ol'igomer dispersed aqueous emulsion having an average
microemulsion droplet size less than about ten microns.

25 The resulting oligomeric preformed microemulsion can be

blended with a wide variety of wvinyl acetate or acrylic
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prq-:e'rrul sion conprising by weight 62. 5% pol yester, 3.6% Triton X405
,surfagtantsy (70% active nonyl phenol et hoxyl ate), and 33. 9%
dei oni zed water. This corresponds to 4% surfactant based on the weight
of . polyester. The 20 pre-enulsion was formed by adding the polyester to
t hed wat er/ surfactant solution with ordinary agitation to form ‘a
pre‘@x, heating the prem x above 45 C to about-1®3- C, and t hen passing
t he ‘heated prem x through a Sonic Tripl ex Model TO02:2A-HP ultrasonic
emul sifier equilptest wolymefsOdb pgfosider @ ipolymericcdindei0fopsipaifite
resulting m xture was a stable, water dispersed, pre-enulsion of
pol yest er coatings.
In accordance with a desirable process of this
invention, the low molecular weight softening oligomer has
5 a preferred number average molecular weight between 300 and
10,'000 and is effectively dissolved in ethy]_.enically
unsaturated monomer to form a compatible organic mixture
before forming the aqueous emulsion addition matrix polymer
containing between 3% and 50% by weight oligomer. The ~
10 organic mixture is dispersed into water by high shear,
whereupon the ethylenic moncmer is polymerized to produce
a stabilized latex containing the low molecular weight
oligomeric r_nodifier.--
DETAILED DESCRIPTI OF _THE TNVENTION
15 The air-dry emulsion paint of this invention comprises
an emulsion polymer comprising an aqueous emulsion addition
copolymer ©vpolymeric binder containing a non-volatile
oligomeric modifier.
Suitable oligomeric modifijers in accordance with this
20 invention comprise low molecular weight oligomers including
urethanes consisting of polyester-urethane ccpolymers,
polyether-urethane copolymers, polyurethane-urea
copolymers; polyester polymer comprising polyester-amides
and polyester polymers. The foregoing softening oligomeric

25 modifiers function as effective external modifiers for

latex emulsion paints, and particularly for the preferred
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-36-" ol i gonmer having an emul sion particle size less than 0.7

.m crops. The oligoner pre-enulsion was then bl ended with 80/ 20 by

wei ght vinyl acetate butyl acryl ate copol yner (Exanpl e A above) havi ng
a Tg = 10[err]C at the level of 10% 5 polyester based on the wei ght of
olf."iigrrer and | atex pol yner solids or 800 grans | atex 56.5% NV was
mXedd with 77.3 grans of pol yester pre-emdlksion. Bl ending of the

ol i gomer pre-enul sion and | atex was at room tenperature, mxed

t horoughl y forpebpvinphacetate bhigdereforadnsrrdmrd lasexePaintsat room

tenperature for about 24_hours wthout further |, m xi ng. The ol i goner
nodi fied |atex provWeefuhmexrerlapile oligomenieqedifisrshaye a number

Exanpl e 2 ' '
P average molecular weight range between about 200 and

20,000, preferably between 300 and 10,000 and most
5 preferablir between 300 and 5,000. . A preferred
characterization of .the oligomer modifier is in units of
degree of polymerization (DP Units) which refers to the
repeating monomer units without regard to molecular weight
although the molecular weight is maintained relatively low
10 as indicated. DP units defines the approximate chain
length of the oligomers without regard to side units. The
oligomeric modifier of this invention should have a DP
between about 2 and 100, preferably between 2 and 50 and
most preferably between 2 and 20 DP units. Useful oligomer
15 modifiers have low Tg's' to sufficiently impart a
plasticizing effect on the matrix emulsion copolymer.
Useful Tg’s of the oligomeric modifier measured by
Differential Scanning Calorimetry (DSC) at 10°C/minute scan
rate are less than -20°, preferably less. than -40°C and
20 most preferably below -50°c. The level of oligomer
"modifier needed can valry considerably in the final latex.
The level required depends on the inherent séftening
efficiency of the oligomer (estimated by its Tg) and the Tg
of the matrix. (parent) polymer. The Fox equatiori is useful
25 for estimating the level needed: |
1/Tg (mix) = ('Wp/Tg' p) + -(Wm/Tg, o
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In.a,manner simlar to Exanple 1, a | ow nolecular 15 weight polyester
prepolsynmer swas prepared at a -OH - COOH equi valent ratio of 1.186 as
fol |l ows: 1675.1 grans adi pic acid 1823. 4 grans
deﬁoperne glycol 20 0.5 grans triphenyl phosphine

1”139rans butyl stannoic acid The pol yester was synthesized at |ess

t harn' 240[err] C to obtain. a 4-8 Acid No. s12ng wth a 32-38 poise
viscosity at 30 C, ~a nunper average nol ecul ar wei ght of 970, and a Tg
of - 25 50 [¥99ec.  Thelwixlpr@lass e tinansiddan ctemperatumeough she

Sonol ator to an enulsion particle size |less than 0.7 ) )
' - modified polymer (which is a mixture);

Wb' W, = weight fraction of the parent (matrix)
polymer and oligomeric modifier,
5 _ respectively;
T ;. = itd
g, D Tg' m glass transition temperature of the

parent (metrix) polymer and the oligomeric modifier,
respectively.
Thus, the level of oligomeric modifier required is directly

10 related to ‘the Tg of the parent matrix polymer, and
inversely related to the Tg of the oligomer. Hence, the
lower oligomer Tg will more efficiently soften the emulsion
addition matrix polymer provided the oligomer and matrix
polymer are compatible.

15 Compatibility of a polymeric mixture is commonly said
to exist when the mixture remains substantially optically
clear, which indicates tﬁe two components are mutually
soluble. In this inﬁention, compatibility is intended to
mean that the oligomeric modifier is soluble in the matrix

20 polymer in the solid state. Complete compatibility is
believed to exist'when these conditions are met: iﬁ the
solid state the mixture has a Tg (DSC, DMA) intermediate
between the Tg's of the two components; the absence of
component Tg transitions; the mixture Tg is smoothly

25 dependent on level of modifier; and the mixture Tg follows

a mixing rule such as the Fox equation. Tg’s of mixtures
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-37-7 m crons. The oligomer pre-emnulsion .was m xed with the 80/ 20

_vinyl ;acetate butyl acrylate copolyner latex in the manner of Exanpl e
1. _ Exampl e 3 5 White senm -gl oss | at ex
paints were prepared from any one of the foregoing enul sion polyners
desqribed in Examples 1 or 2 fromthe follow ng ingredients:

PIGVENT GRIND: G oup | ngr edi 23t G ans
10 A ' - Water 151. 68 A
Thi ckener depend on the Tg’'s gf the two components, concentrations of

the two components, and compatibility of the two
components. The present invention pertains to
substantially compatible components.

5 In accordance with this invention, low molecular
weight polyurethane oligomers such as polyester-urethanes,
polyether-urethanes, polyether urethane-urea copolymers,
and polyester polymers including polyester-amide copolymers
can be utilized as external softening oligomers in the

10 polyvinyl acetate binder matrix polymers. Useful
polyurethane copolymers typically contain urethane groups
in the polymer backbone and ars produced by reacting excess
equivalents of diol or polyol with lesser equivalents of
di- or polyisocyanate. The polyisocyanates can be di- or

15 triisocyanates such as for example 2,4- and 2,6- toluense
diisocyanate, phenylene diisocyanate; hexamethylene or
tetramethylene diisocyanate, 1,5-naphthalene diisocyanate,
ethylene or propylene diisocyanate, trimethylene or
tr:.phenyl or tri nnenylsu“ fone triisocyanate, and similar

20 di- or triisocyanates. The polyisocyanate can be generally
selected from the .group of aliphatic, cyclo-aliphatic and
aromatic polyisocyanates such as for example hexamethylene
1,6-diisocyanate, isophorone diisocyanate, diisocyanate,
1,4-dimethyl cycloh-exane, diphenylmethane'diisocyanate 2,4-

25 toluene diisocyanate, '_2, 6-toluene diisocyanate and mixtures

thereof, polymethylene polyphenyl polyisoeyanate.
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AL Anmoni a (28% .01 B

Sur fact ant 5.00 C Def oaner

2.00 15 C Sur'f act ant 2.00 D
Tigderr] pignment 145. 00 D o Cl ay extender
pi-gﬁgnt 50. 00 G oup A ingredients were added to Cow es

di spersi ng equi prent and m xed for 5 nminolés. Group B and then C 20
i ngredi ents were added with continued mi xi ng under slaow - agitation,

Group D ingredi ent sPokYeskgdsurarbanesi gifaipedee Progycest i ochteRd §iPhs
for 15 mnutes or until aHe%man 5.5 . Wwas attained. The fore oing_is
the grind portFemPEESiRg hydroxyl,funciiqnaingglyestey Rpplymer prepared

' ngredi ent by conventionglangsterification polymerization techniques
from the common dicarboxylic acids and dihydroxyl

5 functional reactants. Suitable carboxylic acids include
adipic acid, succinic acid and anhydride, azelaic acid,
maleic acid and anhydride, and other aliphatic carboxylic
acids. Aromatic dicarboxylic acids include isophthalic
acid, phthalic acid and anhydride, terephthalic acid,

10 trimelitic anhydride and the like. Lesser amounts of mono-
functional acids can be included, such as benzoic acid, 2-
ethylhexanoic -acid, if desired. Suitable dihydroxy
functional nxaﬁer_ials include ethylene and propylene glycol,
dipropylene glycol, diethylene glycol, neopentyl glycol,

15 trimethylol propane, and lesser amounts of mono-functional
alcohols such as benzyl alcohol and hexanol, if desired.
Polyester prepolymers are generally prepared with excess
hydroxyl functicnality at molecular weights ranging from
about 100 to 10,000 opreferably about .200 to 2,000.

20 Polyester prepolymers can be used alone or in combination
with polyethers ~as hydroxyl functional prepolymers.
Suitable hydroxyl functional polyether prepolymers include
po'lyethylene oxide, polypropylene oxide, polybutylene
oxide, and te_'tramethylene oxide where the polyether

25 prepolymers have a mqlecular weight between about 100 and

10,000. Preferred polyethers used in the preferred process
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- 38 E Wat er 33.00 F

Mat er i 33.00 F : Thi ckener
3.50 F Ammoni a Hydr oxi de .01 5 G
Preservative 1.00 H Def oaner

5:: 01 H : Propyl ene gl ycol 40. 00 H
SUf act ant 4.50 H -15- Rheol ogy

Modi fi er (Ex. 1 or 2)- 9,00
have a number average molecular welght between about 300

and 5,000. '
The polyesters and/or polyether prepolymers are then
reacted with diisocyanate to advance the prepolymers to a .
5 molecular weight of abont 200 to 20,000 and preferably
between 300 and 10,000, and most preferably between 300 and
5,000, to form polyester er-polyether urethane oligomers of
this invention. Diisocyanates are used preferably at an
equivalent rabio of about 1 isocyanate group to 1.1 to 10
10 hydroxyl groups. Ratios of about 1.5 to 3 hydroxyl groups
per isocyanate group are preferred. Preferred
diisocyanates include toluene diisocyanate, isophorone
diisocyanate, 1,6-hexane diisocyanate, diphenylmethane
diisocyanate, and the 1like. Catalysts such as
15 dibutyltindilaurate, tin oxide and the like can be used to
increase the isocyanate reaction rate with the hydrexyl
polyester or polyether prepolymer at temperatures of about
‘30 to 120°C and preferably at about 70° bo 100°c. |
| The polyesber or polyether urethane copolymers can be
20 further extended with diamine or polyamine, if desired, to
produce polyurethane-urea copolymer useful as a softening
oligomer modifier in polyvinyl acetate binder matrix
pelymers in accordance with this invention. In this
regard, primary diamine or polyamine can be added to an
25 isocyanate Eerminated polyurethane internediate containing

unreacted pendant or terminal isocyanate groups obtained by
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10 H Sur f act ant 3. 00 I
Lat ex s(Ex. «1 or 2) 393. 00 I Qpacifier |atex
105. 00 Goup E ingredients were added in separate vessel, followed
by, Prem x F added to E ingredients with slow speed 15 agitation. Goup G
I ngr.edi ents were added at sl ow speed. Premi x Hingredients were then
added to vessel. Premx | i ngredi ents wespe+ xed for 30 m nutes and
t hen added to " vessel. The final conposition was m xed for 1 hour.
The f or egfdagrimg t lecdeatsd owqruisrailientsof ofheipacyanat20 raT&Xipal Njo
The | etdowns above were added to the pignent grind above under sl ow
speed agitati duoyduwaicyl | oegdivalenks in f ch® hpolyesPeirnt dif | npolyerhene
foregoing | atex paints were drawn down at 1 ml, air dried for at
| east 24 hour prepolymers. The primary diamines readily react with the
isocyanate functional intermediate to chain extend the
5 polyurethane to a polyurethane-urea of a higher molecular
weight. Alternatively amine can be prereacted with the
diisocyanate pfior to reacting with polyol. Suitable
primary amines for chain extension include hexamethylene
diamine, 2-methyl-pentanediamine and similar aliphatic
10 diamines. Polyester and polyether urethane copolymers or
polyurethanes extended with diamine to form polyurethane-
ureas exhibit excellent compatibility with vinyl acetate
monomers as w2ll as the resulting polyvinylacetate
polymers. Polyurethane intermediate molecular weights
15 before chain extension can be between 400 and 10,000 while
after chain extension with the diamine the final molecular
weight of the polyurethane-urea can be between about 800
and 20,000. Preferred polyurethanes used in the preferred
process exhibit intermediate molecular weights before chain
20 extensidn between 200 and 2,000 with chain extended
molecular weights between 300 and 5,000.
A particularly preferred non-reactive oligomer useful
as a softéning_ oligomer modifier in this invention
comprises a'pclyester polymer. In accordance with this

25 invention, a low molecular weight ester or polyester can be

dissolved in the ethylenically unsaturated monomer,
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25.and then tested for the following results:

~39- & 7 LTFF Paint Ex. 1 Pai nt Ex.
70F pass pass 50[err]F
pass ' pass 5 40[err]F pass
pass Dried paint filnms are considered to pass |ow tenperature
flanfornatlon (LTFF) if the dried coating haslide tacklng and is

visible under ten-tinpes magnification,
suspended in water, and the aqueous suspension micronized

prior to polymerization of the monomers. Useful polyester
oligomers comprise esterification réaction products of
diols with dicarboxylic acids or a functional equivalent
5 with minor amounts of.polyol or polyacid if desired, to
produce a low acid number polyester polymer. Suitable
esters and polyesters for blending have molecular weights
between about 200 and 20,000, preferably less than 10,000,
and include the linear and branched esters and polyesters
10 formed from saturated dicarboxylic acids such AS adipic
acid, glutaric acid, succinic acid, and other such linear
aliphatic acids, acid anhydrides, and lower alkyl esters
thereof; phthalic acig, isophthélic acid, trimellitic
anhydride, and other aromatic acids, acid anhydrides, and
15 1lower alkyl esters thereof; monoacids such as benzoic acid,
2-ethylhexanoic acid and other aromatic and aliphatic
acids, which if desiréd, may be used in minor amounts to
end cap and - limit molecular weight. Minor amounts of
unsaturated dicafboxylic acids such as fumaric or maleic
20 acid can be inciuvded, if desired; to enhance grafting with
polymerized " ethylenic monomers, which promotes
compatibility and permanence of the oligomer in the matrix
pdlyvinyl acetate polymer.
Diol functional materials include diethylene glycol,
25 neopentyl glycol, 2-methyl pentane diocl, ethylene glycol,

butylene glycol, propylene glycol, dipropylene glycol and
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Exanple 4 10 , The foll ow ng data was generated by bl endi ng an
emul si:on ofi an MPD/ ADA nodi fier (nethyl propane diol/adipic acid
pol yester of MWca 1200) with the vinyl acetate honopol ynmer | at ex.
Th' MPDY ADA ol i goner nodifier was prepared as in Exanple 1 by
regﬁilng: 15 877 gns of adipic acid 630. 7 gns of
2-met hyl - 1, 3- propane di ol 0.2 ’&ﬁﬁ of butyl stanoic acid

IZtBLE”‘:i Ator niher L hA7 CRTpREOBRC B RARRah SO 4 (EhTb TRRRP onSARsPSe.
PCT butylcellosolvgtfgﬁky&fé@r'y@%i,M%ﬂé'éﬁL(ﬁiﬁ@?-as well as
hydroxy acids such as lactic acid, and lesser amounts of
triols and polyols, such as trimethylol propane and ethane,
5 and pentaerythritol. Acids can be used in carboxyl form,
anhydride form, or an ester form, such as the methyl ester
form, with the above diols to form linear and branched
polyesters desirably having an Acid No. below about 20, and
a molecular weight between 200 and 20,000, desirably
10 Dbetween 300 and 10,000, and preferably between about 300
and 5,000. Polyesters of diethylene or dipropylene glycol
with adipic acid are preferred. The low molecular weight
esters and polyesters lower the Tg of the blend and can
eliminate the need for expensive comonomers such as butyl
15 acrylate. Thus, low molecular weight esters and polYesters
.can be effectively used to pro?ide excelledt, non-tacky,
paint f£ilms without-the inclusion of coalescing solvents.
Polyester amide oligomeric modifiers are formed by the
rezction of diols and diamines with dicarboxylic acids or
20 esters. In a preferred process, methyl esters of adipic,
glutéric, isophthalic or other common dicarboxylic acids
are transesterified with diols and diamines at about 150°C
to 250°C in the presence of common esterification catalysts
such as butylstanoic acid. Typically greater amounts of
25 diols, such as diethylene and dipropylene glycdl, neopentyl

glycol and the like are used with lesser amounts of
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Modi i er Initial After After 25 (Ex. 4)

(Ca. *30[err] O 24 Hours 5 Days 20 20
13 18 30 13 9

14 40 10 7 10 30

- 40— 0 35 As can be seen,

ol izganmeric nodifier appears to diffuse int;gythe latex, lowering its
MFT.”" The Fox Equation® 5 relationship appears to hold quite well for

bl ends of AAWHD] € oldfairers g th | alexeRdiledPEmenkl, ML € - Medhi10N

pentanediamine, or the longer chain amines (e.g. Jeffamine-

Texaco) . Lesser amounts of monoacids, monoesters, alcohols

and amines, or polyacid, polyols, or polyamines can be
5 added, if desired.

Suitable chlorinated aliphatic modifiers useful as
external plasticizers in accordance with this invention
include chlorinated hYdroc_arbon materials selected £rom
chlorinated paraffins, chlorinated fatty écids, and

10 chlorinated fatty acid esters. Useful molecular weights of
the chlorinated materials range from about 150 to about
5,000, and chlorine contents can range from 5% to 70% by
weight. Industrially produced chlorinated materials
generally are not pure compounds, but comprise a mixture of

15 compounds with chlorine atoms substituted at various
positions on the paraffin and fatty acid chain.
Chlorinated paraffiné for instance are chlorinated
hydrocarbons having a chlorine content between about 20%
and 70% by weight and preferably between. 30% and 50% by

20 weight. Chlorinated paraffins ordinarily are miscible with
organic solvent including liquid ethylenic monomers, but
are insoluble- in water and hence will not migrate into
pélymer particles if added to the aqueous phase of a latex.
Chlorinated fatty acids comprise chlorinated unsaturated

25 fatty acid such as lauroleic, myristoleic, palmitoleic,

oleic, recinoleic, linoleic, eleostearic, liconic, and
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of the oligoneric nodifier which diffused into the | atex. Table 2

_sﬂnﬁarizes;these cal cul ati ons: TABLE 2 10

Esti mated Extent of Diffusion PCT Modifier Pct

Di.f fused 20 65 ' 30

567 40 50 15 It was found

thad the foregoing MPD/ ADA ofigoneric20edifier is effective as a

f|1n}forn1ng nmodr fier: i n accordance with this invention but is not as

effective similape Eedify caaddd depived| Eromgllinseqd| pddtertwng Efaa-llpl es

1 and 2. 20 Exanples 5 - 8

series of pol geybeannmiiX. casdwsaf fdayer edils and similar unsaturated
vegetable oils. Chlorinated fatty acid esters are

chlorinated fatty acids esterified with low molecular
5 weight alcohols. In accordance with the process of this
invention, the chlorinated compounds are soluble in thé
vinyl acetate monomer whereby a solution of monomer
containing chlorinated paraffin or fatty acid or fatty acid
esters can be suspended in‘water with the aid of common
10 surfactants and very high mechanical shear or ultrasound.
The chlorinated modifier can be dissolved in vinyl acetate
monomer at weight levels of 1% to 90%, desirably between 3%
and 50%, and preferably between 10% and 25% by weight
chlorinated modifier based on the modifier and monomeric

15 mixture. |
In accordance with preferred aspects of this
invention, it has been found that very low molecular weight
oligomer modifier can beldispersed into water under high
shear at temperatures between about 20°C and 100°C and
20 preferably between about 45°C and 60°C, where the cligomer
weight percent and the oligomer weight in the resulting
emulsion is between about 40% and 70% by weight and most
préferably between about 55% and 65% by weight oligomer.
It has been found that high shear of the oligomer in water
25 under these parameters produces micronized emulsion

droplets having a micronized particle size below 10 microns
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foll ows: TABLE 3

Ex.- 5 ¢ £X. 6 Ex. 7 Ex. 25 8 Neopentyl gl ycol 416. 8
312.6 Azel aic acid 564. 6 376.4 -41-
Adi pic acid 146. 2 584. 8
Di pr.:qpyl ene gl ycol --- . 268. 4
2 S | -21-

will enable the low molecular weight oligémer to diffuse
from the preformed emulsion into a preformed latex emulsion
polymer. Preferred microemulsions have an average particle
droplet size between 0.1 and 1 micron. The rate of

5 diffusion increases considerably by small preemulsion
particles where the rate of diffusion is particularly fast
and efficient for preformed emulsions having a particle
size preferably between 0.1 and 1 micron. It has been
found that efficient and complete diffusion of the low

10 molecular weight oligomer particles can be achieved with
preferred submicron emulsion particles, whereby oligomer
present sufficiently diffuses into the latex particles to
avoid any residual tackiness which may result from higher

" molecular weight residues that could not readily diffuse
15 into the latex matrix polymer particles. Accordingly, it
has been found that oligomer having a more preferred number
average molecular weight below 1500 and most preferably
between 500 and 1000 not only increase the quantity of
oligomer diffusion, but increases diffusion efficiency into

20 the latex matrix particles and advantageously avoids tacky
film forming polymer binders. Thus, direct microﬁized
emulsification of the oligomer into water enables the
m’icronized preemulsion to be easily blended with a &ide
variety .of latex emulsion matrix polymers. The resulting

25 diffused 6ligomer modified latex matrix polymer comprises

a plasticized latex emulsion polymer containing modifying
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Benzoic acid --- --- 183. 2 5 2-nethyl -1, 3-

pr opane di ol --- 180. 2 2- et hyl hexanol ---

- --- 520.8 10 Butyl stanoic acid 0.2 0.2
0.2 0.4 The pol yester oligoners were synthesized as in Exanple 1
Exanple 9 15 A pol yester am de was prepared as fol | ows:

13:4 g 2-net hyl - 1, 5- pent ane di am ne -22- 100.3 g DBE-3

(DuPont, di methyl ™ adi pat e)
oligomer but contains no wvolatile organlc matter. Paint

films are capable of achieving both low temperature film
formation beloﬁ' about 10°C and tack free surfaces at
ambient room temperature air dry conditions.

5 In accordance with this aspect of the invention, the
three-dimensional solubility parameters of the oligomeric
modifier must match well with that of the latex polymer in
ordef for plasticization to occur, which may describe a
boundary for this invention in term of hydrophobicity. For

10 example, a butyl acrylate/styrene copolymer latex would
require a much more hydrophobic modifier than a wvinyl
acetate homooolymer. In turn, the ability of the
oligomeric modlzler to diffuse from the m1croemu131on to
the latex polymer should decline with decreasing

15 hydrophobicity. This could be counteracted to some extent
by reducing molecular weight although oligomeric molecular
weight above about 300 are needed to maintain permanency
and zero VOC ccaditions. Preferred oligomers are non-
volatile oligomers hawving a molecular weight between about

20 300 and 5,000. Lower molecular weight compounds tend to be
volatile and cause excessive plasticizer migration thle
higher molecular weight polymers lose low temperature film-
férming and. softening effects.

The.oligomer preemulsion can be formed in accordance

25 with the preferred process of the invention by forming a

normally incompatible mixture of water and oligomer
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77.4 g di propyl ene gl ycol 0.1g butyl stanoic acid 20

_Heat under :nitrogen with good agitation to about 220[err] C Use a

gl ass bead packed colum to distill off nmet hanol , keepi ng col unm head
tenperature at 65 [err]C. Switch to a trap when distillation slows
ddﬁm Cool after 4 hours at 200[err]C. 25 Enmul si ons of the
nmodiXiers were prepared as in Exanpl e 1 =88l bl ended with a commerci al
acrylic latex (8 C -42- TQ,

DSC, net hyl netdempBisdng Retyveer r fbaus) 40% andt79Enby welght oligomer.

The oligomer can be suspended in water with mixing to form
a'coarse suspension using the common latex surfactants or
stabilizers, such as the sulfosuccinates, the sulfates,

5 wvarious ethoxylated phenols, and the like. The coarse
suspension is then micronized under very high shear to very
fine particle size emulsion droplets of average size of
less than io microns, preferably less than 1 micron, and
most preferably less than 0.7 micron. High mechanical

10 shear and/or ultrasound as well as other high shear devices
can be used to form the microemulsion. Grinding the
oligomeric modifier into an agueous mixture of pigments is

a satisfactory method of forming the micro-preemulsion.
Suitable surfactants are used at about 0.1% to 5% by weight

15 (based on solids) and include the nonionic surfactants such
as various ethoxylated phenols, block .copolymers of
ethylene oxide and propylene oxide, anionic surfactants
such as sulfosuccinates, sulfates, and sulfonates, and the
like (sulfosuccinates such as hexyl, octyl, and hexadecyl

20 sulfosuccinate are preferred). Suitable surfactants
include thé various sulfosuccinates such as hexyl, octyl,

and hexadecyl sulfosuccinate, the various alkyl and alkyl-
aromatic sulfates and sulfonates, as well as the various
nonionic ethylene oxide surfactants. In accordance with

25 this aspect of the invention, the modifying oligomers are

dispersed into water and micronized into a microemulsion,
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| atex (37 C Tg, DSC, styrene-ethyl-acrylate) as foll ows:

PAI NT ‘FORMILA A) Prem x the foll ow ng conponents: 5

G ans wat er 200 cel l ul osi c thickener
1.0 preservative 2.0 def oamner

1.0y 10 polyneric dispersant 6.0 sur f act ant

4."@:;.,.;\_ B) Add the following to (A) -and di spepge 5 m nutes at

moder at e speed: o Gams 15 tjitanium
di oxi de whereupod 6€h€ oligomer micro-preemulsion can be mixed with

a preformed emulsiog latex copolymer of copolymerized
ethylenic monomers;

In accordance with another aspect of this invention,

5 the oligomers can be solubilized in ethylenic monomer, then

dispersed into water and micronized into a microemulsion.

The ethylenic monomers are then polymerized to produce a

polymeric binder comprising emﬁlsion polymerized ethylenic

monomer. The preferred ethylenic monomer is vinyl acetate,

10 although other ethylenic monomers can be copolymerized with

the vinyl acetate monomer to produce a preferred copolymer

containing by weight less than 60% and preferably less than

30% and most preferably less than 20% other ethylenic

monomer. The oligomefs can be diésolved in the

15 ethylenically unsaturated monomers to form a fluid organic

solution containing above 1% and desirably between azbout 3%

and 50% and preferably between 10% and 25% by weight

oligomer based on the weight of the organic monomer

solution. This organic mixture of oligomer and monomer is

20 then suspended in water with high shear mixXing to form a

coarse suspension using the common latex surfactants as

stabilizers. Suitable surfactants are used at about 0.1 to

5% by weight (based on solids) and include the nonionic

surfactants such as various ethoxylated phenols, block

25 copolymers of ethylene oxide and propylene oxide, anionic

surfactants such as sulfosuccinates, sulfates, and
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ext ender pi gnent 132. 65 crystalline silica

85. 65 ~ icoll oidal silicate 2.00 C) Add the follow ng
to (A) and (B) m xture and mx 15 20 minutes at hi gh speed:

G ans wat er 100 def oamner

2.0 ) D) Prem x the follow ng and then add to the above and mx 25 15
m nutes at | ow speed: ' -25- G ans

sulfonates, and the like (sulfosuccinat:es'such as hexyl,
octyl, and hexadecyl sulfosuccinate are preferred). The
coarse suspension is then micronized to very fine particle
size emulsion droplets of average size_ of less than 5
5 microns, preferably less than 1 micron, and most preferably
less than 0.7 micron. High mechanical shear and/or
ultrasound can be used to form the microemulsion. Typical
additional ingredients include buffers, acrylic acid,
sodium salt of acrylamido .methyl propané sulfonic acid
10 (NaAMPS) ordinarily added at 0.1% to 5% by weight levels
based on solids. Initiators such as persulfate, peroxide,
and azo initiators can be added before or after suspension
of the organic mixture in water. Redox catalysts can be
added if desired. Polymerization can be accomplished by .
15 simply raising the suspension temperature to about 70°¢C to
80°¢ using persulfate initiators. Initial reflux of vinyl
acetate will be at 67°C, but the temperature will rise with
monomer polymerization conversion. Additional ethylenic
monomer can be added, preferably after the preformed
20 suspended addition copolymsr emulsicn and other monomer
have polymerized. |
In accordance with either process of this invention,
the emulsion polymerized ethylenic monomers produce a
matrix polymer of polymerized monomer where the most
25 preferred polymeric binders comprise homopolymers of wvinyl

acetate. On a weight basis, the polymeric binders can
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-43-+ wat er 60.0 cel I ul osi ¢ thickener

4.5 " E) Add the following and m x 15 m nutes noderate speed:

G ans 5 nodified | atex 264 " F) Add the follow ng
conponents to the above m xture: - G ans
Vater 70 def oamer 3.0
10%:ol yur et hane associ ati ve t'hi ckener-26- 10.0
TABLE 4 Acryllc Lat ex:

comprise between 40% and 100% polymerlzed vinyl acetate
with the balance being other ethylenic monomers. Preferred
polymeric binders containing at 1least 70% by weight
polymerized vinyl acetate and most preferred 80% to 100%

5 wvinyl acetate. However, exterior latex paints based on
acrylic emulsion matrix copolymers predominantly of
copolymerized acrylic and styrene monomers comprising
between 50% and 100% by weight acrylic monomers are
particularly useful for exterior air dry latex paints.

10 Vinyl acetate copolymers are useful for exterior paints
although acrylic copolymer are preferred.

In either vinyl acetate or acrylic copolymers, other
copolymerizable ethylenic monomers comprise ethylenically
unsaturated monomers containing carbon-to-carbon, allylic

15 monomers, acrylamide monomers, and mono- and dicarboxylic
unsaturated acids. Vinyl esters include vinyl propionate,
vinyl laurate, vinyl decanocate, vinyl butyrates, vinyl
benzoates, wvinyl isopropyl acetates and similar wvinyl
esters; vinyl aliphatic hydrocarbon moncmers include vinyl

20 chloride and vinylidene chloride as well as alpha olefins
such as ethylene, propylene, isobutylene, as well as
conjugated dienes such as 1,3 butadiene, methyl-2-
bufadiene, 1,3-piperylene, 2,3-dimethyl butadiene,
isoprene, cyclohexane, cyclopentadiene, and

25 dicyclopentadiene; and vinyl alkyl ethers include methyl

vinyl ether, isopropyl vinyl ether, n-butyl vinyl ether,
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Exanpl e "~ Modi fier 40[err]F LTFF 15 10

5% Exanpl e 5 pass 11 5% Exanpl e 6

pass 12 - 5% Exanmple 7 pass 13

5% Exanple 8 pass 14 5% Exanpl e 9

pass 20 15 None - fail Styrene
Lat 9%‘ Example Modi-fier -27- 70[err] F LTFF
16 - Exanmple 7 pass 17

None and isobutYfLa‘v':Ln y25ether. rylie ddeand A BxeIpdéeslower
illustrate the process o this i nventlon where the oligomer is m xed

wi th ethyl eni calkyl esters of acrylic or methacrylic acid having an alkyl
ester portion containing between 1 to 12 carbon atoms as
well as aromatic derivatives of acrylic and methacrylic
5 acid. Useful acrylic monomers include, for example,
acrylic and methacrylic acid, methyl 'acrylate and
methacrylate, ethyl acrylate and methacrylate, butyl
acrylate and methacrylate, propyl acrylate and
methacrylate, 2-ethyl hexYl acrylate and methacrylate,
10 cyclohexyl acrylate and methacrylate, decyl acrylate and
methacrylate, isodecyl acrylate and methacrylate, benzyl
acrylate and methacrylate, and various reaction products
such as butyl, phenyl, and cresyl glycidyl ethers reacted
with acrylic and methacrylic acids, hydroxyl alkyl'
15 acrylatés and methaCrylates such as hydroxyethyl and
hydroxypropyl acrylates and methacrylates, amino acrylates,
methacrylates as well as acrylic acids such as acrylic and
methacrylic acid, ethacrylic acigd, alpha-chloroacrylic.
acid, alpha-cycanoacrylic acid, crotonic acid, beta-
20 acryloxy propionic acid, and beta-styrl dcrylic acid.
Particularly preferred comonomers include acrylates such as
methyl, ethyl, propyl, butyl (linear and branched), 2-ethyl
héxyl; methacrylates such as methyl, ethyl, propyl, butyl
(linear and branched), 2-ethyl hexyl; vinyl esters such as
25 acetate, proprionate, butyrate, pentanocate (neo 5),

nonanoate (neo %), 2-ethyl hexanoate, decanoate (neo 10);
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-44-. nmonomer prior to enul sion polynerization. Polyesters with a

range of nol ecul ar wei ghts and structures can function as ef fective
non-vol atil e plasticizing and coal esci ng agents for emul sion addition
copplyners wher e conmononer is not 5 needed with vinyl acetate pol yner
and !coal escing aid is not required for good filmformation. Avoi di ng
t he. dise of coal escing solvents i's p055|b+%8because t he hi gher

nmol ecul ar wei ght pol yesters are di ssolved in polyvinyl - acet at e nononer
and then di speaa@d qther m@@yltﬁ;um gRonenaTs 1§u§hd/é$ ufER¥4688Rd pYiRYlto

pol ymeri zation of the pol¥_ X acetate as |Ilusé[ated in_the
fol | owi ng exanppkeride, nylidene chioride and butadiene. Very minor

amounts of divinyl monomers such as divinyl benzene can be

copolymerized if desired. For exterior latex paints, the

5 matrix copolymer ordinarily comprises copolymerized acrylic

monomers where the acrylic copolymer content can be between
about 40% and 100% by weight of the copolymer.

The preferred matrix copolymer comprises emulsion

polymerized vinyi acetate monomer to produce a matrix

10 polymeric binder of polymerized wvinyl acetate where the

most preferred polymeric binders comprise homopolymers of

vinyl acetate. On a weight basis, the preferred polymeric

binders comprise between 40% and 100% polymerized vinyl

acetate with the balance being other ethylenic monomers.

15 Preferred polymeric binders contain at least 70% by weight

polymerized vinyl acetate and most preferred 80% to 100%

vinyl acetate. The number average molecular weight of the

polymeric wvinyl acetate binders should be between about

30,000 and 10,000,000 and preferably between 50,000 and

20 1,000,000 as measured by GPC (gel permeation

chromatography) according to ASTM D3016-78, D3536-76, and

D3593-80. The Tg or softening point of the modified

pélymeric binder particles should be less than 20°%C as

measured by differential scanning calorimetry, preferably

25 less than 10°C, most preferably <5°C. The MFT (minimum film

formation temperature) is an alternative measure of polymer
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The‘follomﬁng exanpl es reflect the process of this invention wherein

t he ol goner is dispersed into nononmer and then m cronized into water
foll owed by 15 copol ynerization of the nonomner

Exampl e 10 An adi pate pol yester oligomer was prepared as

f ol llows: _ _ Gams 20
Adipi'c acid - _ -2938. 6 Di et hyl ene gl ycol
382 Butyl s oi c_acid . 0.5 The above
raw material s %\Aﬁ@ hEQTRALLAR, Seteringdon  thfdePeRthi FAdeh PRnkdt

above a col umm
few degrees higher than the Tg of the latex. MFT should be

W th mechani cal gtireinge o JAOLEL W angfid A HEENOALEC NP AECRELP!HT e

less than 20°C, preferably less than 15°C, most preferred

5 1less than 10°C. The LTFF (low temperature f£ilm formation)
is a film forming test run on the fully formulated paint.
LTFF typically is reported as the lowest temperature at
which no cracking is observed, or alternatively, the amount

of coalescent or oligomer needed to achieve 40°F failure-

10 free coatings. LTFF should be less than 50°F (10°%),
preferably less than 40°F (5°C). The distinction with LTFF

is that other paint ingredients may have either an
elevating influence (fillers, pigments) oxr depressing
(surfactants, incidental solvents in additives) effect on

15 LTFF relative to the MFT, which is measured on the latex
alone. In turn, the MFT is measured from the wet state,
and therefore includes the plasticizing effect of water,
while the Tg is measured on an anhydrous sample of latex
£film, which does not include the water plasticizing effect.

20 Latex paints are formulated to achieve LTFF of less than

°z (10%), preferably less than 40% (5°c). It is also

50
necessary for the final dried films to not be tacky at
normal use temperatures (60-110°F). The poiymeric binder
contains between about 5% and 45% by weight softening

25 oligomer with.the balance being copolymer matrix polymer.
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gl ass beads to regul ate the esterification reaction. Wth
a‘ head tenperature of 98C, the reaction tenperature _
increased slowy to 220[err].C, where the tenperature was held for 2

- 45-

hours and then cool ed.

An aqueous suspensi on of vinyl

acetlat e nononer 5 and the above adi pate polyester was prepared fromthe
fol}bvmng materials. . -30-
a) deioni zed water 2000

G ans

10

15

20

25

The ethylenic monomers can be polymern.zed in an
aqueous polymerization med:.um by adding other emulsion
polymerization ingredients. Initiators can include for
example, typical free radical and redox types such as
hydrogen peroxide, t-butyl hydroperoxide, di-t-butyl
peroxide, benzoyl peroxidé, benzoyl hydroperoxide, 2,4-
dichlorobenzoyl peroxide, t-butyl peracetate,
azdbisisobutyronitrile, ammonium  persulfate, sodium
persulfate, potassium persulfate, sodium perphosphate,
potassium perphosphate, isopropyl peroxycarbonate, and
redox initiators such as sodium persulfate-sodium
formaldehyde sulfoxylate, cumene hydroperoxide-sodium
metabisulfite, potassium persulfate-sodium Dbisulfite,
cumene hydroperoxide-iron (II) sulfate. Redox systems
consist of oxidants and reductants, which can be mixed in
any pair. Transition metals such as iron can be used as
accelerators for initiators for redox couples. The
polymerization initiators are usually added in amounts
between about 0.1 to 2 weight percent based on the monomer
additions.

Suitable anionic surfactants include for example,
salts of fatty acids such as sodium and potassium salts of
stfearic, palmetﬁic, oleic, lauric, and tall oil acids, salts
of sulfated fatty alcohols, salts of phosphoric acid esters
of pol?ethylated long chain alcohols and phenols.

Preferred anionic surfactants include for example,
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MM 80, Mbna Chenical [err] 11.2 10 (NH err])

HCO err] : 2.5 NaAMPS, Lubri zol Corp.
2.5 vi nyl acetate nonomer 625 b)
pokyester from above 312 MI- 70, Mbna
Ch_e_ﬁical[err] 5.6 15 c) (NH[err])[err] S[err]O[err]
5.°0:f d) vinyl . acet ate nonomner

MI-70[ err]

di hexyl sul { oSHREREere %Wu%ﬂ%agcﬁﬁd&#wﬂ@&w&% shne
sul fonate rd M7 0 §8d| git rdfjeﬁg%iul fooéﬁWI n %‘?‘onh%%sxeﬁm alkyl o1 op

Organi ¢ sol ut| rspersed i n aque s'ol U

stirrer at ab teaﬁ%% rgrfl oL 589 fosuccifidNdsc28d Pashfth 480 U HbH RRrilPW

t hrough cell o
surfactants include polyoxyethylene glycols reacted with a

5 1lyophilic compound, ethylene oxide condensation products
reacted with t-octylﬁhenol' or nonylphenol and known as
"Triton" surfactants, pélymerized oxyethylene (IgepalCAa),
ethylene oxide reacted with organic acids (Emulfor), or
organic acid reacted with polyoxyamylene ether of stearic

10 or oleic acid esters (Tweens).

A paint coating composition can be produced by
combining the externally modified emulsion polymer of this
invention with pigments and other paint additives in a
dispersing mill such as a Cowles disperser. A pigment

15 dispersion can be preformed consisting of a dispersant and
pigments on a disperser mill, a sand mill, a pebble mill,
a roller mill, a ball mill or similar conventional grinding
mill for milling the mineral pigments into the dispersion
medium. The premix can then be combined .under low shear

20 with the polymeric binder of this invention and other paint
additives as desired. Useful mineral pigménts ordinarily
include opacifying pigments such as titanium dioxide, zinc
oxide, titanium calcium, as well as tinting pigments such
as carbon black, yellow oxides, brown oxides, tan oxides,

25 raw and burnt sienna or umber, chromium oxide green,

phthalocyanine green, phthalonitrile blue, ultramarine
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Soni es Corp. nodel VC-600 ultrasonic device at 85% power. 25 The resulting
aqueous enui sion was heated with stirring under a nitrogen bl anket to
65[err] C. Canponent (c) was added

- 46~ and 65[err]C was held for 1.5 hours. Mnoner m xture (d) was

add d over 3 hours at 72 [err]C, held 1 hour, and then cool ed.

Example 11 5 . "~ In a nmanner sinilar-33-Exanple 10, a phthal ate

ol yester oligoner was pre ared, mxed with vinyl acetate
POty g£ lue, cadglug pigments, chromlumyblgments, and the like.

Filler pigments such as clay, silica, talc, mica,
wollastonite, wood £flower, barium sulfaté, calcium
carbonate and the like can be added.

5 Historically, prior art paints achieved a balance of
properties by making the latex slightly too hard for LTFF
to achieve the tack-free character, and then temporarily
softening the binder polymer with a coalescing solvent to
achieve the desired LTFF. BHowever, by using non-volatile,

10 external softening oligomers in accordance with this
invention, the historical relationship between Tg (or MFT)
and LTFF in the final paint can be changed such that both
£ilm formation and tack free character are simultaneously
obtained without the need for a volatile coalescing

15 solvent. The softening oligomer is permanent by dssign and
will not volatilize out of the paint £ilm.

The merits of this invention are further supported by

the following illustrative examples.
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nmonoprer, micronized into water by high shear, and pol yneri zed.
The phthalate pol yester was as foll ows:

Grans 10 phthalic anhydride 593

di et hyl ene gl ycol _ 318.3 but yl

celJosol ve

236.4 The raw material s

wer.é yheat ed under nitrogen to 200 [err]C, then33- slowy raised to
220[err] C over 2 hours while keeping the head 15 tenperature of the

packed distillation colum at 98[err]C. Total distillate was 73 g. A
suspensi on of the above pht hal at e polyester mas}Prepared as follows:

Gr ans a) deionized water Comparative Examples A and B  goo 20

MM 80

2.0

»

10

15

20

25

30

35

3.0 H
A vinyl acetate and butyl acrylate 80/20 copg¥§ﬁgg(?ﬁg. a)
and a vinyl acetate/butyl acrylate 60/40 copolymer (Ex. B)

were produced from the following ingredients.

Ex. A . Ex. B
a) 2022 g 2022 g deionized water
7.2 g 7.2 g MM-80
4.3 g 4.3 g ammonium acetate
5.4 g 5.4 g A246L
b) 28 g 28 g vinyl acetate
7.0 g 7.0 g butyl acrylate
0.7 g 0.7 g ammonium persulfate
c) 1360 g 1034 g vinyl acetate
340 g 677 g butyl acrylate
2.4 g 2.4 g acrylic acid
d) 5.4 g 5.4 g ammonium persulfate
21 g 21 g A246L
135 g 135 g deionized water
5 g 15 g NaAMPS

Warm (a) to 71°C under nitrogen with good stirring.
Add (b) and allow exotherm to die (about 15 minutes). Pump
in (¢) and (d) in parallel over 5 hours. Hold 1 hour, and
cool.

Comparative Example

Compariséns of soft copolymer and coalesced hard
copolymer (prior art) with the current invention are as
follows.
Prior art. Conventionally, the balance of low temperature
film formation and absence of tack at ambient temperature

is achieved by utilizing a latex composition with an
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b) vinyl acetate nononer 250 pol yest er

(Ex. 11 above) 80 c) Klerr]S[err]O[err]

2.0 25 d) vinyl acetate nonomner 250

MI <70 3.0

- 4733 %) The procedure for pglymerizing the ethylenic

nmononers was the same as described in Exanple I0.
Exanpl e 12 elevated Tg, to |dbii&RENeinséhitdéaroto EXeWp! €akl Rhen

pol ymer was

temporarily reducing its Tg with a volatile coalescing
solvent such as Téxanol, to achieve low temperature film
formation. While this works well, it also involves the

5 emission of the coalescing solvent into the atmosphere,
which contributes odour and air pollution. A typical
copolymer composition comprises by weight 80% vinyl acetate

and 20% butyl acrylate, as in Example A above. For this
experiment, the latex contained coalescing solvent at the

10 levél of 6% to achieve a KMFT of 10°C. A film cast with
this coalesced latex was non-tacky at room temperature, but

emitted volatile solvent to the atmosphere.

Conversely, if one makes a copolymer with a low enough

Tg to achieve low temperature £ilm formation (60/40 VA/BA),

15 as in Example B above, the polymer forms a film which is
| excessively tacky at ambient use temperature. While this
would involve no VOC emissions to the atmosphere, the
coating involves a commercially unacceptable balance of
properties. This soft copolymer achieves a KMFT of 10_°C on

20 its own. A film cast from this latex is extremely tacky at
room temperature, but emits no solvents to the atmospﬁere.
Present Invention. In the present invention, the use of a
'nén-volatile external plasticizer accomplishes all three
goals simultaneously: low temperature .film formation,

25 tack-free behavior at ambient temperatures, and no volatile

organic emissions to the atmosphere.
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5 pfepared except that the ampbunt of phthal ate pol yester was
increased from80 grans to 150 grans.

Exanple 13 In a manner simlar to Exanple 11, a
potymer was 10 prepared using the foll ow ng conponents using a conmerci al
pal Yester believed to be a pol yet her-phthal at e- pol yester capped
wi t-H3benzoi ¢ aci d. (Her.cofl ex 900, Hercul es CorB5y.

G ans a) deioni zed water : 2000

15 MVt 80 Example 1 15

NaHCJ err ] 2.5 NaHCQO err ]
7.5 RaA@vws molecular weight dipropylene-adipate ojigomer

polyester was synthesized in accordance with the preferred
process at a -OH/-COOH equivalent ratio of 1.25 as follows:

5 1629.9 grams adipic acid

1870.1 grams dipropylene glycol

1.1 grams butyl stannoic acid
The foregoing materials were charged to a flask
equipped with a stirrer and heated up to 240°C maximum

10 wunder nitrogen along with water of reaction removal and
held until a final Acid No. of 4 to 8 was obtained based on
solids. The resulting polyester had ICI Cone & Plate
viscosity 14-18 poise at 30°c, and a number average
molecular weight of 800, and a Tg of -50°¢c.

15 The foregoing polyester was used to make an oligomeric
pre-smulsion comprising by weight 62.5% polyester, 3.6%
Triton X405 surfactant (70%¥ active nonyl phenol
ethoxylate), and 33.9% deionized water. This corresponds
to 4% surfactant based on the weight of .polyester. The

20 pre-emulsion was formed by adding the polyester to the
water/surfactant solution with ordinary agitation to form
a premix, heating the prémix above 45°C to about 60°C, and
then passing the heated premix through a Sonic Triplex
Model T02-2A-HP ultrasonic emulsifier equipped with a 0.001

25 square inch orifice at 1000 psi. The resulting mixture was

a 'stable, water dispersed, pre-emulsion of polyester
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b) -vinyl acetate nononer 625 20

Her cof{ ex 900, (Hercules Corp.)
250 c) Klerr]S[err]O[err] 5.0
d) ~vj nyl acetate nmononer 625 MI -70

25:The procedure from Exanple 10 was used to qgequnerize t he
nmoriefrer s and produce a |atex pol yner.

S|4Er3nl ar to Exa?r%f‘gmfﬁ?élaﬁr&nfes?‘%remu%m Garticle size less théh "BNger
microns. The oligomer pre-emulsion was then blended with
80/20 by weight vinyl .acetate butyl acrylate copolymer
(Example A above) having a Tg = 10°C at the level of 10%

S polyester bésed on the weight of oligomer and latex polymer
solids or 800 grams latex 56.5% NV was mixed with 77.3
grams of polyester pre-emulsion. Blending of the oligomer
pre-emulsion and latex was at room temperature, mixed
thoroughly for about one hour, and then was allowed to set

10 at room  temperature for about 24 hours without further
mixing. The oligomer modified latex provided an excellent
semi-gloss latex paint.
Example 2
In a manner similar to Example 1, a low molecular

15 weight polyester prepolymer was prepared at a --OH/-COOH

equivalent ratio of 1.186 as follows:

1675.1 grams adipic aci
1823.4 grams dipropylens glycol
20 0.5 grams triphenyl phosphine
1.1 grams butyl stannoic acid
The polyester was synthesized at less than 240°C to obtain
a 4-8 Acid No. along with a 32-38 poise viscosity at 30°C,
a number average molecular weight of 970, and a Tg of -
25 s0°c. The oligomer pre-mix was micronized through a

Sonolator to an emulsion particle size less than 0.7
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thiestér was prepared fromthe foll ow ng reactants:

G ans 5 Ektasolve DB, Eastnman Chem 365

(di ethyl ene glycol butyl ether) trimelitic anhydride

14 butyl stanoic acid 0.1 The
wat gr reaction distilled off was 29 grans. __10 A pol yner
was.~ prepared according to the polyné?fﬁhtion process described in
Seanple 12 bul LLom N ey oPldGHERY HAMRATYTn was mixeqgeich cthe
MV 80

10

15

20

25

80/20 vinyl acetate butyl acrylaté'gopolymer latex in the
manner of Example 1.
Example 3
White semi-gloss latex paints were prepared from any
one of the foregoing emulsion polymers described in
Examples 1 or 2 from the following ingredients:

BIGME RIND:

Group Ingredient Grams -
A Water 151.68 |
A Thickensr .50

A Ammonia (28%) .01

B Surfactant 5.00

C Defoamer 2.00

C Surfactant 2.00

D Tio2 pigment 145.00

D Clay extender pigment | 50.00

Group A ingredients were added to Cowles dispersing
equipment and mixed for 5 minutes. Group B and then C
ingredients were added with continued mixing under slow
agitation. Group D ingredients were added under high speed
agitation and grind for 15 minutes or until a Hegman 5.5

was attained. The foregoing is the grind portion of the

- paint.
LETDOWN
Group | Ingredient . Grams
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NaHGO [err] 2.0 b) vinyl acetate
Jrononer ‘ 250 triester from above
50 20 MT- 70 1.0 C)
Klerr]S[err]Of[err] 2.0 vinyl acetate
monanmer 250 MT-70
3.6:2 _ . _ Exanpl e 153895 Cl ear
unpi gnented filnms were prepared fromthe pol ymers prepared_in
Exanpl es 10- 148 Physical properti gdater 33.0
A F Water 33.00
F Thickener ' 3.50
F Ammonia Hydroxide .01
5 G Preservative 1.00
H Defoamer 5.00
H Propylene glycol 40.00
H Surfactant 4.50
H Rheology Modifier (Ex. 1 or 2) 9.00
10 H Surfactant 3.00
I Latex (E#. 1 or 2) 393.00
I Opacifier latex 105.00
Group E ingredients were added in separate vessel, followed
by Premix F added to E ingredients with slow speed
15 agitation. Group G ingredisnts were added at slow speed.
Premix Hlingredients were then added to vessel. Premix I
ingredients were mixed for 30 minutes and then added to
vessel. The final composition was mixed for 1 hour. The
foregoing is the letdown portion of the paint.
20 LATEX PAINT
The letdowns above were added to the pigment
grind above under slow speed agitation and allowed to mix
for 2 hours. Paint films from the foregoing latex paints
were drawn down at 1 mil, air dried for at least 24 hours,
25 and then tested for the following results:
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of ‘latex and air dried clear paint filnms were as foll ows:

Mn. Fi |l m Tenp. Mn. Film Tenp. Suspensi on Crack Poi nt
Knife Point 5 Tack Ex. 10 <3 <3
1TE Ex. 11 12 24 10 None Ex. 12
3 ) 9 None Ex. 13 -39- <3
6 < None 15 Ex. 14 4 15 None
Control * 1Prrr Paift Ex. 1 Paint Ex.
2
70°F pass pass
50°F pass ' pass
5 40°F pass pass

Dried paint films are considered to pass low temperature
film formation (LTFF) if the dried coating has no tacking
and is visible under ten-times magnification.
Example 4 ' -
10 | The following data was generated by blending an |
emulsion of an MPD/ADA modifier (methyl propane diol/adipic
acid polyester of MW ca 1200) with the wvinyl acetate
homopolymer latex. The MPD/ADA oligomef' modifier was
prepared as in Example 1 by reacting:
15 877 gms of adipic acid
630.7 gms of 2-methyl-1,3-propane diol
0.2 gms of butylstanoic acid
The emulsion was prepared as in Example 1 with a Ross ME-
100L rotor-stator mixer, which produced a.sub-micron pre-

20 emulsion in size.

TABLE 1
Effect of Blended Modified on MFT
BPCT
Modifier Initial After After
25 (Ex. 4) (Ca. 30=C) 24 Hours S_Days
20 20 13 18
30 13 9 14
40 10 7 10

30
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None

Exanpl e 16

257any one of the foregoing enul sion polymers described in
10-4 fromthe fol:l owi ng ingredients:.

Ingredlent
151. 68

10

. *Contro
consuner air-dry paints and conprising 80/20 wei ght
acetate polynerized with butyl

| atex typically used 20.in
rati o of vinyl

was an unnodi fi ed commrerci al
acryl ate.

VWhite sem -gloss |atex paints were prepared from
Exanpl es

Plgﬂynt G i nd: G oup
G ans A ) WAt er

0 _ .35
As can be seen, oligomeric modifier appears to
diffuse into the latex, lowering its MfT. The Fox Equation
relationship appears to hold quite well for blends of
compatible oligomers with latex, and the estimated fraction
of the oligomeric modifier which diffused into the latex.
Table 2 summarizes these calculatioms:

TABLE 2

Estimated Extent of Diffusion
Pct Diffused

PCT Modifier

20
30

40

65
56
50

i5 It was found that the foregoing MPD/ADA
oligomeric modifier is effective as a film-forming modifier
in accordance with this invention but is not as effective
as the adipic acid dipropylene glycol polyester of Examples
1 and 2.
20 Exampleg 5 - 8
A ssriss of polyester modifiers were prepared as

follows:

25 8

Neopentyl glycol 416.8 312.6 L eee “--

Azelaic acid 564.6 376.4 --- -

Thwistherephcmmentshaﬂ
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-50- A Thi ckener .50 A

Amohnia (28% .01 B Sur f act ant
5. 00 C Def oaner 2. 00 5 C
Sur f act ant 2. 00 D Ti 2 pi gnent
14%,00 D - O ay extender pignent 50. 00
Goup Aingredients were added to Cow es di speffing equi prent and
mxed for 5 minutes. ~Goup Band then C 10 ingredients were added with
continued m ximpl_mlegcﬁaow agi tatd on. Group D.ingredient gagepe added
under hi gh speed
' 584.8
Dipropylene glycol --- --- 268.4 ~--
Benzoic acid --- --- 183.2 ---

5 2-methyl-1,3-
propane diol --- .- ' ---
180.2
2-ethyl hexanol --- --- e
520.8
10 Butyl stanocic acid 0.2 0.2 0.2
0.4 |

The polyester oligomers were synthesized as in Zxample 1.

Example 9

15 A polyester amide was prepared as follows: -
13.4 g 2-methyl-1,5-pentane diamins
100.3 g DBE-3 (Duéont, dimethyl adipzate)
77.4 g dipropylene glycol
0.1 g butyl stznoic acid
20 Heat under nitrogen wiﬁh good agitatica to about
220%. Use a glass bead packed column to distill off
methanol, keeping column hezd temperature at 65°C. Switch
to a trap when distillation slows down. Cool aftsr 4 hours
at 200°C.
25 Emulsions of the modifiers were prepared as in

Example 1 and blended with a commercial acrylic latex (8°¢
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agi tsation and grind for 15 mnutes or until a Hegman 5.5 was attai ned.

‘The foeregoing is the grind portion of the paint. 15 Letdown

| ngr edi ent G ans E Wat er

33-00 F Wat er 33.00 F
Thiﬁyener 3.50 F Anmoni a
Hydr-oxi de o .01 20 G -42- Preservative

1.00 H

) ’ Def ' 5. H
Propyl ene gly&aV DSC, methylmethggggiate-bppyl acrylate) and %iégiﬁﬁﬁﬁt

gﬁ??actantH latex (37°%C Tg, 8!%%yréggl$é§§l-acrylate) as f%%?§§3?5 H
393. 00 DAINT F
A) Premix the following components:
5 ' rams
water 200
cellulosic thickener 1.0
preservative 2.0
defoamer 1.0
10 polymeric dispersant - - 6.0
surfactant 4.0
B) Add the following to (A) and disperse 5 minutes at
moderate speed: |
Grams
15 titanium dioxide ' 162.7
extender pigment 132.65
crystalline silica . 85.65
colloidal silicate 2.00

C) 2dd the following to (A) and (B) mixture and mix 15

20 minutes at high speed:

Grams
water 100
defoamer 2.0

D) Premix the following and then add to the above and mix

25 15 minutes at low speed:

Grams

This is the replacement sheet
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-51- I ' Qpacifier |atex 105. 00

Goup:E ingredients were added in separate vessel, followed by Prem x
F added to E ingredients with sl ow speed agitation. Goup G
i ngredi ents were added at sl ow speed. 5 Premi x Hingredients were then
addéd to vessel. Prem x | i ngredients were m xed for 30 m nutes and
t hgn) added to - vessel. The final "conpositt&d-was nmixed for 1 hour. The
foregoing is the | etdown portion of the paint. Lat ex Pai nt

water 60.0

cellulosic thickener 4.5

E) Add the following and mix 15 minutes moderate speed:
rams
5 modified latex | 264

F) Add the following components to the above mixture:

Grams
Water 70
defoamer 3.0
10 polyurethane associative
thickener - 10.0
TABLE 4
Acrylic Latex:
Example Modifier 40%F LTFF
15 10 | 5% Example 5 pass
11 5% Example 6 pass
12 ' 5% Example 7 pass
i3 5% Example 8 pass
14 5% Example 9 . pass
20 15 None fail.
Styrene Latex:
Example Modifier 70°F LTFF
16 Example 7 pass
17 None fail
25 The following examples illustrate the process of

this invention where the oligomer is mixed with ethylenic
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10 The | etdown above was added to the pignment grind above under sl ow
spéed agitation and allowed to mx for 2 hours.

Exanpl e 17 Benzoi ¢ acid capped pol yester oligoner nodifier.

| nar edi ent Gans 15 adipic acid

7317 di et hyl ene gl ycol 637

but'yhst anoi ¢ -aci d- . 0.5 S -44- benzoic acid

244 Heat the above conponents gradually with adequate stirring 20
under a nitrogawnomerspidor to 2rRleionCpoldeed zatibnhegPolyesters diitthi | |
at about 170[err]C, and about 3 hours will be required to nmove the
bat ch from 170kerahget of 2861l ecul&y. weishtg and atihmittures aafunatdion aisn
the head tenperature at 99 C t hroughout this portion of the synthesis.

Wien the head e€fpetdwver mon-volatile plasticizing and coalescing agents

for emulsion addition copolymers, where comonomer is not

5 needed with vinyl acetate polymer and coaleséing aid is not

required for good film formation. Avoiding the use of

coalescing solvents is possible because the higher

molecular weight polyesters are dissolved in polyvinyl

acetate monomer and then diépersed into water by high shear

10 and/or ultrasound prior to polymerization of the polyvinyl
acetate as illustrated in the following examples.

The following examples reflect the process of

thié invention wherein the oligomer is dispersed into

monomer and then micronized into water followed by

15 copolymerization of the monomer.

Example 10

An adipate polyester. oligomer was prepared as

follows:
. Iram
20 Adipic acid 438.6
Diethylene glycol 382
Butylstanoic acid 0.5

The above raw materials were heated in a 2 liter flask
under a nitrogen blanket with mechanical stirring to 170°%¢
25 while using the head temperature above a column packed with

glass beads to regulate the esterification reaction. With

This is the replacement sheet
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25 drops below 80[err]C, renove the columm and replace with a
Dean-Stark*trap. Fill the trap with xylene, and then add

-52- just enough additional xylene to give a.constant ref | ux.

Al | ow xyl ene reflux to azeotrophe water out of the batch, and reduce
amfbnunber to about 10 ng KOH g resin. Renobve xyl ene under a vacuum
(25 :‘Hches Hg). Cool. .. 5 -45- Exanpl e 18

Benz6i ¢ acid capped pol yester uret hane ol i goner nodifier . As in Exanple

17, but use onlay heady bemperatacid, olfhe%oc' the reaction temperature

increased slowly to 220°C, where the temperature was held
for 2 hours and then cooled.

An aqueous suspension of vinyl acetate monomer

5 and the above adipate polyester was prepared from the

following materials.

Grams
a) deionized water | . 2000
MM-80, Mona Chemical?t 11.2
10 (NH4) HCO3 . 2.5
NaAMPS, Lubrizol Corp. | 2.5
vinyl acetate monomer 625
b) polyester from above _ 312
MT-70, Mona Chemical? ' 5.6
15 «c) (NH)2 2 8 5.0
d) vinyl acetats monomer 625
MT-703 5.6

lM.NI-BO = sodium dihexyl sulfosuccinate

2NaAMPS = sodium acrylamide methyl propane sulfonate

20 3

MT-70 sodium ditridecyl sulfosuccinate

Organic soluticn (a) was dispersed in aqueous
solution (b) with a prop stirrer at about 5000 rpm for 20
séconds and passed through the flow through cell of a
Sonics Corp. model VC-600 ultrasonic device at 85% power.

25 The resulting aqueous emulsion was heated with stirring

under a nitrogen blanket to 65°C. Component (c) was added

-
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cogl"batch to 60[err]C at the end of the synthesis, and add 111 g
} sophorone-dii socyanate. Allow the exothermto carry the 10 tenperature

(with gentle heating) to 90[err]C, and hold for 2 hours. Cool .
Exanpl e 19 Pol yester urethane oligoneric external nodifier

| ngrledi ent Ganms 15 adi pic acid

73%::3 - diethylene glycol - -46- 636

butyl st anoic acid ) 0.5 Synt hesi ze a pol yester fromthe

above ingredi 3 630¢hgag ne13aFBYTANEChARYS.N FHBHY Mix@Die t [ add
111 g i sophorone 20 diisocyanate to forma polyester urethane as I n

Exanpl e 18.  added over 3 hours at 72°C, h&EX@npl BodP, and then cooled.

Example 11

5 In a manner similar to Example 10, a phthalate
polyester oligomer was prepared, mixed with wvinyl acetate
monomer, micronized into water by high shear, and

polymerized. The phthalate polyester was as follows:

3ramg

10 phthalic anhydride 593
diethylene glycol 318.3
butyl cellosolve 236.4

The raw materials were heated under nitrogen to 200°C, then
slowly raised to 220°C over 2 hours while keeping the head
15 temperature of the packed distillation column at 98°¢.
Total distillate was 73 g. A suspension of the above

phthalate polyester was prepared as follows:

Gzrams

a) deionized water : . 800

20 MM-80 3.0
Na.I-ICO3 2.0

b) vinyl acetate monomer 250

, polyester (Ex. 11 above) _ 80

c) K25208 2.0

25 d) vinyl acetate monomer e 250
MT-70 | 3.0
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Pol yester urethane external nodifier | ngr edi ent

Grams ° adi pi c acid 366 25

di propyl ene gl ycol 403 butyl stanoic acid

0.2 -53- Form a pol yester
frémthe above ingredients as in Exanple 17, and then add 56 ¢

| sophoprone diisocyanate to forma - urethang-as in Exanple 18. 5
Exanpl e 21

10

15

20

25

The procedure for polymerizin§ the ethylenic
monomers was the same as described in Example 10.
| Example 12
In a manner similar to Example 11, a polymer was
prepared except that the amount of phthalate polyester was

increased from 80 grams to 150 grams.

Example 13

In a manner similar to Example 11, a polymer was
prepared using the following components using a commercial
polyester believed to be a polyether-phthalate-polyester

capped with benzoic acid (Hercoflex 900, Hercules Corp.).

Grams
a) deionized water -ZOOOP
MM-80 15
N’aHCO3 - 2.5
NaHCO3 | 7.5
NaAMPS 2.5
b) vinyl acetate monomer o . 625
Hercoflex 8900, (Hercules
Corp.) | 250
c) K28208 5.0
d) vinyl acetate monomer 625
| MT-70 | 7.5

The procedure from Example 10 was used to copolymerize the

monomers and produce a latex polymer.
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Polyester uret hane urea oligoneric external nodifier -

1 ngredient G ans adi pic acid

731 di propyl ene gl ycol 805 10

butyl st anoi c acid 0.5 Synt hesi ze a pol yester fromthe
a5P§S as in Exanple 17, and pl ace 300 g o; the product in a separate
flask at 20[err]C . Add 29 g isophorone di gocyanate and 30 g Jeffam ne

ED- 2001 pol yet hyl ene oxi de di am ne, mﬂ no. ave. 15
Texaco. The Jeffamne is predlssolved i n acetate to enhance

Flzg;ghgiLY'hthomﬁﬁon?r an% ?%%% (%£§¥FQ£OM638%QﬁP}% lore géﬁg% and

then cool. triester was prepared from th&3FBlfowfng reactants:
Grams
5 Ektasolve DB, Eastman Chem. 365

(diethylene glycol butyl ether)
trimelitic anhydride 145
butylstanoic acid ' 0.1
The water of reaction distilled off was 29 grams.
10
A polymer was prepared according to the
polymerization process described in Example 12 but from the

following components:

Grams
15 a) deionized water , 800
MM- 80 | 3.0
NaHCO3 | 2.0
b) vinyl acetate monomer 250
triester from above ' L 50
20 'MT-70 1.0
c) (23208 2.0
vinyl acetate monomer | 250
" MT-70 | ' 3.0
Example 15
25  Clear unpigmented films were prepared from the

polymers prepared in Examples 10-14. Physical properties
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20, 5olyester am de external oligoner nodifier | ngr edi ent

G ans ° ) DBE-5 (di nethyl ester of glutaric

acid DuPont) 481 . di propyl ene gl ycol 268
Dyt ek A (2-nethyl pent ane di am ne)

257 - _54-

bth)stan0|c acid - _ 0.2 ° Warm wt4% good agitation under

nitrogen to about 190[er2; C and distill off npthanol with g gf

packed col um.©of air dried clear paint films were as follows:

Min. Film Temp. Min. Film Temp.

uspensi Crack Point Knife Point
5 Tack
Ex. 10 <3 <3
None
Ex. 11 12 24
10 None _
Ex. 12 3 9
None
Ex. 13 <3 o 6
None
15 Ex. 14 4 15
None |
Control =* 10 12
None

*Control was an unmodified commercial latex typically used
20 in consumer air-dry paints and comprising 80/20 weight

ratio of vinyl acetate polymerized with butyl acrylate.

Example 16
White semi-gloss latex paints were prepared from
25 any one of the foregoing emulsion polymers described in
Examples 10-14 from the following ingredients:

Pigment Grind:

Group ngredient Grams
A Water ' 151.68
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col uim head tenperature at 64[err]C, and gradually warmbatch 5 to

210[ érr] C. *Cool

Exanpl e 23
| ngr edi ent
481

Jeffam ne D230

di afti ne)

24
G ans

after 160 g of nethanol is renoved.
Pol yest er am de external oligoner nodifier
Gans 10 DBE- 5
di propyl ene gl ycol 268
115 -50-~ (pol ypropyl ene oxide

"butylstanoic acid

0.5 15 Synthesi zed

by same procedmare as in Exanpl e 22Thickener BEsompl e
Pol yester external oligonmer nodifier | nar edi ent
A Ammonia (28%) .01
B Surfactant 5.00
c Defoamer 2.00
5 C Surfactant 2.00

D Tio2 pigment 145.00
D Clay extender pigment 50.00
Group A ingredients were added to Cowles dispersing
equipment and mixed for S5 minutes. Group B and then C

10 ingredients were added with continued mixing under siow
agitation. Group D ingredients were added under high speed
agitation and grind for 15 minutes or until a Hegman 5.5
was attained. The foregoing is the grind portion of the
paint.

15 Letdown Ingredient Grams
E Water 33.00
F Water 33.00
F Thickener 3.50
F Ammonia Hydroxide .01

20 G Preservative 1.00
H Defoamsr - 5.00
H " Propylene glycol 40.00
H Surfactant 4.50
H Rheology Modifier 9.00

25 H Surfactant 3.00
I Latex 393.00
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dlpropylene gl ycol 4717 20 adi pic acid

4283 tri phenyl phosphi ne 1.2
butyl stanoic acid 3.0 Synt hesi ze as in Exanple 17, but
do,qpt use xylene. Wen colum head tenperature drops to 80[err]C
act.d nunber is about 25 20 ng KOH/ g resin. Pull a vacuum of about 10
i nchds of Hg, . and then gradual |y i ncreaseS3dacuumto puII of f remai ni ng
wat ér. Final acid number is 3 nmg KOH g resin. :

I Opacifier latex 105.00

Group E ingredients were added in separate vessel, followed
by Premix F added to E ingredients with slow speed
agitation. Group G ingredients were added at slow speed.
5 Premix H ingredients were then added to vessel. Premix I
ingredients were mixed for 30 minutes and then added to
vessel. The final composition was mixed for 1 hour. The
foregoing is the letdown portion of the paint.
Latex Paint
10 The letdown above was added to the pigment grind above
under slow speed agitation and allowed to mix for 2 hours.
Exzmple 17

Benzoic acid capped polyester oligomer modifier.

Inagredient Grams
15 adipic acid 731
diethylene glycol - 637
butylstanoic aci 0.5
benzoic acid 244

Heat the above components gradually with adequate stirring
20 under a nitrogen‘atmosphere to 2209C. (Water will begin to
distill at about 170°C, and about 3 hours will be reqﬁired
to move the batch froﬁ 170% to 220%). Using a packed
column, maintain the head temperature at 99°C throughout
this portion of the synthesis. When the head temperature
25 drops below 80°C, remove the column and replace with a

Dean-Stark trap. Fill the trap with xylene, and then add
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Exanpl e 25 Latexes were prepared with the foll ow ng generalized

formul @ and synt hesi zed as descri bed bel ow. 5 a) 2122 ¢

dei oni zed wat er 8.5 ¢ MA- 80 (di hexyl sul fosuccinate,
Mona Chem) 5.4 ¢ anmoni um acet at e 8.1
g.%jNa AMPS, 48% (Lubrizol Chemical) 10 10.5 g A246L (Na
ol'efyn sul fonate,: Rhone Poul enc) b) go. 7.4 ¢ Na

f of-nél dehyde sul f oxyl ate 10 m FeSJ err] aqueous

sol ution, 1000, P 9 vipyl. sacetat

370 ¢ nDdifiaﬁggggﬁggggf%%%%%&%ﬁ%fe§9§??% &g.gf@é é‘ébnstanglfeglu3.

acrylic acid d . | '
149 A246L 2910w lcylene re%g.gng to %%f%ﬁ%l@ &t gf the ba.tch,y,4 g
vinyl “acetate %?gtgeduce acid3nimBer t®Ch¥bhE 26| flg xKoH/E) resin. RémBvE

anmoni um per su
xylene under a vacuum (25 inches Hg). Cool.

5 Example 18
Benzoic acid capped polyester urethane oligomef modifier
As in Example 17, but use only 122 g benzoic acid, then
cool batch to 60°C at the end of the synthesis, and add 111
g isophorone diisocyanate. Allow the exotherm to carry the
10 temperature (with gentle heating) to 90°c, and hold for 2

hours. Cool.

Example 19
Polyester urethane oligomeric external modifier
Inagredient _ Grams
15 adipic acid 731 -
diethylsne glycol 636
butylstanoic acid 0.5

Synthesize a polysster from the above ingredients in the

same manner as in Example 17, and then add 111 g isophorone

20 diisocyanate to form a polyester urethane as in Example 18.
Example 20

Polyester urechane external modifier

Ingredisent . Gram

adipic aciag : ' 366
25 dipropylene glycol 403
butylstanoic acid 0.2
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27 g: dei oni zed water 30 Weigh and m x thoroughly groups

(a) and (c).

Conbi ne * groups (a) and (c), stir with a spatula to disperse, and

then enulsify for 5 mnutes at 10,000 rpmin a Ross ME 100L
emylsifier. Add (b) ingredients to the emnul sion, and warm

inabliter

Mor.tbn flask to 50[err]C with good agitation under 35 nitrogen. Punp in 40
m dﬁ (d) over 2.5 hours, adjusting - punpi Rg3rate to give a reaction

t enperature of about 55C. Punp in the rest of (d) and al

of (e) over 3

hours. Punp Foim &f polyestérhdaom &h#® .above ingredients as in Example

Exanpl es 26-33

17, and then add 56 g isophorone diisocyanate to form a

urethane as in Example 18.

5 Example 21

Polyester urethane urea oligomeric external modifier

redient - rams
adipic acid 731
dipropylene glycol 805
10 butylstanoic acid ' 0.5

Synthesize a polyester from the above as in Example 17, and

plaée 300 g of the product in a separate flask at 20°¢.

Add 29 g isophorone diisocyanate and 30 g Jeffamine ED-2001

polyethylene oxide diamine, 2000 mol. wt.

no. ave. -

15 Texaco. The Jeffamine is predissolved in 30 g vinyl acetate

to enhance miscibility. Slowly warm to 40°C to allow amine

reaction with isocyanate, hold 1 hour, and then heat to

90°C. Hold 2 hours, and then cool.
Examp 2

20 Polyester amide external oligomer modifier

Incredient rams

DBE-5 (dimethyl ester of

glutaric acid, DuPont) 481
dipropylene glycol 268

25 Dytek A (2-methylpentane |
diamine) 58
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.

-6~ Lat exes approximately equivalent were prepared as in

Exanpl e 25 tand nmixed with nodifiers identified in the foll ow ng Tabl e.
TA?LE 5 Ex. Modi fi er DSC Tg Knife Point MFFT Dry Film

TatRy 26 Ex. 17 0 8.2 . None 27
Ex.:48 11 8.8 . Nong,. 28 Ex. 19

il LY 12.5 . None 10 29 Ex. 20 10

13. 7 None ’ : 13 " 19.5

None 31 £, Pitylistanoiftactl 76 2% “None 32
F?' 23 ?grg with goodlggggation under 'A¢k¥ogen td3about 196%¢c 34d

distill off methanol with a good packed column. Keep
column head temperature at 64°C, and gradually warm batch

5 to 210°9C. Cool after 160 g of methanol is removed.

Example 23
Polyester amide external oligomer modifier
Inagredient Grams
10 DBE-5S 481
dipropylene glycol 268
Jeffamine D-230 _ 115

(polypropylene oxide diami.ei
butylstanoic acid 0.5
15 Synthesized by same procedure as in Example 22.
ExXamo 24

Polyester external oligomer modifier

Ingredient ' Grams
dipropylené glycol 47i7
20 adipic acid | | 4283
triphenyl phosphine 1.2
butylstanoic acid 3.0

S&nthesize as in Example 17, but do not use xylene. When
column head temperature drops to 80°C acid number is about
25 20 mg KOH/g resin. Pull a vacuum of about 10 inches of Hg,

and then gradually increase vacuum to pull off remaining
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15, *DSC Tg's in degrees C (single, distinct transitions are not ed) .

NFFT ="minitumfilmformation tenperature in degree C (knife point).
Tack and MFFT were neasured for dry latex films (only DSC Tg was
neasvred for nodifiers). 20 The film fromExanple 32 is

cky at room tenperature, while the other |atexes formgood, tack
free? films. -Generally, Tg's in the 5-10["®%] C range are preferred.
MFFT's of 20[err]C or less_are preferred,, indicatiqg t hat good anbi ent
and | ow t enper ¥BGEE -f | FARRdr Agddomumber déc & mg KOH/G #8832 32 was

margi nally tacky due to low Tg of the film
g y y au w g ! Example 25

Latexes were prepared with the following generalized

formula and synthesized as described below.

5 a) 2122 g deionized water
8.5 g MA-80 (dihexyl sulfosuccinate, Momna
S.4 g ammonium acetate
8.1 g Na AMPS, 48% (Lubrizol Chemical)
10 10.5 g A246L (Na olefin sulfonate, Rhone
Poulenc) '
b) 7.4 g Na formaldehyde sulfoxylate
_ 10 ml Feso4 agqueous solution, 1000 ppm
15
c) 869 g vinyl acetate
370 g modifier as above from Examples 8 to 16
3.1 g acrylic acid
20 d) 6.3 g ammonium persulfate
14 g A246L
159 g deionized water
e) 874 g vinyl acetate SR
25 3.1 g acrylic acid -
£) 2.0g ammonium persulfate
27 g deionized water
30 Weigh and mix thoroughly groups (a) and (c). Combine

groups (a) and (c), stir with a spatula to disperse, and
then emulsify for 5 minutes at io,OOO rpm {n a Ross ME 100L
emulsifier. Add (b) ingredients to the emulsion, and warm
in a 5 liter Morton flask to 50°C with good agitation under

35 nitrogen. Pump in 40 ml of (d) over 2.5 hours, adjusting
pumping rate to give a reaction temperature of about 55°C.
Pump in the rest of (d) and all of (e) over 3 hours. Pump
in (f£f) over 1 hour. Cool.

X 1 26-33
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-57-° . Exanpl es 34-38

Pol ymeric * binders cont ai ni ng chl ori nat ed 5 aliphatic

nodi fier were prepared as follows:- - Ex. 34
ExT35 EX 36 Ex.37 Ex.38 a) Deionized water 800 800 800
800~ 2000 M\ 80, Mona Chenferr] _££.0 6.0 6.0 6.0
15 10 NaHCO3 . . 1.0 1.0 1.0 1.0 2.5

NaAVPS Lubri Z%A@&es -aﬂppoxim&tgly equg:leen&- bwerez-.ﬁrepared as Pin

Vinyl acetate
Example 25 and mixed with modifiers identified in the

following Table.

ABLE

5 Ex. Modifier ~ DSC Ta Kuife Point MFFT Dry Film
T
26 Ex. 17 0 8§.2 None
27 Ex. 18 | 11 : 8.8 None
28 Ex. 19 11 12.5 None

10 29 Ex. 20 10 13.7 None
30 Ex. 21 13 19.5 None
31 Ex. 22 6 7.6 None
32 Ex. 23 -5 10.0 Tacky
33 _ Ex. 24 -- 16.5 None

15 *DSC Tg’s in degrees C (single, distinct transitions are

noted) . MFFT = minimum £ilm formation temperature in
degree C (knife point). Tack and MFFT were measured for

dry latex films (only DSC Tg was measured for modifiers).

20 The £ilm from Example 32 is tacky at room
temperature, while the other latexes form good, tack free
films. Generally, Tg’s in the 5-10°C range are prelferred.
MFFT's of 20°C or less are preferred, indicating that good
ambient and low temperature film. formation will occur.

25 Example 32 was marginally tacky due to low Tg of the film.
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nmonamer 250 - 250 250 250 625 DA- 8527,

Dover[err] ° - 100 - - 250 15 DA- 8506,
Dover 4 100 - - - - Paroil 10 Dover[err]
-, - 100 - Paroil 170-LV Dover[err] - -
- ) 100 - MT-70, Mona Chem7 3.0 3.0 3.0 3.0
7.5 . C) Klerr]S[err]Oferr] - -572.0 2.0 2.0 2.0
5. 0" 20 d) vinyl acetate nononer . 250 250
250 250 625 MT- 70 3.0 3.0 3.0 3.0
7.5 [err] MM 80 is sodium di hexyl sul fosucci nate. 25
[err] NaAMPS i s sodi um acryl am de me@g,_“#%gl f onat e.
[err] DA-8527 is a chlorinated fatty acid wth 29% chl ori ne.

Polymeric binders containing chlorinated

5 aliphatic modifier were prepared as follows:-

Ex.34 Ex.35 EX.36 Ex.37 Ex.38
a) Deionized water 800 800 800 800 2000

MM-80, Mona Chem! 6.0 6.0 6.0 6.0 15
10 NaHCO3 | 1.0 1.0 1.0 1.0 2.5
NaAMPS Lubrizol? . 1.0 1.0 1.0 1.0 2.5

b) Vinyl acetate

monomer 250 250 250 250 625
DA-8527, Dover® - 100 - - 250
15 DA-8506, Dover' 100 - - . .
Paroil 10 Dover® - - 100 - -
Paroil 170-LV Dover® - - - 100 -

MT-70, Mona Chem.” 3.0 3.0 3.0 3.0 7.5
c) K,;S,0, 2.0 2.0 2.0 2.0 5.0
20 d) vinyl acetate
monomer 250 250 250 250 625

MT-70 3.0 3.0 3.0 3.0 7.5

'MM-80 is sodium dihexyl sulfosuccinate.
25 NaAMPS is sodium acrylamide methyl propane sulfonate.

*DA-8527 is a chlorinated fatty acid with 29% chlorine.
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- 58-. [err] DA-8506 is a chlorinated fatty acid ester, wth 35%

chlorine. * [err]Paroil 10 is a chlorinated parafin with 41% chl ori ne.
[err]Paroil 170-LV is a chlorinated parafin with 67% chl ori ne. 5

- [er,]MI-70 is sodiumtridecyl sulfosuccinate Solution (b) was prepared
and-di spersed into solution (a) at 5,000 rpomwith a lab 1.5 inch prop
stitter. The - resulting organic m xture3was passed through Sonics
Cor p. VA, 600 rasoni_cs -ynit_.equi ppé Lth a flLow through [
one pass at 8 /gb%%% t¥® prod & %}%i gaghgseaﬁ?'gpe?%te%lr' with' '35%

chlorine.

Sparoil 10 is a chlorinated parafin with 41% chlorine.
Sparoil 170-LV.is a chlorinated parafin with 67% chlorine.
5 "MT-70 is sodium tridecyl sulfosuccinate

Solution (b) was prepared and dispersed into solution (a)
at 5,000 rpm with a lab 1.5 inch. prop stirrer. The
resulting organic mixture was passed through Sonics Corp.
VA-600 ultrasonics unit equipped with a flow through cell,

10 one pass at 85% power to produce an organic phase dispersed
in water. Component (c) was added, heated to 65°C and held
1.5 hours. Monomers (d) were fed in over three hours at
72°C, held 1 hour, and then the reation mixture was cooled
to room temperature.

15 Clear films were air dried at room temperature
for 24 hours. Dried f£film properties weres as set forth in

following Table 1:

Tabl
MFT MFT Water Water
20 Example Crack  Knife Rubs Wnitening Tack
1 sC 18C 200+ Moderate None
2 | - <2C 10C 200+ Moderate v.sl.
3 f <3C sC 200+ Moderate None
4 12C 26C 200+ Moderate None
25 5 : 3C 14C 200+ Mild None
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in, m;ater. Component (c) was added, heated to 65[err]C and held 1.5
hours.’ Mondners (d) were fed in over three hours at 72[err]C, held 1

hour, and then the reation m xture S ' om t enperat ure. -1
"Cleqr filns were air dried at roomt n%@%z%@%'r HAS BEEN 24 FHosSieet Ha¥ BRAR laced
fil?‘%properties were as set forth inlle——m~=ks %%:.—J’&J@Je 1:

Table 1 - . MFT MFT VABBr WAt er I ,” ’"’# E
Crack Kni fe Rubs Wi t eni ng Tack 1 :

200+ Moderate None 2 <2C | 0OC 200+

Moderate v.sl. 3 <3C 9C 200+ Moder at e

None 4  CLAIM3oC 26C 200+ Moderate None 25 5

3C 14C 200+ MIld . ne , .
1. BAn aqueous air-dry coating composition

including an emulsion polymerised polymeric binder having
5 a Tg below 20°C which ﬁinder contains an addition copolymer
of aqueous polymerised ethylenic monomers wherein the
binder also contains 3 to 70% of an oligomer modifier
selected froni_a polyurethane, a polyester, a chlorinated
hydrocarbon and/or a chlorinated fatty acid or fatty acid
10 ester, the oligomer modifier hé.ving a molecular weight
between 200 and 20,000 and a Tg below -20°C and wherein the
oligomer modifier is present in the .a.‘.queous composition as
a micro-emulsion of droplets having a droplet size of less
than 10 micromns. |
15 2. An aqueous air-dry coating composition as
claimed in Claim 1 containing an emulsion polymerized
polymeric binder free of organic coalescing solvent, the
polymeric binder comprising:
an addition copolymer of aqueous polymerized
20 ethylenic monomers containing an oligomer modifier having
a2 molecular weight between about 200 and 20,000 and a Tg
below about -20°C, the oligomer selected from a
pélyurethane, a polyester, a chlorinated hydrocarbon and/or
a chlorinated fatty acid or fatty acid ester, where the
25 oligomer is dispersed into water by high shear mixing to

provide a micro-emulsion having a droplet size less than 10

T | This is the replacement sheet
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-5‘9-1. An aqueous air-dry coating

tonpositi on f I sion ppbyerised polynmeric bi nder having
er cont ai NTHENSAEET LAl E%%P | yrer of
mononer s |Wher eREPLABED | fjder al so contains

a Tg bel ow 20][ er
a ous pol yneri

3.0 70% by weight of an oI i goner nodi ffeF——=seteeted_filoma
pol"\uret hane, a polyester, a chlorinated +ga@k ocar bon and/or a
chiorinated fatty acid or fatty acid 10 ester, the oligomer nodifier
havi ng a nol emilcxronggi ghtere the polymeric b:.nder comprises by weight

between 3% and 70% of said oligomer with the balance being
said addition copolymer, where the Tg of the polymeric
binder is less than 20‘(‘.‘.
s 3. A coating composition as claimed in Claim 1
or Claim 2 containing the low molecular weight oligomeric
modifier in an aqueous micro-emulsion having an organic
phase emulsion droplet size less than 10 microns and
produced by high shear mixing at temperatures between 20°%¢c
10 and 100°C of an aqueous mixture of the oligomer and water
where the mixture contains between 40% and 70% oligomer,
.and the oligomer has a number average moleéular weight
between about 300 and 5,000 a.d a Tg less than -20 Cc.
4. A coating composition as claimed in any one
15 of the preceding Claims containing between 3% and 50% by
weight of the oligomer modifier, where said polymeric
binder is produced by mixing the oligomer in ths ethylenic
monomer to provide an organic solution of oligomer and
ethylenic moncmer, wh_ere saild organic solution is dispersed
20 into and polymerized in water to produce an oligomer
modified addition copolymer emulsion polymer where the
oligomer is soluble in the polymerized monomer.
| 5. A coating composition as claimed in Claim 3
where the oligomeric modifier has a molecular weight

25 Dbetween 500 and 2,000.

6. A coating composition as claimed in Claim 3 or

”"llll ml | This is the replacement sheet
| ||||| |||l| I
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bet ween 200 and 20,000 and a Tg below 20[err]C and wherein rhe”—“‘“““'

ol i-g8ner nodifier is present in the aqueous conposition as &Sheet Has Been R

m Grons. 15

m cro-enul sion of droplets having a dr Lﬁﬁséhé
2. An aqueous r-df g%ﬁgé 03|t

claiyed in Caim1 containing an enul si

freeNof organic coal escing solvent, the palasneri c blnder conpr|5|ng
an additi on copol ymer of aqueous polynerlzed ethylenlc nononer s

contai ni ng an
substantially

the ol i goner sghgghgdbgﬁq@bﬁ 500 @ﬂdﬂﬂ gjgwyne, a polyester, a chlorinated
hydr ocar bon and/ orf _ hl ori nat ed fatty acid or fatty acid ester, where

t he

10

15

20

25

SHRSETTS S Lol 4l gones o UM WEARIa PSR
7. A.coatlng composition as claimed in any one of
Claims 3 to.6 where the aqueous mixture comprises by weight
between about 55% and 65% oligomer modifier forming the
micro-emulsion.
| 8. A cdating'composition-as claimed in aﬁy one of
the preceding Claims where the micro-emulsion was produced
by high shear mixing of the aqueous mixture of oligomer at
temperatures between 45°C and 60°C.
9. A coating composition as claimed in any one of
Claims 1 to 8 wherein the micro-emulsion droplet size is on
average between'orl and 1 micron.

10. A coating composition as claimed in any one

of Claims 1 to 9 wherein the average emulsion droplet size

is below 0.7 micromns.

11. A coating composition according to any one of
Claims 1 to 10 where the oligomer has a Tg less than about
-40°c.

12. A coating composition according to any one of
Claims 1 to 11 where the oligomer has a Tg less than about
-50°c. |

13. A coating composition according to any one of
Claims 3 to 12 where the oligomer has a molecular weight
between about 300 and 10,000.

14. A coating composition according to any one of

Il IIIIII IIIII IIIII I

i

lmmb
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25 Qi gomer s dlsperséa'lnto “water by high shear mxing to provi de a
1

ni-cro- enul§|deNnu et Size )

-60 - n1cro pol yneri ¢ bhpdg- I Sy wei ght bet ween
3% and 70% of Wi th thejlbal anggppgh i d addi tion

coppl yner, mhere o he pol ynEr —ader is |jss than 20[err]C.

3. '\A coati ng conp05|t|on as clalned in Caimgh. or Caim2 containing

t he ~ oligoneric nodi fier .in an aqueous

m cro-enul si 0p1RAMENG ¥b Ol Pahére thBNd1dgemehsiHas & arbBécalae Wweighthan
10 m crons and
between about 500 and S5,000.
15. A coating composition acoording to any one of
Claims 3 to 14 where the polymeric binder is produced by
5 micronizing the aqueous dispersion with high shear to a
micronized aqueous dispersion haVing orgénic phase particle
size droplets less than 5 microns.
| 16. A coating composition according to any one of
the preoeding claims where the oligomer is a polyurethane.
10 17. A coating composition according to Claim 16
where the polyurethane oligomer comprises a polyestei-
urethane copolymer.
18. A coating composition according to Claim 16
where the polyurethane oligomer comprises a polyurethane-
15 urea copolymer.
19. A coating composition according to any of the
Claims 1 to 15 where the oligomer is a polyester polymer.
20. A coating composition of Claim 19 where ;he
polyester oligomer comorl €s a polyester-amide copolymer.
20 21. A coating compesition according to any one of
Claims 1 to 15 where the oligomer is a chlorlnated
hydrocarbon, a chlorinated fatty acid or a chlorinated
fétty acid ester.
22. A coating composition according to any one of
25 the preceding Claims where the addition polymer comprises

emulsion copolymerized vinyl acetate monomer.

This is the replacement sheiet
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produced by high shear m xing at terrperatures between 20[err] C io and

100[er‘r] C df an aqugﬁnﬁneqnﬁastﬁﬂp where the

m xture contains bet m % by @'ﬁSPJﬁﬁWBEEN and t he

ol tyoner has a nunbe ular ht REPLAGER ween fsubst anti al |y
ess than -20[err]C, 4. A coating

30@-§nd 5,000 and a R
conpdsi tion as cl ai rred in any one 15 of the pﬁécedi ng Cl ai ns contai ni ng

beteen, 3% and, SODY . apichdiaElnd Sofbs#AE, B fin r%faman%nef
Tonore! s CEbA"gRle SARE 130 AL, g SELC A0 oLyl LSl iees,
e 2 18188 PoghafBert e RS pdgan corc e el o
24. A coating composition according to Claim 23
5 where the addition polymer comprises emulsion copolymerized
acrylic monomer and styfene.

25. A coating compoSitién according to Claim 4
where the polymeric binder cbntains between 10% and 25% of
said oligomér.

10 26. A procéss for producing an agueous ambient
dry coating composition containing a polymeric binder free
of organic coalescing solvent, the process steps for
producing the polymeric binder comprising:

producing a micronized, aqueous pre-emulsion of

15 oligomer modifier selected from a polyurethane, a
polyéster, a chlorinatedlhydrocarbon and/or a chlorinated
fatty acid or fatty acid ester, the pre-emulsion having an
organic phase droplet size less than 10 microns by high
shear mixing at temperatures between 20°¢ .and 100°C of an

20 aqueocus mixture of the oligomer containing by weight
between 40% and 70% oligomer, whére the oligomer has a Tg
less than -20°C and number average molecular weight between
about 300 and 5,000;

mixing the pre-emulsion with an emulsion

25 copolymerized addition polymer comprising ethylenically
unsaturated monomers to produce a polymeric binder

This is tha replacemsht shest
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5. "A coat| ng CO”DC)SltIOIThiaShdétJI%M ackd ai m 3 where t e——o-l—rgo"“"‘"
modi fi &r has a nol ecul argmum mmween 500 and 2, 000. |THISSH THAS gEEg

A cﬁati ng conposition as im3 or “EPLACED

- 61-: Caim 4 where nodi fier has a nol ecurar

wei- ght bet ween 500 and 1, 000. 7. -%%oating conposition as
clai'med in any one of Claims 3 to .6 where the aqueous m xture.

conpri ses by weiogitainingtheeweightt hativedny souand¥65md| B§Emaligansy or
form ng the m cro- emul si on. 8. A coating co sition as

claimed i n anywhegeofthe polymeric binder has a Tg less than 20°C.
27. A process according to Claim 26 where
micronizing produce.s .é. micro-emulsion having an organic
5 phase particlé size droplet less than 1 micron.
| 28. A process according to Claim 26 or Claim 27 |
y where the nu‘cronizing produces organic phase particle size
droplets less than 0.7 microns.
29. A process according to any one of Claims 26

10 to 28 where the micro-emulsion is formed at temperatures
between about 45°C and 60°c.

30. A proceso"according to any one of Claims 26
to 29 where t'ne oligome';:'_' has a molecular weight between 500
and 2,000..

15 31. A process for producing an agueous ambient
dry paint' coating contalnn.r\g a polymeric binder free of
organic coalescing solvent, the process steps for producing
the polymeric binder comprising:

providing an organic solution comprising vinyl

20 acetate monomer and oligomer having a number average
molecular weight bet_:w_een"zoo and 20,000 and selected from
a polyurethane, a poiyester, a chlorinated hydrocarbon
an'd/or a chlorinated - fatty acid or fatty acid ester, the

oligomer having a Tg below about -20 °c, where the organic

25 solution contains at least 3% by weight of said oligomer;

Hllllll AR ll Illl

“his is the reglacement shee!

Datg: ;“" 1 APR B@?



Rie@BEEN

‘ —_—— . —_— J e

't He precedi ng C ai ns Mligh&t lidk@edti Replacednul si on was produced— T
| it e
at-At U

~shear “m xi hg of the aq ' f oligoner at tenper}
.45[krx] C and 60[err] CM“ 9. A coating conposiii '
fin apy one of d ai erein the n1'cr605-errulsion dropl et size is

zon "=} average between 0.1 and 1 micron. 10. A coating
sconposition as clainmed in gny one 15 of Claing 1 to 9 wherein the average
> emul sion droplet size g BdR%. Fh%i Qrgenic solution intq wager to

“coating composition according to any one af . Cains 1 to 10 where the
‘ol igoner has a P °Eé‘§§ %ﬁﬁeoﬁu%ﬁ%s&lqw -40[err]C. 20

A coating conposition accordi n%it Q_any gne of

12.
c gi me _1.to 11 &\,her%,t q_‘e
-oligomer has a Tg | ess th#FcrO Z10g,sthf iagy§Pus ofdsppEsion under hig

shear to produce a inicro«dispersion having organic phase

5 particie size drbplets less than 5 microns; and
polymerizing the vinyl acetate monomer to produce
a polymeric binder having a Tg less than 20°¢ comprising an
emulsion vinyl acetate'polymer containing said oligomer.
32. A process according to Tlaim 30 where
s 10 micronizing produces.organic phase particle size droplets
less than 1 micron.
" . 33. A process according to Claim 31 or Claim 32
where the micronizing produces organic phase particle size
droplets less than 0.7 microns.

15

U ) R
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13. A ﬁbdii fication.of a coat | ng. conpositi on according to anYOne of T
claims3 16 12 wherein the nodification conprises the selection of =~ an :'.:

ol i gomer having a nol ecul ar wei ght between substantially 300 and

P NP PV I

10, 000. 14. A nodification according to claim 13 wherein the
ol i gomer - ' : -62- has a .
mol ecul ar wei ght bet wesg ubstantially 860 and 5, 000. 15. A
coating conposition according to claim 3 where the polyneric

bi nder is produced by 5 mcronizing the aqueous dispersion with high shear
to a

m'croni zed aqueous di spersiaon havi ng %r %ni c phase particle
. ABSTRACT OF THE D S%_QSII&E

10

15

20

D B, ATR DRY, DECORATIVE LATEX PAINT

An aqueous ambient dry paint coating based on an

addition copolymer matrix polymer containing an oligomer

selected from a. polyurethane or a polyester having a Tg
below -20°C and a number averag'e rholecular weight between
200 and 20,000, where the coating is £free of organic
coalescing solvents. The matrix polymer comprises emulsion
copolymerized ethylenic monomers. In a preferred process,
the oligomer is prodﬁced by forming an agueous micro-
preemulsion of oligomer in water by high shear mixing of
oligomer and water containing 40% to 70% by weight oligomer
ahd at temperatures between about 20°¢ and 100°C to provide
an aqueous pre-emulsion having an organic phase droplet
size less than 10 microns. The polymeric binder can be
produced also by mixing the oligomer with the ethylenic
monomers to form an organic mixture of moncmer and
oligomer, providing an aqueous micro dispersion of the
organi_c mixture phasé droplet size less than 5 microns, and
copolymerizing the zrionomer to produce a vinyl acetate
polymer containing 6ligomer. The poiy‘meric "binder system

is free of ccalescing organic solvent.

This is the replacement sheet
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size droplets less than 5 microns. - 16. A cogtppg C i
accor:diingito any one of *  the preceding clainms where tle 0l LOth#ENT SHEET
pol yur et hane. - 17. A coating conposition acc r[g;rgg 300&!;&;'9@7 16
where the pol yurethane oligoner conprises a polyester- el hane:---.....
copol ynmer. - 18. A coating conpositigo according to al
where the pol yurethane oligonmer conprises a polyurethane- |5 urea
copol yner. progressively: dppewnt | afr e Pos| yean aecardiedy gaimyf tngs of
the - Cains 1 to 15 where the oligonmer is a polyester. pol yner, .
20. A coating tlemeesi engnedfim@haitiobdofhevzl eédeing spbigess candladgoemsiant
conpri ses a pol yester-am de copol yner. 20 -21. A coating
conposi ti on acodjdiotdcrahdy Aeuss. aloggamith jaix opollusfene caused by
oligonmer - is a chlorinated - ]

. volatile organic compounds (VOC), and £ilm cracking

5 deficiencies would représem: both a technical and marketing
advance in the state of the art of consumer latex paints.

In polymer technologies unrelgted to aif-dry vinyl
acetate latex paints, preformed polymers have been
dispersed into monomers and emulsified in water, whereupon

10 the monomers are then polymerized, such as disclosed in
U.S. 4,373,054 pertaining to cathod:':c electrocoating, or in
U.S. 4,313,073 pertaining to alkyd prepolymers; U.S.
4,588,757 pertaining to laminating adhesives, or in U.S.
3,953,386 and U.S. 4,011,388 pertaining to agueous emulsion

15 blends containing cellulosic esf.er/acrylic polymers.

It now has been found that certain non-volatile
softening oligomeric modifiers compatible with an'.-aqueous
emulsion addition copolymer binder in a consumer latex
paint can be retained in the dried paint £ilm permanently.

éb Accordingly this invention provides an agueous air-dry
coating compositibn including an emulsion polymerised

- polymeric binder having a Tg below 20°C which binderx

contains an addition copolymer of agueous polymerised

ethylenic monomers wherein the binder also contains 3 to 70% by weight
of an oligomer modifier selected from a polyurethane, a polyester, a
chlorinated hydrocarbon and/or a chlorinated fatty acid or fatty acid ester,
the oligomer modifier having 2 molecular weight between 200 and 20,000



“hydrocarben, a chlorinated fatty acid or a chlorinated g
22. A coating conposition according to any one of 25 th
where the addition polynmer conprises enul si on copoly
acetate nononer. :
23. A coating conposition according to any qrg.of t he edi ng d ains
where the addition polymer conprises enul si on copol yneri zed acrylic
nononer . o 24. A coating conposition according to Claim23 5
where the addition polynmer conprises enulsion copolynerized

Claims

........
-------

1. An aqueéus air-dry cbating composition

jncluding an emulsion polymerised polymeric binder having

s aTg below 20°C which binder contains an addition copblymer
of agueous polymeriséd ethylenic monomers wherein the
pinder also contains 3 to 70% by weight of an oligomer modifier
selected from a polyurethane, a polyester, a chlorinated
nydrocarbon and/or a chlorinated fatty acid or fatty acid

10 ester, the oligomer modifier having a molecular weight
between 200 andlzo,obo and a Tg below -26°C and wherein the
oligomer modifier ié present in.the aqueous composition as
a micro-emulsion of_drépiets having a droplet size of less
than 10 microns, o

135 2. An agqueous air-dry coating composition as
claimed in Claim 1 lcontaining an emulsion polymerized
polymeric binder free of organic coalescing sqiveht, the
polymeric‘binder comprising:

an addition copolymer of agqueous polymerized

20 ethylenic monomers containing an oligomer modifier having
a2 molecular wgight_between substantially 200 and 20,000 and a Tg below
substantially -209C, the oligomer selected from a
Polyuréthane, a.pblyester, a chlorinated hydrocarbon and/or
a8 chlorinated fatty acid or fatty acid ester, where the

25

oligomer_is dispersed into water by high shear mixing to

Provide a micro-emulsion having a droplet size less than 10

' R D



-acryl it pononmer and styrene. ‘ ' 25. A coati

accordlng to daim4 where the polyneric binder c
and. 25% by wei ght of said oligomer. 4B ...A process..f.
produci ng an aqueous anbi ent dry coating conpositi
pol ymeric binder free of - organlc coal escipg. solvent, the process
steps for producing the polyneric binder conprising:
producing a nicyoni zsed,wﬁgygowau@rgo@%éﬂenb%deﬁ ObhfeiBEs Wi HéLshe
sel ected froni&F® polyurethane pol yester, a chlorinated
hydrocarbon and/ ar. &, cid cindatetl of sii?dtc}ﬂ.fgdniéﬁ)rwi‘mttyhacbdlmterbeizlﬂg:
pr e-emnul si on hﬁ%lng an organi ¢ phase droplet size less than 10 m crons,
by hi gh shgafa "esdagian t enpelpheres wvhereeerh@O[Tgr r$f Crhed poObymeric of
an . e

pinder is less than 20 c.

g 3. A coating composition as claimed in Claim 1
or Claim 2 containing the - oligomeric

nbdifier in an agueous micro-emulsion having.an organic

phase emulsion droplet size less than 10 microns and

produced by high shear mixing at temperatures between 20°¢c

io and 100°C of an.aqueous mixture of the oligomer and water

| where the mixture.contains between 40% and/70% by weight oligomer, |

and the oligomer has a number average molecular weight
between substantially 300 and 5,000 and a Tg less than -20°C.

4, -A coating composition as claimed in any one

15 of the preceding Claims containing Between 3% and 50% by

weight of the oligomer modifier, where said polymeric

binder is produced by mixing the oligomexr in the éthylenic

monomer to provide an organic solution of oligomer and

ethylenic monomer, where said organic solution is dispersed

20 into ang polymerized- in water to produce an oligomer
modified. addition copolymer emulsion polymer where the
°1i9°mer-is soluble in the polymerized monomer.

| 5. A coating composition as claimed in Claim 3
where the oligomeric modifier has a molecular weight

25

between 500 and 2, 000.

6. A coatlng compos*tlon as claimed in Claim 3 or

»* < L N s *



20 aquepua m xture of the oligoner containing by weight '“ﬁ*AG@@apdg

70% ol i goner, where the oligoner has a Tg | ess than - ROTEEALENTHG St f
nunber .aver age nol ecul ar wei ght between substanti al | y|| 3002 DECdQ@Z i
m xing the pre-enulsion with an enulsion 25 copolynerlzq__ &Hrt1on polynert
conprising ethylenically unsaturated _nmnoners’ to- proauce :
pol ymeric binder -64-
cont ai ni ng by Wei hfwﬂ@ﬁé’vewesusﬁigaﬁéﬁiéyn%é:@ﬂ%;%%a@l ISOWLeculaﬂmere
the pol yner§X%@) nder has a Tg | ess th A process

according fa frabdcseathe®0 and 1,000.

7. A coating ccméosition as claiﬁed in any oﬁe of
Claims 3 to 6 where the équeous mixture comprises by weight
f. petween substantially 55% and 65% oligomer modifier forming the
micro-emulsion. |
8. A coating composition as claimed in any one of
the ?receding Claims wheré the micro-emulsion was produced
by high shear mixing of the aqueous mixture of oligomer at
bo temperatures between 45°C and 60°c.
9. A coating composition éé élaimed in any one of
Clains‘lltora wherein the micro-emulsion droplet size is on

average between 0.1 and 1 micron.

'10. A coating composition as claimed in any one

15 of Claims 1 to 9 wherein the average emulsion droplet size

is below 0.7 microns.

11. A coating composition according to any one of
Claims 1 to 10 where the oligomer has a Tg less than

_ substantially -40°C.
‘20

12. A coatxng compos;tlon accordlng to any one of
Claims 1 to 12 vhere the qligomer has a Tg less than
suSﬁtanti;l]y -500C.
13. A modification of a coating composition according to any oneé
of claims 3 to 12 wherein the modification comprises the selection of
25

an oligomer having a molecular weight between substantially 300 and
10,000, | ' "

14. A modification according to claim 13 wherein the oljgomet

A



-mi'croni zi.ng produces a mcro-ehul si'on having an organic

t4€cl e
size drdplet less than | mcron. 28. A pro 8EPL ?é@@g&é}o
Claim 26 or Caim27 where the mcronizing produces ani i
particle size droplets less than 0.7 micr ong Jate 2O e
process according to any one of Clains 26 10 8 28 V\/ner‘E'T‘ﬁ" '

m cro-emul sion is forrred at tenperatures bet ween substantially 45[err]C
and 60[err]C. 30. A process according to any one of Clains 26
to 29 where the ol i goimn1BASEd gFPILREHEA sURkERE; 295 YRRN 78S 0p. @nd 2, 000,
15 - 31h8s 3 process fof producing an agueous an‘gl ent’ dry paint

coating containing a pol ygerAccbaniing domsosiition U LnE QA €sci ng
solvent, the process steps for producing
claim 3 . where the polymeric binder is produced by
g micronizing the aquebus fiispersion with high shear to a
micronized aqueous dispersion having organic phase particle
gize droplets less than 5 microns.
16. A coating composition accord.ing to any one of
the preceding claims-__where the oligomer is a polyurethane.
10 17. A coating compositipn according to Claim 16
where the polyurethahe oligomer comprises a polyester-
" urethane copolymer. |
18. A coating composition according to Claim 16
vhere the polyurethane oligomer comprises a polyurethane-
185 urea copolymer. |
13. A-coating composition according to any one of the
Claims 1 to 15 where the oligomer is a polyester 'p'olymer,.
20. A coating composition of Claim 19 where the
polyester oligomer comprises a polyester-amide copolymer.
20 21. A coating composition according to any one of
Claims 1 to 15 where the oligomer is a chlorinated
hYdrocarbor.}, a chlor_inated fatty acid or a chlorinated

fatty acid ester.

22. A coating composition according to any one of

25 _ _ .
the Preceding Claims where the addition polymer comprises

emulsion copolymerized vinyl ‘acetate monomer.

ey



t he- pdl yner.i ¢ bi nder conpri sing: ‘ provi di ng 'E— @Lg@mﬁ'ﬁ”
sol uti on"tonprising vinyl 20 acetate nononer and oligo
aver age nol ecul ar wei ght between 200 and 20, 000 and sehagi-BC

pol yuret hane, a polyester, .a chlorinated hydrocarbon :_L:-_aﬂd:l—c—;r a
chlorinated fatty acid or fatty acid ester, éhe A i goner having a Tg
bel ow substantially -20[err]C, where the org 25 Solution contains at
| east 3% by wei ght of ol i.goner;
- 65- _ di spe s?}hg Fhe o gda&rﬂbas%l orﬁd& v?atteor 2y cnep?](f)duce
an aqueous d'ty?é’eﬁ:?éé’éﬁing Claims where the addition polymer comprises

emulsion copolymerizéd ac:jrlic monomer.
24. A toating _composition according to Claim 23
5 where the _additibn polyrﬁer. comprises emulsion copolymerized
acrylic monomer and styrene.
25. A coating composition according to Claim 4
where the polymeric binder contains between 10% and.25% by weight of

said oligomer.

10 26. A procéss for producing an agueous ambient
dry coating compos:.t:.on containing ;. polymeric binder free
of organ:.c coalesc:.ng solvent, the process steps for
producing the polymeric binder comprising:

producing a micronized, agueous pre-emulsion of

15 oligomer médifier selected from a polyurethane, a
polyester, a chlorinated hydrocarbon and/or a cl;lo;inated
fatty acid or fatty acid ester, the pre-emulsion having an
organic phase droplet size less than 10 microns, by high
shear ﬁxix_ing at tlemperatures between 20°C and 100°C of an

20 agueous mixture of the oligomer containing by weight

between 40% and 70% oligomer, where the oligomer has a Tg

less than -20°C and number average molecular weight between

- substantially 300 and 5,000;

mixing the pre-emulsion with an emulsion

25 Copolymerized addition polymer comprising ethylenically

Unsaturated monomers to - produce a polymeric Dbinder

*« ¢ L M S *



-m'cr ohi zi.ng
m cr.o~dirsper
.~ mcrons; and
‘ a polyneric

vinyl acetate pol ymer containing ‘said ollgoner
process according to Caim31

phase partic

| | | 33. Al
- agqueous air- oheoyfil\:égf‘ﬂr%’ HBh%ﬁ:L?ST‘GE %”tbag '?tﬂég]-‘( r‘?“c?'éqgrﬁoz 01 98Tl at ant i gl |y

t he aqueous di spersion-under high shear t o]

R{'—%’_&i@‘émm

sion having organic phase 5 particle size dr ets 33 5‘
pol ymeri zing the vinyl acetate g@?_ _____________ auce |
bi nder having a Tg less than 20[err] C conpris éaﬂ;zzzeﬁm¢s¢€ﬁi

as herein describe

10

15

20

25
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27. "A process according to Claim 26 where
micronizing produces a micro-emulsion having an organic
phase particle éize_droplet_less than 1 micron.

28. A.p:ocess according to Claim 26 or Claim 27
where the micronizing produces organic phase pafticle size
droplets less than 0.7 miérons.

28. A process according to any one of Claims 26
to 28 where the micro-emulsion is ;ormed at temperatures
between substantially 45°C and 60°C.

36. A process according to any one of Claims 26
to 29 where the oligdmer_has a mclrecular weight between 500
and 2,000.

~ 31. A process for producing an aqueous ambient
dry paint'coaﬁiﬁg containing a polymeric binder free of
organic coalescing solvent, the process steps for producing
the polyméric binder éomprising:

providing an organic solution comprising wvinyl
acetate monomer and oligomer having a number average
molecular welght between 200 and 20,000 and selected from
& polyurethane, a polyester, a chlorinated hydrocarbon

and/or a chlorinated fatty acid or fatty acid ester, the

oligomer having a Tg below substantially -200C, where the organic

Solution contains at least 3% by weight of said oligomer;

LT

32. A
where thé ﬁlcron|2|ng produces organic



\34 A prqcess as defined in claim 26 for producing an agué&i:

R e |
g_A\,EM,.H Siet |

dry :coattng conposition substantially as herein describefl wt 3 u&ﬁ @r&nceﬂ

to any exanpl e thereof. 35. A process as defi ngdP3h CLaL
produci ng an aqueous anbi ent dry paint coating subst
descri bed w th reference to any exanpl e tgsteof.

10

3=fBF
rally as herein

dispersing the orgaiic solution into water to
produce an aqueous "dispers_ion;

micronizing t'he agueous dispersion under high
shear to produce a micro-dispersion having organic phase
particle size droplets less than 5 microns; and

pblyrherizing the ;srinyl acetate monomer- to produce
a polymeric binder havirig a Tg less than 20°C comprising an

énmlsion vinyl acetate polymer containing said oligomer..

32. A process according to Claim 31

where the micronizing produces organic phase particle size

droplets less than 0.7 microns.

33. An aqueous air-dry coating composition as defined in claim

1 substantially as herein described with reference to any__example
thereof.

34. A process as defined in claim 26 for producing an agueous

ambient dry coating composition substantially as herein described with

Teference to any example thereof.

35. A process as defined in claim 31 for producing an agueous
ambient dry painf ‘coating substantially as herein described with
Teference to any example thereof.

LT



