1y ALKALI - RESI STANT CORE-SHELL POLYMERS The present invention LY
.relates to alkali-resistant core-shell polyners, in particular
.aLkall-reS|stant core-shell enul sion polymers. Mire particulary, the
pfiesent i-nvention relates to inproved core-shell polynmers having an
aqld i nsol ubl e, emul sion polyrer core and an acid- soluble or
dat er ni zabl e enul si on pol ymer shell, wherein the core and the shell are

SL bstantial ly physica d/ t val ent|ly bonded
t dget her. M xt ur es‘k‘tr#@ﬁa 2@5@%% Eﬁ%ﬁﬁi#ﬁg é/@#k“%l ubl e emul si on
pgl ynmers are _known in the art. 'Iihese m xt yers_ and bl e(r;%; are enerally
used as bi nde€ PFeseRk ‘?Yﬁqﬁﬂt‘aﬁ aies t&n‘ﬂkag'rﬁ@ﬁﬂq Free ?rél pr ot ect
prii nted substrates. Generally, the soluble resins were pre ared by

sdl ution pol ynepdrtiguiasnalksliaksisndescesheld émuls@ompolpmess, 8@ Fi rst
generation core-shell resins made significant inprovenents over m xtures
and bl ends ofpdrtieufuriyptheapteseat gnvertiorovelawss fo imppoveticoresshelkf fi ci ency,

in stability, in water resistance, and in rheology were realized by

pol yneri zing ;smgnreegrmoa{g ah&cﬁ&%é&@ﬁﬁn%ﬁuﬂ&&rhﬁoglrﬁé’f cére 4 Eh &‘i’di-e shel |
conposi ti ons, ch as destribed in US A’ 491617

soluble or quaternizable emulsion polymer shell, wherein the core and

the shell are substantially physically associated and/or substantially

covalently bonded together.

Mixtures and blends of soluble resins with insoluble emulsion
polymefs are know_r.t-. m tk:xe art. These mixtuers and blends are
generally used as bin'der; in ink formulations and as overprint coatings
to protect printed s_ubst'rates. Generally, the soluble resins were
prepared by solutiéﬁ polymerization, such as described in US-A-

3,037,952 o , -

First generation core-shell resins made significant improvements over
mixtures and blends of the prior art, e.g. improvements in production
efficiency, in stability, in water resistance, and in rheology were realized
by polymerizing one component in the presence of the other to form

core-shell compositions, such as described in US-A-4916171,
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2 | However, although the "one-pot" technique of first generation core-
shel | pol yners nade significant inprovenents over the prior art, the
i-nstability of the first generation core-shell polyners to fornulation .

ddi ti ves, such as isopropyl alcohol, continued to be a problemfor nany

K suppliers. The formulation additive probl emwas overcone by second
eration chemcally-grafted core-shell polyners, such as those descri bed

.US-A- 48768313, F e, b i\ | yf t | dt ft
AT e L R
e-shel |l pol rs,.to formyl ati on, addi ti ves was resol é}%djé’ri@érﬂvr\?ié‘% first

second g PPLERS: BACRSIBNECARD STPrBFRM ROV

rovenents over _Fri or art mxtures and blends, further inprovenments in
m r esi st anigetability Rbthe)firstngenasatientcorensbell ipalymess tofermasiatign e, t he
ali-resistant, core-shell conpositions nust be resistant to high pH

i ronnent s sadditives, suckyascizopbepylpaitolesl, castinued e¢arbeay problent faroating to
tect the printed substrate or provide the same protection as an ink

icle. In tiag rmqag.% lizege of the prior art blends and first and second
eration core-5hell J)rrposi tions are adequately resistant to al kaline
I ronments.

The formulation additive problem was overcome by second generation
chemically-grafted core-shell polymers, such as those described in US-A-
4876313. For example, by using a polyfunctional compound to graft
chemically the core to the shell, the instability of the first generation

core-shell polymers to formulation additives was resolvéd.

. While first and second generation core-shell compositions made
significant improvements over prior art mixtures and blends, further
improvements in film resistance to alkaline environments are
required. For example, the alkali-resistant, core-shell compositions
must be resistant to high pH environments so that they can be applied
as a clear overprint coating to protect the printed substrate or provide
the same protection as an ink vehicle. In this regard, none of the prior
art blends and first and second generation core-shell compositions aré

adequately resistant to alkaline environments.
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Currently, alkali-resistance is required for cereal boxes, detergent
bXxes, bar-soap wrappers and the |like; and nore generally, in applications
>$ng conveyor belts or production lines that are lubricated with high pH
4 ne lubricants.” For exanple, alkali-resistance is necessary in order to
otect |abels on beverage bottles having printed substrates or provide
ne sane protection for the printed | abel as a clear overprint coating.
pberef ore, resistance to high pH environments is essential for core-shel
Dl ymers to be used in areas where alkaline line lubricants or other
agkkal i ne typ conditi . Presentl in rder to achi
afkali-resis HFF@B Vi ﬁ@‘aﬁﬂﬁeﬁﬁsfﬁlﬁf:edf reqyizred . f° kgaﬁ?& p@é‘?’%"ﬁﬁ@"es
s¢l vent - based, nonionic types such as, for exanple vi nyl chloride,

nyl i dene dParhIQAR Waappersand theclikeslansk mase generally, ineapplicationsni c.
kal i -resistant resins are generally prepared by solution polynerlzation
ich as descusibgdonveySs Belt)ar préduciion lieves thahate hubrigmitec dvitlh pr oduci ng an
‘kal i -resistant resin by solution polynerization is obtained at the risk

. hazar doushighdpHMiaedl kubicanty KiFur &aitple, llkalip@idtanéd B heé@Isaly @ and

IXi ¢ nature of the solvent.
order to protect labels on beverage bottles having printed substrateg

CUOO
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provide the same protection for the printed label as a clear
coating. Therefore, resistance to high pH envi;onn{énts is essential for
core-shell polymers to be used in areas where alkaline line lubricants

or other alkaline type conditions exist.

Presently, in order to achieve alkali-resistance, the majority of alkali-

resistant resins are solvent-based, nonionic types such as, for example,

vinyl chloride, vinylidene dichloride and nitrocellulose polymers.

These non-ionic, alkali-resistant resins are generally-prepared by o
solution polymerization such as described in U_S-A_-3037952. However,

what is gained in producing an alkali-resistant resin by solution
pélymerization is obtained at the risk of hazardous and unhealthy

working conditions due to the flammable and toxic nature of the

solvent.
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Aflt is therefore desirable to elimnate environnmental concerns of

s vent - based pol yners, as well as overcone the probl em of

rggol ubilization of earlier generation core-shell polynmers in high pH

er/i ronnent s. According to a first aspect of the present invention there
| g provided an alkali-resistant core-shell polyner having an

ac d-i nsol ubl e polyner core and an aci d-sol uble or quaternizabl e pol yner

stgel |, whereilpid Brerefdtecdéithbld ¢o eithinatd entitbahwstitabtocapy vfcal ly
agpoci at ed and/ or substantially coval ently bonded together, and wherein

t g shell r %%f} rabidhssen
pgynerizati %ﬁwé}& t%%gﬁlgﬁwp‘% ‘%rggtsal%o Ht)ﬁl ebé to thét)a shel |l is about
8% 15 to about Adv eous t he cor has an aver ecul ar
X on o or deedpbiEaten. sE e AT ihekaion er&hBel HritmeRt B8 R B cge
ecul ar wei ght of about 5 000 to about 100, 000, as determ ned by gel
pd meati on ERVFANBEREphy . Preferably, the shell is polynerized from
oners selected fromthe group consisting of dinethylam noethyl -
(feth)acrylate, diethylam noethyl (neth)acrylate, tert-butylam noethyl
(reth)acryl ate, :
According to a first aspect of the present invention there is provided an
alkali-resistant core-shell polymer having an acid-insoluble polymer
core and an acid-soluble or quaternizable polymer shell, wherein the
core and the shell are substantially physically associated and/or
substantially covalently bonded together, and wherein the shell and

the core are prepared sequentially by emulsion polymerization.

Preferably, the ratio of the core to the shell is about 85:15 to about 15:85.

Advantageously, the core has an average molecular weight of greater

than about 8,000 and the shell has a weight average molecular weight
_-' of about 5,000 to about 100,000, as determined by gel permeation

chromatography.

Preferably, the shell is polymerized from monomers selected from the
group consisting of dimethylaminoethyl (meth)acrylate,

diethylaminoethyl (meth)acrylate, tert-butylaminoethyl (meth)acrylate,
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. di met hyl am nopropyl (nmeth) acryl am de, oxazolidinyl et hyl
et h) acryl ate, vinyl benzyl am nes, vinyl phenyl am nes, 2- vinyl pyridi nes or
vi nyl pyri di nes, p-am nostyrenes, substituted diallylam nes,

ANyl pi peridi nes, vinylimdizoles, 2-norpholino-ethyl (meth)acrylate,

ryl am de, nethacryl am de, N-substituted (neth)acrylam des,

bt hacr yl am dopropyl trinethyl amonium chloride, diallyl dinethyl amonium
| oride, 2-trinethyl anmonium ethyl nmethacrylic chloride, quaternary

ine salts of substituted (nmeth)acrylic and (neth)acryl am do nononers,

£t hyl : y! | ap e | | 23t hyl hexyl | ate,
Loy aoryidfadyT atincisbiul imeuy dchuafft Bfaalgmutingy o oxyet hyl -

bt hacryl ate, butyl npethacrylate, acrylonitrile, styrene, substituted
fyrene, vi rijnethdacryiate, vinylbenrylamines. aviaylphenyleptines, 20 Clerr] al kyl
srylates and nethacrylates, and the |ike. More preferably, the shell
. pol yner i zdaylpyndinesooed-visygpycidioes, fp-eminostyrénesasithetituted
et h) acryl at e, di et hyl am noethyl (neth)acrylate, tert-butyl am noet hyl
et h) acryl adiallgtaméihes; tvinylpipetidomesp phylintidivoles;r motpislino-ethyl
(meth)acrylate, acrylamide, methacrylamide, N-substituted
(meth)acrylamides, methacrylamidopropy! trimethylammonium
chloride, diallyl dimethyl ammonium chloride , 2-trimethyl
ammonium ethyl methacrylic chloride, quaternary amine salts of
substituted (meth)acrylic and (meth)acrylamido monomers, methyl
acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, decyl
acrylate, methyl methacrylate, ethyl methacrylate, hydroxyethyl
methacrylate, butyl methacrylate, acrylonitrile, styrene, substituted

styrene, vinyl acetate, viny! chloride and other C; to C;3 alkyl acrylates

and methacrylates, and the like.

More preferably, the shell is polymerized from monomers selected
from dimethylaminoethyl (meth)acrylate, diethylaminoethyl
(meth)acrylate, tert-butylaminoethyl (meth)acrylate and dimethyl

aminopropyl (meth) acrylamide.
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6 3  Advant ageously, the shell is polynerized froma m xture of nononers
hav@hg aci d-ioni zabl e, or quaternary, or quaternizable functionality

co
weig
acrj
acr;
mety
aci
fu
aCeq

i sing about 10 to about 60% preferably about 20 to about 50% by

t of the shell. Preferably, the core is selected from nethyl

) ate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, decyl

| ate, methyl nethacrylate, ethyl nmethacrylate, hydroxyethyl

acrylate, butyl nmethacrylate, acrylic acid, nethacrylic acid, itaconic

mal eic acid, fumaric acid, acrylic anhydride, itaconic anhydride,

i ¢ anhy gidvitagdouiélythershell is FolyhfitzedSHBRT htib-@drébyr ene, vinyl
kat e, vinyl chloride “and ot her efr] to (Jerr] alkyl acrylates and

net§@acryl ate ﬁ&ﬂ o ‘3 e@% h aisaige shell are
sulj@t anti al | ?/n% emextggﬁT\bhﬁga}Cé?txg ;égg%?ﬁe uéﬁlaéybﬁg(eg{a@%or e ts|olol yfuncti onal

co
Si §
noj§
ony

or nore aBautalPaby wei

B G e e P S R T A e e e

abstractabl e atons; .apd (c) hyhrid pol yfunctional conpounds having
gghﬁfgiﬁiglbfﬁis or nore sites of unsaturation.

Preferably, the core is selected from methyl acrylate, ethyl acrylate, butyl
acrylate, 2-ethylhexyl acrylate, decyl acrylate, methyl methacrylate, ethyl
methacrylate, hydroxyethyl methacrylate, butyl methacrylate, acrylic
acid, methacrylic acid, itaconic acid, maleic acid, fumaric acid, acrylic
anhydride, itaconic anhydride, fumaric énhydride,' acrylonitrile,
styrene, substituted styrene, vinyl acetate, vinyl chloride and other C;

to Cy2 alkyl acrylates and methacrylates, and the like.

Advantageously, the core and the shell are substantially chemically
grafted together using one or more polyfunctional compounds selected
from: (a) polyfunctional compounds having two or more sites of
unsaturation; (b) reactive chain transfer agents having two or more
abstractable atoms; and (c) hybrid polyfunctional compounds having

one or more abstractable atoms and one or more sites of unsaturation.



In a first aspect, the polyfunctional conpound nmay be present during
jhie enul sion polynerization of the shell followed by emul si-on

gol ynmeri zation and grafting of the core to the shell. In a second
Jspect, the pol yfunctional conpound nay be present during the emulsion
qol yneri zation of the shell followed by -neutralizing and sol ubilizing the
ol yner with an acid or by quaternization followed by enul sion

gol yneri zation and grafting of the core to the shell. Preferably, the
gol yfuncti onal compound in the first and the second aspects has at |east

0 sites of, _ungaturatio : LY | bSS80tingt a | evel
from abOL}fl az?‘lr%t 3FSEY %gkoﬁggﬁ%Péf%gpyhgbﬁgg B??S plieg aboutln 0% by
gight of the shel]. referahly, the pol ctional nd in the

¥ rst and sé&‘Grﬂ“&L“p‘é‘ElPQ?YW"%éP@%t‘&ithﬁr%?ﬁlﬁfgp@%g3’ ychﬁxgllrﬂég |Hng of
gthallyl-, crotyl-, and vinyl- esters of acrylic acid, nethacrylic acid,
% ei ¢ aci d polymerizationgand geafting-of thegareite théishellnono- and di-esters) and

i aconic acid (nmono- and di-esters); allyl-, methallyl- and crotyl- vinyl
@ her; N or N, N

In a second aspect, the polyfunctional compound may be present

during the emulsion polymerization of the shell followed by

neutralizing and solubilizing the polymer with an acid or by

quaternization followed by emulsion polymerization and grafting of

the core to the shell.

Preferably, the polyfunctional compound in the first and the second
aspects has at least two sites of unsaturation of unequal reactivity and is
present at a level of from about 2 to about 30%, more preferably about 3

to about 10%, by weight of the shell.

© Preferably, the polyfunctional compound in the first and second aspects
is selected from the group consisting of methalfyl-, crotyl-, and vinyl-
esters of acrylic acid, methacrylic acid, maleic acid (mono- and di-
esters), fumaric acid (mono- and di-esters) and itaconic acid (mono- and

di-esters); allyl-, methallyl- and crotyl- vinyl ether; N- or N,N-
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8 dinmethallyl-, crotyl- and vinyl- am des of acrylic acid and nethacrylic
ag¢id; N nethallyl and crotyl- nalei mde; cycloal kenyl esters of acrylic
ai;d, nmet hacrylic acid, maleic acid (nono- and di-esters), fumaric acid

no- and di-esters), fumaric acid (nono- and di-esters), itaconic acid
pno- and di -esters); 1, 3-butadiene; isoprene; para-nethylstyrene;
)l oronet hyl styrene; nethallyl-, crotyl- and vinyl- nercaptan;

§cl oal k AR t.h II-.. [ ,
Cl oal kyeryme Ry Pl anf JRfy - arififls Yidlctyne @F‘Ei‘%‘? REARLOIR: 2

hl h [
o i1t AR aﬁaaxlp@ac?gbrqtg rEfEemra‘aéf%Pﬂaeﬁ e T Oyl

ters of acr I|c and nethacrylic acid, crotyl mercagt cé/cloal kyenyl
br capt opr i ﬁsacryleryaudam@ﬁ@ﬁwcxd@n@apr andedizgsiers cfal'-’('}'t‘?ll acid

er capt opr opi onate, crotyl nercaptoacetate, and bronotrichl oronet hane.
 a third (asqresstand direpters)f fumarionald ﬁnnpouaddrﬂyeslbersbrl@mmc dad ng the
ful si on polynerization of the core foll owed by enul sion polynerization

pd grafti ngndio-t Al diRblers)? 113 Buadiéne; isoprene; para-methylstyrene;

O FTT OO0/~

chloromethylstyrene; methallyl-, crotyl- and vinyl- mercaptan;
cycloalkyenyl-, methallyl-, vinyl-, and crotyl- mercaptopropionates;
cycloalkyenyl-, methallyl-, vinyl-, and crotyl- mercaptoacetates; and

bromotrichlorome-thane.

More preferably, the polyfunctional compound in the first and second
aspects is selected from cycloalkenyl and crotyl esters of acrylic and
methacrylic acid, crotyl mercaptan, cycloalkyenyl mercaptopropionates,
cycloalkyenyl mercaptoacetates, crotyl mercaptopropionate, crotyl

-mercaptoacetate, and bromotrichloromethane.

In a third aspect, the polyfunctional compound may be present during
the emulsion polymerization of the core followed by emulsion

polymerization and grafting of the shell to the core.
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Preferably, the polyfunctional conpound in the third aspect has at
Mast two sites of unsaturation of unequal reactivity and is present at a
@vel of fromabout 0.1 to about 30% nore preferably about 1 to 10% by
$®i ght of the core. Preferably, the pol yfunctional conpound in the third

pect is selected fromthe group consisting of allyl-, methallyl-

nyl -, and crotyl esters of acrylic, net hacrylic mal ei c (m)no- and

§C2Ce) BB, ¢ qvmﬂﬂm‘%@ﬁe“%ﬁ PO WA sber B 2 @3 et ner

= and N, N—d| allyl, crotyl nethal lyl -, and vinyl-am des of acrylic and

t hacryl i ctweisifes Mansymranomfmequ reagtiviky éﬂﬁllsrﬁﬂeﬁﬂﬁ 3ed layehy| esters

S 3-butenoic and 4- pentenoic acids; diallyl phthalate; triallyl

JRanur at e; 6f friohy Aboue0.1ablapout 30%i, que-prefbrablgyhbcualyd)JO%Pbyi nyl -

ol |yl P-crotyl-, and P-nethallyl- phosphonates; triallyl-,

i et hal | yiyeioldn6k fhel ¢oret Y| - phosphates; 0,0- diallyl-, dinethallyl-, and
crotyl - phosp%lat es; cycl oal kenyl esters of acrylic, methacrylic, maleic

ggono- and di - esters), fumaric (nmono- and di-esters), and itaconic (nono-

Bd di -esters) acids; vinyl ethers and thioethers cycloal kenols and

B! keneridepliy, ShE WAl GlRnfl corBthAR SEE SET T RO, cre
| -'_l oromet hyl’ro?rtl )t/lrlee ré?oug Iclonslshng of allyl-, methallyl-, vinyl-, and crotyl-esters
of acrylic, methacrylic, maleic (mono- and di-esters), fumaric (mono-
and di-esters) and itaconic (mono- and di-esters) acids; allyl-, methallyl-
, and crotyl-vinyl ether and thioether; N- and N,N-di-allyl, crotyl-,
methallyl-, and vinyl-amides of acrylic and methacrylic acid; N-allyl-,
methallyl-, and crotyl-maleimide; vinyl esters of 3-butenoic and 4-
pentenoic acids; diallyl phthalate; triallyl cyanurate; 0-allyl, methallyl-, -
crotyl-, O-alkyl-, aryl-, P-vinyl-, P-allyl P-crotyl-, and P-methallyl-
phosphonates; triallyl-, trimethallyl-, and tricrotyl- phosphates; 0,0-
diallyl-, diméthallyl-, and dicrotyl-phosphates; cycloalkeny! esters of
acrylic, methacrylic, maleic (mono- and di-esters), fumaric (mono- and
di-esters), and itaconic (mono- and di-esters) acids; Qinyl ethers and
thioethers cycloalkenols and cycloalkene thiols; vinyl esters of

cycloalkene carboxylic acids; 1,3-butadiene, isoprene, and other

conjugated dienes; para-methylstyrene; chloromethyl-styrene; allyl-,

This Sheet Has Been Replace
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Substitute sheet - 07/9/96 methal Iyl -, vinyl-, and crotyl -

¥r capt an; cycl oal kyenyl-, allyl-, nethallyl-, vinyl-, and crotyl-
r capt opr opi onates; cycl oal kyenyl-, allyl-, nethallyl-, vinyl-, and

otyl mercapt oacetates; bronotrichl oronethane; bronofornm carbon
trachl oride; and carbon tetrabrom de. More preferably, the

| yf unctional conpound in the third aspect is allyl nethacrylate or allyl

i ot ofethaliyby st and rarglhraeit: ek BR AP na) “Conpound

MYy be added after enulsion_ polynerization of the core, allowed to soak
Fesiaaliysny

to the cormaethadlylt NémylpoandnsrotyldmereanteRERPigpatesi feri zati on
d grafting of the shell to the core. Preferably, the polyfunctional
mpound i s aliyl¢rethaliyl-n vireple) ard cedtylmefcaptoadetates;30% by wei ght of the

re. Preferably, the polyfunctional conpound in the fourth aspect is

| ect ed fr gpohiGirithfetdntétRahei bremoforat;| sdrbonntetraghloride; aridyhrborand

otyl -esters of acrylic, nethacrylic, nmaleic (nono- and di-esters),

naric (WQPF§PMé esters), and itaconic (nono- and di-esters) acids;

2 yl- metha

-, and crotyl-vinyl ether and thioether; N- and N, N-di -

More preferably, the polyfunctional compound in the third aspect is
allyl methacrylate or allyl acrylate or 1,3-butadiene. If it is the latter it

can comprise up to 100% by weight of the core.

In a fourth aspect, the polyfunctional compound may be added after
emulsion polymerization of the core, allowed to soak into the core and
then polymerized, followed by emulsion polymerization and grafting
of the shell to the core. Preferably, the polyfunctional compound is

present at a level of about 5 to about 30% by weight of the core.

Preferably, the polyfunctional compound in the fourth‘aspect is
selected from the group consisting of allyl-, methallyl-, vinyl-, and
crotyl-esters of acrylic, methacrylic, maleic (mono- and di-esters),
fumaric (mono- and di-esters), and itaconic {(mono- and'di-esters) acids;

allyl- methallyl-, and crotyl-vinyl ether and thioether; N- and N,N-di-

10
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hy| enegl ycoI d| rret h acryl ate, diethyleneglycol dinethacrylate,

et hyl enedicid:dN-allylrmematiallyl-aead gotylemalaimvide;gyipydlestersof Facr y! at e,

'ypro- pyl enegl ycol dinmethacrylate, neopentyl gl ycol dinethacrylate,

allyl-, crotyl-, nethallyl-, and vinyl-amdes of acrylic and
Rhacrylic acid; Nallyl-, nethallyl-, and crotyl-naleinide; vinyl esters
3- butenoic and 4-pentenoic acids; diallyl phthalate; triallyl
gnurate; 0- allyl, nethallyl-, crotyl-, O-allyl, aryl-, P-vinyl,
il lyl, P-crotyl-, and P- nethallyl-phosphonates; triallyl-
nethal lyl -, and tricrotyl- phosphates; cycloal kenyl esters of acrylic,
hacrylic, maleic (nono- and di-esters), fumaric (nono- and di-esters),
Il itaconic (m)no- and di -esters) acids; vinyl ethers and thioethers of
| oal kenol al k thi ol s ters, al kene
-boxyl i ¢ %‘E‘Pﬁﬂfeﬁ% vxgblpwg,xées %ﬁﬁ“@ ‘ﬁe"r“‘gg‘?ﬁ"ﬁ 2‘6 di enes;

1, 3-

'yl enegl y tniterlviacand 4ipentewsipacids; dialbdlphthalaty; eiatlyl toyanatdtg) @ et hane

et hacryl

ate, dipentaerythritol triacrylate, dipentaerythritol

racryl at gyl PRMABAL, kb Opangﬂwyk’a& 1,1P-RPUIPLRH1-OhE P-

gget hacryl at tri nethyl ol

phosphates; cycloalkenyl esters of acrylic, methacrylic, maleic (mono-
a_nd di-esters), fumaric (mono- and di-esters), and itaconic (mono- and
di-esters) acids; vinyl ethers and thioethers of cycloaikenols and
cycloalkene thiols; vinyl esters of cycloalkene carboxylic acids; 1,3-
butadiene, isoprene, and other conjugated dienes; ethyleneglycol
dimeth-acrylate, diethyleneglycol dimethacrylate, triethylenéglycol
dimethacrylate, pélyethylene glycol dimethacrylate, polypro-
pyleneglycol dimethacrylate, neopentylglycol dimethacrylate, 1,3-
butyleneglycol diacrylate, neopentylglycol diacrylate, trimethylolethane
trimethacrylate, dipentaerythritol triacrylate, dipentaerythritol
tetracrylate, dipentaerthritol pentaacrylate, 1,3-butylene_ glycol
dimethacrylate, trimethylolpropane trimethacrylate, trimethylol

propane triacrylate, tripropyleneglycol diacrylate, and divinyl benzene.

11

trimethac yIate trimethylol propane
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Substitute sheet - 07/9/96 1In a fifth aspect, the core and

® shell may be substantially chemcally grafted together utilizing an
genyl mercaptoal kyl ate sel ected from cycl oal kyenyl mercaptopropi onat es,
& | oal kyenyl mercaptoacetates, crotyl nercaptopropionate, and crotyl

: capt oacetate wherein said al kenyl nercaptoal kylate is present during

n polynerization of the shell, followed by enul sion

R ﬁﬁfl a ?,gaf thé'gord and'ehé Shéll th?}' b s%'b@ia'nnallg dResliesipp! v, the

féis present at a le from about 2 t'o about

Vo by wei g V. r lymer is
Eitralized aRLd tgge%@?umwn%?ﬂaaaﬂ& d se{: totaQS'fl %tgn%% }i%gﬁ (k: oglgl d, formc
& d, phospho c,acid drochlorlc aci d ur| acid,. neth nesulfonlc
o Syl afciye engh aneR IR PPIORa ey EJYC‘RF BT CARIORRRIRIES ) yrer ay
& quat erni zed by a quaternizi nggygent |s to be appreci at ed t hat

b pol yf unerelyh anersapiRpraionats, CEQRYE mer@aprmetalﬁ% wherein spid

ion of the shell followed by enulsion polynerization of the
rabkenydrmercaptoalkylate is present during the emulsion 13

polymerization of the shell, followed by emulsion polymerization and

grafting of the core to the shell.

Preferably, the alkenyl mercaptoalkylate is present at a level of from

about 2 to about 30% by weight of the shell.

Advantageously, the core-shell polymer is neutralized by an acid, such
as an acid selected from acetic acid, formic acid, phosphoric acid,
hydrochloric acid, sulfuric acid, methanesulfonic acid, acrylic acid, and

methacrylic acid. Also, the core-shell polymer may be quaternized by a

quaternizing agent.
It is to be appreciated that the polyfunctional compounds may be

absent during the emulsion polymerization of the shell followed by

emulsion polymerization of the core-shell polymer.

12
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cording to a second aspect of the present invention, there is provided
e use of a polyner according to a first aspect of the present invention

& a clear overprint varnish or an ink conposition. According to a third

pect of the present invention, there is provided a process for emul sion

| ymeri zati on conprising using the core-shell polyner according to the

rst aspect of the present invention as a seed. The al kal i -resi stant,

re-shel | A@éﬂ}ﬁ%@ wrasse%nama BEtESTRe a;sr@yantm%nuonhasaeqere conposi ti on
d shell conposit

on remain s bstant| |1y physical fy associ at ed and/ or

bstanti al #&ﬁa&ﬁtﬁ@hw oP%gmte?Q@g}a %t@mg@ ?%];géct%? tRe @kﬁ%t over pri nt

ating in envi ron rnor e core-shelT pol yners of

le present, i nventi.on intain formulation sta I|t d elimnate the
e bs!

vi r onnent ZventigRdIy 3 QYFPENY-IBES PoRD

M an enul si on

| ymeri zation process. Addi tionally, the core-shell polyners of the
esent invention offer the advantage of inproved rheol ogy and heat

Isi stance. The core-shell polynmers of this invention are also useful in
ther According to a third aspect of the present idvention, there is provided a

process for emulsion polymerization comprising using the core-shell

polymer according to the first aspect of the present invention as a seed.

The alkali-resistant, core-shell compositions of the present invention,
whose core composition and shell composition remain substantially
physically associated and/or substantially covalently bonded together,

are useful as a clear overprint coating in high pH environments.

Furthermore, the core-shell polymers of the present invention
maintain formulation stability and eliminate the environmental 5

concerns of solvent-based polymers by using an emulsion

polymerization process.

Additionally, the core-shell polymers of the present invention
offer the advantage of improved rheology and heat resistance. The

core-shell polymers of this invention are also useful in other

13
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aplications requiring al kali-resistance such as, for exanple, netal
adi@esion, fiber treatnent, paper treatnent, cathodic deposition coatings,
st &n bl ocki ng, corrosion resistance and coagul ants/ flocculants and the
g 3 The present invention therefore relates to novel,
algkli-resistant, core- shell enulsion polyners containing an
acy-insol ubl e, enulsion polynmer core, and an acid-sol uble, enulsion

poner shell, wherein the, cor nd the shell are.substantially physically
asibci ated ARPURFAtONSIEIHITING p aiioxﬁé}sé?ﬁqeys‘bgha%dfot’(fd‘@f‘}éﬁ mﬁﬁése pol yner s
cajE be used in various applications where resistance and stability in high
pHEEnvi r onmeradhesion,diber weatment) paperctreatinent, icathedigl depasid@n yner i zat i on
pr@ess, the core-shell conponents are substantially physically associated
angg or subst ardatirigsy statio bldckinig,y cdreosios resigeiriverarid coagylants/zi ng a monomner
m Jure containing at | east one nononmer having acid-ignizable, or

quiernary, QbcqilA@ dHEZ Y gkéunctionality, such that the resulting shell
i sgcid- soluble, and in a separate polynerization stage, form an

ac@l-insoluble core. 15 The core-shell
pogyners of the present invention are such that upon

The present invention therefore relates to novel, alkali-resistant, core-

shell emulsion polymers containing an acid-insoluble, emulsion
polymer core, and an acid-soluble, emulsion polymer shell,

wherein the core and the shell are substantially physically associated

and/or substantially covalently bonded together. These polymers can

be used in various applications where résistance and stability in high

pH environments is required.

In the sequential emulsion polymerization process, the core-shell
components are substantially physically associated and/or substantially
' ' covalently bonded together by polymerizing a monomer mixture
| containing at least one monomer having acid-ionizablg, or quaternary,
or quaternizable functionality, such that the resulting shell is acid-
soluble, and in a separate polymerization stage, form an acid-insoluble

core.

14
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di ssol §ing the shell with an acid or quaternizing conpound, the core and a
porti of of the shell continue to remain substantially physically

associ gt ed and/or substantially coval ently bonded together. It is believed
to be ghe cationic nature of the core-shell polynmers of the present

i nventgon which provides filnms with alkali-resistance in high pH

envi r offnent s. The shell polyners of the present invention are preferably

prepargd by  usii@ ERaQRR 'xgh%:@sofw'h% ek HADERIEGN Are QUcHUYRAELPBRY, OF
guat erf@i zabl e functionality. Suitable noners havi ng such functi gﬁal ity

e Bt e e BTN AR PR S0 S g LR T
(ot fer v- | at e An,R RPFBER S ARl COtHes LR Fs oty PRty mes or
4- vigyl pyridi nes, p-amnostyrenes, substituted diallyl-am nes,

vi nyl @ peri di neassadiatedi andy arciubstartialiy gonalentiebanded hegethenr st e,

acryl @ de, nethacryl am de, N-substituted (neth)acryl am des,

met hag yl am doprbefigied rto et thel cationio ina tarehdfothiedoré-SABIT AGlymeds af tlyé

di met @I anmoni um chl ori de (DADVAC), 2-trimethyl

16 : present invention which provides films with alkali-resistance in high

pH environments.

The shell polymers of the present invention are preferably prepared by
using monomer mixtures with acid-ionizable, or quaternary, or
quaternizable functionality. Suitable monomers having such
functionality include those selected from the group consisting
of dimethylaminoethyl (meth)acrylate, diethylaminoethyl
(meth)acrylate, tert-butylaminoethyl (meth)acrylate, dimethyl-
aminopropyl (meth)acrylamide, oxazolidinylethyl (meth)acry-late,
vinylbenzylamines, vinylphenylamines, 2-vinylpyridines or 4-
vinylpyridines, p-aminostyrenes, substituted diallyl-amines,
; vinylpiperidines, vinylimidizoles, 2-morpholinoethyl (meth)acrylate,
acrylamide, methacrylamide, N-substituted (meth)acrylamides,
methacrylamidopropyl trimethyl ammonium chloride (MAPTAC),

diallyl dimethyl ammonium chloride (DADMAC), 2-trimethyl

15
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a bni um et hyl nethacrylic chloride (TMAEMC), quaternary am ne salts of
btituted (nmeth)acrylic and (neth)acrylam do nononers, and the |ike.
nononers that may be copolynerized with the functional nononers

ed above include those selected fromthe group consisting of nethyl

: vi ny
4| ates and t hactyl.ateg,, andithe.like. ui tabl e noners for the
@bar ati on SFHfEr?E Sb‘é’%b?‘ﬁsa;ﬂﬂb‘*?g)a&fﬁf%ﬁgg (Fhvgﬁﬁ%f‘?rﬁ TORL from the
@ 'p consisting of nmethyl acrylate, ethyl acrylate, butyl acrylate,
W hyl hexyl aBgrthedike. decyl acrylate, methyl nethacrylate, ethyl
nhacryl ate, hydroxyethyl methacrylate, butyl nethacrylate, acrylic acid,
acrylic acid, itaconic acid, maleic acid, fumaric acid, acrylic
3 met hacrylic anhydride, itaconic anhydride, fumaric anhydride,
y| oni tri| ©thet ¥henemess it rhay & copalyareized with drehaictional ny!
; and other CJerr] to (Jerr] alkyl acrylates and nethacryl ates,
B the |ikemonomers listed above include those selected frdrh the group

ethyl acrylate, butyl acrylate, 2-ethyl hexyl acrylate, decyl
nmet hyl nmet hacryl ate, ethyl nethacrylate, hydroxyethyl

acr v at & hioKhFPLAGE mid eyl ROGMbAR (IVAENIY! B8 terniHPSlihe!

and ot her err] to Clerr al kyl

consisting of methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl
acrylate; decyl acrylate, methy! methacrylate, ethyl methacrylate,
hydroxyethyl methacrylate, butyl methacrylate, acrylonitrile, styrene,
substituted styrene, vinyl acetate, vinyl chloride, and other C; to Cy2

alkyl acrylates and methacrylates, and the like.

Suitable monomers for the preparation of the core polymers of this
invention are selected from the group consisting of methyl acrylate,
ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, decyl acrylate, methyl
methacrylate, ethyl methacrylate, hydroxyethyl methacrylate, butyl
methacrylate, acrylic acid, methacrylic acid, itaconic acid, maleic acid,
fumaric acid, acrylic anhydride, methacrylic anhydride, itaconic
anhydride, fumaric anhydride, acrylonitrile, styrene, substituted
styrene, vinyl acetate, vinyl chloride, and other C; to Cy3 alkyl acrylates

and methacrylates, and the like.
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THe core polynmers may optionally al so contain nononers having aci d-

i dni zabl e, or quaternary, or quaternizable functionality, selected from
t e group consisting of dinethylam noethyl (neth)acryl ate,

diget hyl am noet hyl (neth)acryl ate, tert-butylam noethyl (neth)acrylate,

digret hyl am nopropyl (neth)acryl am de, oxazolidinylethyl (neth)acrylate,
vighyl benzyl am nes, vi nyl phenyl am nes, 2- vinyl pyridi nes or

44i nyl pyri di nes, p-am nostyrenes, substituted diallylam nes,

vighyl pi peridines, vinylimdizoles, 2- norpholinoethyl (neth)acrylate,

adyl am d hacr ylam de. N o substit uied (et h)aci vl au ,
4 1ty an B Fors, BODRSFSBY PRI AIsBreER *f?%%%ﬂg‘i’r% 19

digret hyl ammmoni um chI ori de (DADMAC), 2-tri math I a [e?:[i{
§ hacryl i c iohizsbielor(quataviry. qu@@ﬁw&mi&mfﬁécgwé s%ﬁe Gisst 1TPM ed
(geth)acrylic and (neth)acryl am do nononmers, and the |ike. The core

P@ ymer shouhe groefpecarsisting oé dxmhylmmb@%)dy(mehhjwydﬁtel nmononers havi ng
ad@ d-ioni zabl e, or quaternary, or quaternizable- functionality, such that
tige core is diggylafiRobthydihéth)acrylate, tert-butylaminoethyl (meth)acrylate,

. dimethylaminopropy! (meth)acrylamide, oxazolidinylethyl

(meth)acrylate, vinylbenzylamines, vinylphenylamines, 2-

vinylpyridines or 4-viny1pyridine§, p-aminostyrenes,

substituted diallylamines, vinylpiperidines, vinylimidizoles, 2-
morpholinoethyl (meth)acrylate, acrylamide, methacrylamide, N-

substituted (méth)acrylamides, methacrylamidopropyl trimethyl

ammonium chloride (MAPTAC), diallyl dimethyl ammonium

chloride. (DADMAQ), 2—trimethyl ammonium ethyl

methacrylic chloride (TMAEMO), quaternary amine salts of substituted

(meth)acrylié and (meth)acrylamido monomers, and the like.
The core polymer should preferably have less than 10% by weight of

monomers having acid-ionizable, or quaternary, or quaternizable

functionality, such that the core is insoluble in acid.

17
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SEP 1996 18 H gher | evel s of

Bhoners having aci d-ionizable, or quaternary, or quaternizable
Pctionality are used in the shell polyner than in the core polyner in
Mder to induce acid solubility. Suitable | evels of nononers having

i d-ioni zabl e, or quaternary, or quaternizable functionality for the
el | pol ynmer range from about 10 to about 60% by weight, preferably about

§ o oni zarteRes el moppmidl$ 1Ehe B SbER FURE AR Wy s v

j shel | pol ymer are di nmet hy].am noet hyl, t hacryl ate, dinethylam nopropyl
gkl ol iy the shell oty mer th

hacr yl ani GRaterpigable funcHeBaHY ar L ¢ &neldRe aRdASni noet hyl

& hacryl at e. The weight ratio of the core polynmer to the shell polyner

i 2 pr ef er abl gore gimdymegin sden tb induasadd solwbitityr Suitabld levelseft 70:30 to

Jut 30:70, and nost preferably about 60:40 to about 40: 60.

ef erabl y, mboatire lnlingacidiioniaable, ohiquatemage, ophaatdraizabde ght  greater

#n about 8,000 and the shell polyner has a wei ght average

B R T R e et
Ll h TR LA e s ! rgarhy g uai

Cep BRATR] ko s G Dbl o i

functionality for the shell polymer range from about 10 to abaut 60%

by weight, preferably about 20 to about 50% by weight.

The most preferred monomers having acid-ionizable, or quaternary, or
quaternizable functionality for use in the shell polymer are
dimethylaminoethyl methacrylate, dimethylaminopropyl
methacrylamide, diethylaminoethyl methacrylate, and tert-

butylaminoethyl methacrylate.

The weight ratio of the core polymer to the shell polymer is preferably
about 85:15 toabout 15:85, more preferably about 70:30 to about 30:70,

and most preferably about 60:40 to about 40:60.
Preferably, the core polymer has a weight average molecular weight

greater than about 8,000 and the shell polymer has a weight average

molecular weight of about 5,000 to about 100,000.

18
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Mecul ar wei ght of about 5,000 to about 100, 000.

e o 0 ~0 "o p e

Pl TONE DRATRUY:

The shell polyner may contain any chai n-transfer agent or m xtures
breof, to control nol ecul ar weight of the shell. Suitable chain transfer
ent s i nclude such as, for exanple, Cerr] to CJerr] al kyl nercaptans, or
kvl mer capt oal kanoat es or hal ogenat ed hydrocarbons at |evels of about 0.1
about 10% by wei ght. Quat erni zi ng agents capabl e of quaterni zi ng

it er ni zabl.g M r I i ' hat wil |
ot pr et or Eh PAAT potypdf BEpZcoall Spit et SerlVolfiiRhie 10 ¢

pabl e of uaterni zin m ne functi, onal no, s Jd nclude, those sel ected
bm  t he gr‘gﬁbeq,foF%Fg’c‘&ﬂS“Eﬁie%lR&W ﬁﬂfege é@ﬁ' t#é‘l‘ﬁab? chadfi chi or ohydri n
i epoxides such as, for exanple, ethylene oxide, propylene oxide, epoxy
i vat i ves toangipr pgents|indudgsuchias, farlexamplerte t@&lezéh%eh merRApPaRs; s of

s invention are neutralized by dissolving the acid-soluble shell with

-ds sel ect@dalikyDiietdaptEdlRER0ated 88 halogehatéd asRIrbearboind at flevéls ofaci d,
bsphoric acids (for exanple, neta-, ortho-, tri-, tetra-,alkyl-),

air ochl ori Ca&ﬂch)'l ﬁi’ﬁ%ﬁtj fb‘?ﬁﬁgq”eigﬂ?.t hanesul foni ¢ acid, and (nmeth)acrylic

@d(i.e, aci

s wth pKa les

Quaternizing agents capable of quaternizing quaternizable monomers
generally include any alkylating agents that will react preferentially
with the amine functionality. Suitable compounds capable of
quaternizing amine functional monomers include those selected from
the group consisting of alkyl halides, aryl halides, epichlorohydrin and
epoxides such as, for example, ethylene oxide, propylene oxide, epoxy

derivatives of Bisphenol A, and the like.

The core-shell polymers of this invention are neutralized

by dissolving the acid-soluble shell with acids selected from the group
consisting of acetic acid, formic acid, phosphoric acids (for example,
meta-, ortho-, tri-, tetra-,alkyl-), hydrochloric acid, sulfuric acid,
methanesulfonic acid, and (meth)acrylic acid (i.e., acids with pKa less

than that of the amine-functional monomer).

19
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® that of the am ne-functional nononer).

Based on equivalents of amne in the shell polyner, preferably about
Fto about 1.5 equivalents of acid are added to the polynmer conpositions
amecutralize and to dissolve substantially the shell polynmer so as to

in a bl end of neutralized core-shell polynmer and an aqueous sol ution of
.ralized shell polyner, wherein the core-shell polyners are

ptantial | g, %Céciﬁiy/al?éiﬁ?%'f %hﬁﬂeélﬁ(ihérshéllgﬁl?ﬁ{ér?‘ raferasly @bt y bonded
bt her . There are various nethods for prepafing the core-shell

mers of i reparing the
J/er s ac@gﬁﬂ %@?#ﬁ@%ﬁgé@%{b fiagﬁn |%§1‘¥%¢T§6 gfi? %?Pbgggpberow agd are

G enced as Method | - Method | V. thod | .includes se tially

48 si on pol §9E}R°EF§H%“%‘W8FF@HR m{ﬂg&éﬁﬁ'teasﬂhsﬁ@mégﬁk' éé%gﬂéﬂe nononer
#F Ng acid-ionizable, or quaternary, or quaternizable functionality and,
fonal |y, @olyeysamsttodieam 2 blgrshipfineutralized cate-shell polynebard asy~ a

ggond enul sion polynerization to formthe core polynmer in the presence of
¥ previ oushaygupoly sehitierd of nelutralizedashedl pblymher, hyhemsihithe conaxshele of  t he

t
2
0
t
f
n
S
t
p
p.=
r
el
h#
0
S|
t
S

fl | polymer, it migrates to the particle surface to be at the
x polymers are substantially physically associated and/or substantially

covalently bonded together.

There are various methods for preparing the core-shell polymers of the
present invention. Exemplary methods for preparing the polymers
according to the present invention are disclosed below and are

referenced as Method I - Method IV.

Method 1 includes sequentially emulsion polymerizing a monomer
.mixture containing at least one monomer having acid-ionizable, or
quaternary, or quaternizable functionality and, optionally, a
polyfunctional compound to form the shell followed by a second
emulsion polymerization to form the core polymer in the presence of
the previously polymerized shell. Because of the hydrophilic nature of
the shell polymer, it migrates to the particle surface to bg at the

hydrophilic polymer/water interface.

20
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roph| lic polymer/water interface.
_ The optional pol yfunctional conpound in Method | serves to
bstantially covalently bind together a portion of the shell with the

@ c. Core-shell polyners prepared by Method | nay be prepared with or

hout pol yfunctional conpounds. Met hod Il includes sequentially

1l si on pol ynerizing -a nononer mxture with optionally a nononer having
Ed-ioni zabl e, or quaternary, ‘or quaternizable functionality and,

ionally, a polyfunctional conpound to formthe core polyner followed by

tsecond enul sion polynerlzatlon utilizin X ure cont ai ni ng
| east onEheropsienal palyfuncional rompoypddt i &engﬂ‘grfee?eﬁ tt

ternlzablefunctlonalltytoformthe shel | pol |nthe resence of

e previ ousibstamtiallye covalantdyrind togeiher-aspeiitionp wﬁsslselbmﬁart by Met hod
tmay be prepared with or w thout pol yfunctional conpounds. Met hod |11

| udes pogorariCaretshellgpslFRicEs préparetity Methedi maybe prepared with

or without polyfunctional compounds.

Method I includes sequentially emulsion polymerizing a monomer
mixture with optionally a monomer having acid-ionizable, or
quaternary, or quaternizable functionality and, opticnally, a
polyfunctional compound to form the core polymer followed by a
second emulsion polymerization utilizing a monomer mixture
containing at least one monomer having acid-ionizable, or quaternary,
or quaternizable functionality to form the shell polymer in the

presenée of the previously polymerized core.

Core-shell polymers prepared by Method II may be prepared with or

without polyfunctional compounds.

Method III includes polymerizing monomers utilizing at least one
monomer having acid ionizable, or quaternary, or quaternizable

functionality and, optionally, a polyfunctional compound.under
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9 having acid ionizable, or quaternary, or quaternizable
@ nctionality and, optionally, a polyfunctional conpound under

enul si on pol yneri zation conditions to forma | ow nol ecul ar wei ght

jtdrophilic shel | polyner, neutralizing and solubilizing the polyner
) acid or by quaternization, then polynerizing | atex nononmer under

| sion polynerization conditions to forma hydrophobic core

thod IV includes th

s been prepared, .t he

enul si on polynerized in the

Peni cal |y giddresimubioripol

e pol yfunctional conpounds nay be used to bind substantially covalently

Wvar ds add

A pol yfuncti onal c¢aqnpound(s) .i.s(are added, al | oned
soak i nt dWydrepbilieshall pelymer newralizin %ini%ei‘fhlﬁ%%zh%ﬁa YREN

|l ymeri zed using a redox initiator such as t-butyl

| f oxyl at e withraxi dcidyoreby fqatennézation, dhen palypesigingtiptiex menosmen | pol yner
presence of the core and substantially

etizgtioti s@refitibhs tp doyinua tyidrophobivngurend.

pol ynmer.

evi ousl y FRHBIPRBPBTSHON shorlia YArPah 20w SRIBHR Maehe 5 o,

hydr oper oxi de/ sodi um

?dalgggerto the core polyner, which results in enhanced stability

sol vent and ot her formul ation

Method IV includes the addition of a polyfunctional compound(s) to a
previously formed core polymer emulsion. After the core polymer
emulsion has been prepared, the polyfunctional compound(s) is(are)
added, allowed to soak into the core polymer for about 10 to 60 minutes
and then polymerized using a redox initiator such as t-butyl
hydroperoxide/sodium sulfoxylate formaldehyde/ferrous sulfate.
Subsequently, the shell polymer is emulsion polymerized in the
presence of the core and substantially chemically grafted thereto by the

use of the polyfunctional compou'nd.

The polyfunctional compounds may be used to bind substantially
covalently the shell polymer to the core polymer, which results in
enhanced stability towards added co-solvent and other formulation

additives.
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i tives. 23  Preferably, the
3% ¢ and shell conponents are substantially covalently bonded together by.
4 ryi ng out the ernul sion polynerization of either the core or the shel
I® the presence of at |east one polyfunctional conpound having (a) two or
e sites of unsaturation, (b) reactive chain transfer agents having two
#l nore abstractable atons, or (c) hybrid polyfunctional conpounds having

& o, AR, B e A A RE bl ) | o
¢ It hayvi ' d stabili t d. additi | .e..algohols,
R A R T )

At resistance and desirabl e rheol ogy. The pol yfupcti onal conpounds for
dlch of t he thesoze gethe shell inthe presenes ofiat @QW%HOPWBHF?ngr oup

Jnsi sting of allyl-, nmethallyl-, vinyl-, and crotyl-esters of acrylic,
7t hacryl i c,compeund having (@nwaelor mes sites) of finsaturati¢molhd reagtivedi - est er s)
Ald itaconic (nono- and di- esters) acids; allyl-, methallyl-, and

Qot yI - vi nylchaii éfansfed dgenechiding Mvo Ginghore Mbsiractabld atomstordt) yl -,

@otyl -, and vinyl- anides of acrylic and
s hybrid polyfunctional compounds having one or more abstractable

atoms and one or more sites of unsaturation.

The core-shell polymers of the present invention result in polymer
compositions having improved stability toward additives (i.e. alcohols,
solvents, etc.). They also have improved redispersability, foam control,

heat resistance and desirable rheology.

The polyfunctional compounds for each of the afore-mentioned
Methods may be selected from the group consisting of allyl-, methallyl-,
vinyl-, and crotyl-esters of acrylic, methacrylic, maleic (mono- and di-
esters), fumaric (mono- and di-esters) and itaconic (mono- and di-
esters) acids; allyl-, methallyl-, and crotyl-vinyl ether and thioether; N-
and N,N-di-allyl-, methallyl-, crotyl-, and vinyl- amides of acrylic and
methacrylic acids; N-allyl-, methallyl-, and crotyl- maleimide; viny!

esters of 3-butenoic and 4-pentenoic acids; diallyl phthalate; triallyl
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grylic acids; Nallyl-, nethallyl-, and crotyl- mal ei mde; vinyl
esterg of 3-butenoic and 4-pentenoic acids; diallyl phthalate; triallyl
24  %yanurate; O-allyl-, methallyl- crotyl-, O-alkyl-, aryl-, P-vinyl-,
P-al I§l-, P- crotyl-, and P-nethallyl-phosphonates; triallyl-,
trimeghanyl -, and tricrotyl-phosphates; O-vinyl-, 0,0-diallyl-,
di net@al Iyl -, and dicrotyl- phosphates; cycloal kenyl esters of acrylic,
met hagrylic, maleic (nmono- and di-esters), fumaric (nono- and di-esters),
and i§aconi ¢ (morganarate; @Hallytt evethaliylr deotyls Bsalkyl-hamd-, dhdinyllnyR-allyl-, P-
t hi oeghers of cycl oal kenols and” cycl oal kene thiols; vinyl esters of
cycl ofl kene car be¥ytyls; sl Bsmethallyl-ghospibaags; trialpylenarimethaltylerand
conj ulat ed di enes; para- nethylstyrene; chloronethyl styrene; allyl-,
met ha

Lyl -, vi ”y'ﬁiﬂ%ﬁg?%gﬁ”y‘f’ﬁesmn{a‘?’iﬂt'am""di&“ﬂL'oai‘h“ﬁm - add aicrotyl-

Al yl-, vinyl-, Ccro pt opr opi ‘onat es; cycl oal kyenyl -,

or ol i £ni or oreisgREralRe: kY RReRY R ksis O abRien S AESALG, malsic gpono-

tetra@rom de and the |ike. Preferred pol yfuncti qQnal ,conpoungds for use in
Methofl | or Met ed di-esters. fwmarcdmanas @ él-gﬁscﬁgl EBﬂs‘Fas‘n}f)’%?’BPm' and
met hafll yl -, crotyl-, and vinyl- esters of acrylic acid, nethacrylic acid,

mal ei§ acid (nondi-esters) deidssvisry)ethensrand vinydithiqatbers obeyrlaalkenelsrand and
cycloalkene thiols; vinyl esters of cycloalkene carboxylic acids; 1,3-
butadiene, isoprene and other conjugated dienes; para- methylstyrene;
chloromethylstyrene; allyl-, methallyl-, vinyl-, and crotyl- mercaptan;
cycloalkyenyl-, allyl-, methallyl-, vinyl-, and crotyl-

mercaptopropionates; cycloalkyenyl-, allyl-, methallyl-, vinyl-, and

crotyl- mercaptoacetates; bromotrichloromethane; bromoform; carbon

tetrachloride; and carbon tetrabromide and the like.

Preferred polyfunctional compounds for use in Method I

or Method III are selected from the group consisting of methallyl-,
crotyl-, and vinyl- esters of acrylic acid, methacrylic acid, maleic acid
(mono- and di-esters), fumaric acid (mono- and di-esters) and itaconic
acid (mono- and di-esters); allyl-, methallyl- and crotyl- vinyl ether; N-
or N,N di-, methallyl-, crotyl- and vinyl- amides of acrylic acid and

methacrylic acid; N- methallyl and crotyl- maleimide; cycloalkenyl
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Id (nmono- and di-esters); allyl-, nethallyl- and crotyl- vinyl ether; N

& NN di-, nethallyl-, crotyl- and vinyl- am des of acrylic acid and
et hacrylic acid; N methallyl and crotyl- maleimde; cycloal kenyl
H esters of acrylic acid, nmethacrylic acid, nmaleic acid (nmono- and di -

@ters), fumaric acid (nono- and di-esters), fumaric acid (nono- and di-
gters), itaconic acid (nmono- and di-esters); 1,3-butadiene; isoprene,;

@ a- nethylstyrene; chloronethylstyrene; nmethallyl-, crotyl- and vinyl-
er capt an; cycl oal kyenyl -, nethallyl-, vinyl-, and crotyl -
pr capt opr opi onat es; cycl oal kyehyl, nethallyl-,vinyl-, and crotyl -

1 2r capt oac eksterssof aarglibaoi) methhbnylir-anid havadeic B robponsndwliat ed nononers
Wthin this | i st are commonly described as graft-linking monomers which

gl ¢ charact gelezdfianakid Wit (rtheRoOhndiicestersy Sfudharit a6id (theho-oanddiunequal
eactivity. The nost preferred pol yfunctional conpounds for use in

igpthod I or esl{XFstgPﬂgccld‘lié g;{)efgxﬁgﬁo-cé(ﬁa Al dsesty); l%]-gu‘ﬁcﬁk?ié; Repfdne; phracrylic

d nethacry acl nmer capt an, cycl oal kyenyl ‘mertapt opr opi onat es,
o cl oal kyenyl apt oacet at es.. cr ot mer ropi.ona tyl
g capt oac e¥’éﬁtg§'{s N6t 6 ?W%hf%ﬁ@#%&egﬁgwgeg&tﬁgréclg%tvgﬁﬁ

mercaptan; cycloalkyenyl-, methallyl-, vinyl-, and crotyl-

mercaptopropionates; cycloalkyenyl, methallyl-,vinyl-, and crotyl-
mercaptoacetates; and bromotrichloro-methane. The polyunsaturated
monomers within this list are commonly described as graft-linking
monomers which are characterized as having two or more sites of

unsaturation of unequal reactivity.

The most preferred polyfunctional compounds for use in Method I or
Method III include cycloalkeny! and crotyl esters of acrylic and
methacrylic acid, crotyl mercaptan, cycloalkyenyl mercaptopropionates,
cycloalkyenyl mercaptoacetates, crotyl mercaptopropionate, crotyl
mercaptoacetate, and bromotri-chloromethane. Alkenylmercapto-
alkylates like crotyl mercaptopropionate, dicyclopentenyloxyethyl
mercaptopropionate, and dicyclopentenyl mercaptopropionate have
been found to be useful in the preparation of alkali soluble shell core-

shell compositions described in US-A-4876313 as well as in-Method I or
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algyl ates like crotyl mercaptopropionate, dicyclopentenyl oxyethyl

£g capt opropi onat e, and di cycl opent enyl nercapt opropi onate have been found
t d@be useful in the preparation of alkali soluble shell core- shel
caiposi tions described in US-A-4876313 as well as in Method | or

4 Method Il of the acid soluble shell core shell compositions disclosed
cgein. In Method | or N@thod III t he pol yfuncti onal conpound(s)
i gflare) pre&fend i ght of
0 SR i AR YE ) el ot
pa yfunctiogﬁ conpounds for use |n Method Il are selected fromthe group
C@@si sting -, methallyl-, vinyl-, and crotyl-esters of acrylic,
‘né@hacrylic, nalelc (mono-and di-esters), fumaric (nono- and di-esters).
arj itaconic (nmono- and di-esters) acids; allyl-, nmethallyl- and

cratyl -vinyl ether and thioether; N- and N, N-di-allyl, crotyl-,
@ hal | yl -, IanMethod|I- amiidkod Illa the potyfandtiosdlhcompbindés)iisfareN- al | yI -

hal Iyl -, and crotyl-nal ei m de; vinyl esters of 3-butenoic and 4-
=- tenoic anr@feraHlyaixééd aPA 1Rl aF abolif 2 3 hB6NaBI%BEwelgli dfthe siellhal | yl -
crptyl-, 0-alkyl-, aryl-, P-vinyl-, P-allyl P—crotyl , and P-nethallyl -

polymer, preferably about 3 to about 10%.

Preferred polyfunctional compounds for use in Method II are selected
from the group consisting of allyl-, methallyl-, vinyl-, and crotyl-esters
of acrylic, methacrylic, maleic (mono-and di-esters), fumaric {mono-
and di-esters) and itaconic (mono- and di-esters) acids; allyl-, methallyl-
, and crotyl-vinyl ether and thioether; N- and N,N-di-allyl, crotyl-,
methallyl-, and vinyl-amides of acrylic and methacrylic acid; N-allyl-,

methallyl-, and crotyl-maleimide; vinyl esters of 3-butenoic and 4-

P

pentenoic acids; diallyl phthalate; triallycyanurate; 0-allyl, methallyl-,
crotyl-, 0-alkyl-, aryl-, P-vinyl-, P-allyl P-crotyl-, and P-methallyl-
phosphonates; triallyl-, trimethallyl-, and tricrotyl- phosphates;
0,0-diallyl-, dimethallyl-, and dicrotyl- phosphates; cycloalkenyl esters
of acrylic, methacrylic, maleic (mono- and di-esters), fumaric (mono-
and di-esters), and itaconic (mono- and di-esters) acids; vinyl ethers and

: thioethers cycloalkenols and cycloalkene thiols; vinyl esters of
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phgsphonates; triallyl-, trinmethallyl-, and tricrotyl- phosphates;
,@-diallyl-, dinethallyl-, and dicrotyl- phosphates; cycl oal kenyl esters
of Jacrylic, nethacrylic, naleic (nono- and di-esters), fumaric (nono- and
Jesters), .and itaconic (nono- and di-esters) acids; vinyl ethers and
t h§oet hers cycl oal kenol s and cycl oal kene thiols; vinyl esters of

3 cycl oal kene carboxylic acids; 1, 3-butadiene, isoprene, and ot her

cofjugated die ar a-, et or one | st - allyl-
Coplu9Rt e I e R S B b S r&%,af%%fé&ﬁeﬁ Bihert 1
meghal lyl -, vinyl-, and crotyl- Trerca toproplonates cl oal kye yI-,
1yl -, net h@@mygated/dwy\res, pammﬁtbylff repg; chlaromethylsbgene; allyl-,
#notri chl oronet hane; bronmoform carbon tetrachloride; and carbon

ragges from about 0 1 to about 30% by wei ght of the core, nore preferably

put 1.0 tﬁxe@ﬂ@luyl- %Fyl-'\/aﬁa d%%fleh?é}k 1%td;ﬁepmﬂa\téaur1<5ltldal er§npound is
ly

1yl acrylate or al rrethacry ate. e use of 1,3 butadi ene

cojstitutes Qiuggfﬁieﬁlf’ sg,m eﬁﬁd'c?&@lsnféfrcéﬁ’toEgt? ut 100% by wei ght of

b core are dertal h enbodrnents linctional conpounds

suptabl e fOrbxl'Joerexo ?clzllllgl\l\cﬁ)rpxgthanet]%gorln\éform carbon tetrachloride; and carbon

tetrabromide.

Preferably, the level of said polyfunctional compound(s) ranges from
about 0.1 to about 30% by weight of the core, more preferably about 1.0
to about 10%. Most preferably, the polyfunctional compound is allyl
acrylate or allyl methacrylate. The use of 1,3-butadiene

constitutes a special case, where levels of up to about 100% by weight of

the core are useful for certain embodiments.

Polyfunctional compounds suitable for use following Method 1V are
selected from the group consisting of allyl-, methallyl-,. vinyl-, and
crotyl-esters of acrylic, methacrylic, maleic (mono- and di-esters),
fumaric (mono- and di-esters), and itaconic (mono- and di-esters) acids;
allyl- methallyl-, and crotyl-vinyl ether and thioether; N- and N,N-di-

allyl-, crotyl-, methallyl-, and vinyl-amides of acrylic and
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s@ ected fromthe group consisting of allyl-, nethallyl-, vinyl-, and
Pbtyl-esters of acrylic, nethacrylic, maleic (nmono- and di-esters),
aric (nono- and di-esters), and itaconic (nono- and di-esters) acids;
4 yl- nmethallyl-, and crotyl-vinyl ether and thioether; N and N, N-di -
al yl-, crotyl-, nmethallyl-, and vinyl-am des of acrylic and

nmet hacrylic acid; N-aIIyI , nethallyl-, and crotyl-maleimnde; vinyl

egers of 3- | J triallyl

g SR L i % SPELBIRA, 4o fidylaudlphine okt 11BN
, crotyl and hal, | p os honat es,, tri |rret IyI , and

g crotyl ph%?ﬁ?a?&gﬁ@lﬂ ér‘ﬁe e @P&g 1gs: g@il)'lllﬁ“h#é & 4R aﬂ c, maleic
(gono- and di-esters), fumaric (nmono- and di-esters), and itaconic (nono-
afd di - est efyanugate; §-allyl nnethalidr.crahi- il Rerls Brvinydy BralwliBnol s and

cyl oal kene thiols; vinyl esters of cycloal kene carboxylic acids; and 1,3

bg adi ene, tm;dﬁ,emad Pameetbalbykphosphayates) tridilyhe srimethallylsdaid i on,
c@nmpounds of the type commonly described as crosslinking pol yunsaturated

ghoner s hatidretylphosphares;cyeidakerdf] estéis Vf Wcayli@methaaplicmateicel y equal
' ct ivity can be used such as, f or exanple, et hyl enegl ycoI

(mono- and di-esters) acids; vinyl ethers and thioethers of

cycloalkenols and cycloalkene thiols; vinyl esters of cycloalkene

carboxylic acids; and 1,3 butadiene, isopr.ene, and other conjugated

dienes.

In addition, compounds of the type commonly described as
crosslinking polyunsaturated monomers having two or more sites of

unsaturation of approximately equal reactivi.ty can be used such as, for
example, ethyleneglycol dimethacrylate, diethyleneglycol

dimethacrylate, triethyleneglycol dimethacry-late, polyethylene glycol

dimethacrylate, polypropyleneglycol dimethacrylate, neopeiiy

A&’l,q il

dimethacrylate, 1,3-butylene-glycol diacrylate, neopentyiglycol
diacrylate, trimethylolethane trimethacrylate, dipentaerythritol
triacrylate, dipentaerythritol tetracrylate, dipentaerthritol pentaacrylate,

1,3-butylene glycol dimethacrylate, trimethylolpropane trimethacrylate,
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fnet hacryl ate, triethyl eneglycol dinethacry-I|late, polyethylene glycol

nmet hacryl ate, pol ypropyl enegl ycol dinethacrylate, [err] dinethacrylate,.
3-butyl ene-gl ycol diacrylate, neopentylglycol diacrylate,

8i net hyl ol et hane trinethacryl ate, dipentaerythritol triacrylate,
fipentaerythritol tetracrylate, dipentaerthritol pentaacrylate,

3-butyl ene gl ycol dinethacrylate, trimnmethylol propane trinethacryl ate,

3 trimethylol propane triacrylate, tripropylene-glycol diacrylate, and
dvi nyl benzBhpethylo H@R%\?e‘l“aﬁ}/ylﬁtﬂrﬁ‘ﬁﬁ‘éﬁylﬁﬁéﬁxw&%}éﬁ%}'@%&' aedful in

gt hod |V ranges fromabout 5 to about 30% expressed as weight percent of
tfle core podiminyl benzerer abl y about 10 to about 20% Monof uncti onal

gnoners may al so be added with the pol yfunctional conpound up to a |evel
8 about 70% by wei ght of the total nononers and pol yfunctional conpounds.-
aflded to the previously forned core enul sion. When Method IV is

Ugi | zed, adghbileral ofdpblyneididl FonteiRedBl tsefillah KRGS IV Hdrigesd are

s@ll ected from et hyl enegl ycol dinethacrylate, diethyleneglycol

et hacr 1 ahgm Lotat BYLSREA! 468] of ELOPEL WeAlhs peOhi6l I 580! voo!

dgmet hacryl ate, ypr opyl enegl ycol acry
: polymer, preferably about 10 to about 20%. Monofunctional

oaNPo~TRroo

monomers may also be added with the polyfunctional compound up to
a level of about 70% by weight of the total monomers and
polyfunctional compounds added to the previously formed core

emulsion.

When Method IV is utilized, additional polyfunctional compounds
that can be utilized are selected from ethyleneglycol dimethacrylate,
diethyleneglycol dimethacrylate, triethyleneglycol dimethacrylate,
polyethyleneglycol dimethacrylate, polypropyleneglycoldimethacrylate,
neopentylglycol dimethacrylate, 1,3-butyleneglycol diacrylate,
neopentylglycol diacrylate, trimethylolethane trimetha‘crylate,
dipentaerythritol triacrylate, dipentaerythritol tetracrylate,
dipentaerythritolpentaacrylate, 1,3-butylene glycol dimethacrylate,
trimethylolpropane trimethacrylate, trimethylol propane triacrylate,

tripropylene glycol diacrylate, and divinyl benzene and the like.
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eppent yl gl ycol dinethacryl ate, 1, 3-butyleneglycol diacrylate,
eppentyl gl ycol diacrylate, trinmethylol ethane trinethacryl ate,
dipentaerythritol triacrylate, dipentaerythritol tetracryl ate,
digpent aerythritol pentaacrylate, 1, 3-butylene glycol dinethacrylate,
t'r§ met hyl ol propane trinethacrylate, trinethylol propane triacrylate,
propyl ene glycol diacrylate, and divinyl benzene and the |ike.
The al kali-resistant core-shell polyners of the present invention

useful in various applications where exposure to high pH environnents
required. They are particularly useful when neutralized and utilized in
Anting i nkFheallaliptdsistantveoresshell polunersubfstheapresest invention @aver pri nt
@nting, or a conbination thereof. By developing the alkali-resistance in
e i nk, t heg@fhiBin9ai6as appliba@bes wherBexpobbiitectb RigispHhte with an

Arprint coating, thus, reducing processing costs. The
alfali-resis it f FEPERiclIaMG hdetll Yiferdl SO useful
urgler condi t%rgdrﬂi{éo%g?fe&sllshggagr&iegt e%ﬂajgsf?af%c r%us?n%é'e protected from

cagstic a nenéu%?él'ife%nggd utilized in printing inks or applied over a printed
substrate as a clear overprint coating, or a combination thereof. By
developing the alkali-resistance in the ink, there is no need to protect

the printed substrate with an overprint coating, thus, reducing

processing costs.

The alkali-resistant compositions of the present invention are also
useful under conditions where the printed substrate must be protected

from caustic line lubricants.

Some other uses of the alkali-resistant compositions of the present
invention include metal adhesion, fiber treatment, paper processing,
cathodic deposition coating, stain blocking, corrosion resistance,

coagulants and flocculants.

The present invention will now be described by way of examples only.
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SQ'- ot her uses of the alkali-resistant conpositions of the present
I ngention include netal adhesion, fiber treatnent, paper processing,
hodi ¢ deposition coating, stain blocking, corrosion resistance,

copgul ants and fl occul ants. The present invention will now be descri bed
bygway of exanples only. 31

Expnpl es Prepared by Method | Exanple 1 A stirred reactor

cofit ai ni ng £9818 PESARBE ddl Wwater and 5 g of anphoteric
suffactant Wwas frieat e 0 err under a nitrogen atnosphere. Then, 4.3 g

off§ 1 wt % Versene solution (tetrasodiumsalt of ethyl enedianine tetraacetic

led to th rea(itor. A charge of 29.8 g of nonomer enmulsion No. 11 (ME
4, shown géﬁ@l@-e—l/vas added to the reactor with a 10 g D.1. water rinse,

g1 owed by 1.06 g of ammonium persul fate dissolved in 50 g of D.I. water.
fer 20 ninut edA stitredr reaeton gontaining 498 g of deienized (BLLX eed cat al yst #11
ahown below) were added to the reactor over an 80 minute period while

g nt ai ni ngwdter and & gof aenplestetio sarfattaid [veas héated to 60°C under a

nitrogen atmosphere. Then, 4.3 g of 1 wt% Versene solution

(tetrasodium salt of ethylenediamine tetraacetic acid) and 4.3 g of a 0.15

wt% ferrous sulfate heptahydrate solution were added to the reactor. A

charge of 29.8 g of monomer emulsion No. 11 (M.E. #11, shown below)

was added to the reactor with a 10 g D.I. water rinse, followed by 1.06 g

of ammonium persulfate dissolved in 50 g of D.I. water. After 20

minutes, the remainder of M.E. #11 and the co-feed catalyst #11 (shown

below) were added to the reactor over an 80 minute period while

maintaining the reactor temperature at 60°C.

A 20 g D.I. water rinse was used to flush the M.E. feed line to the reactor
upon completion of the feed. After holding the batch for 30 minutes at
60°C, a solution of 0.4 g sodium sulfoxylate formaldehyde in 20 g D.I.

water was added to the reactor and the temperature increased to 85°C.
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A 28g D.1. water rinse was used to flush the ME. feed line to the reactor
upo-' conpletion of the feed. After holding the batch for 30 m nutes at
60[&4r]C, a solution of 0.4 g sodium sul foxylate fornmal dehyde in 20 g D.I.
wat @@ was added to the reactor and the tenperature increased to 85[err]C.
32 ME. #12 (shown below) and co-feed #12 (shown below) were then fed
to #he reactor over a 60 minute period with the batch tenperature

mai | ai ned at 85[err]C Upon conpl etion of the feeds, the ME. |ine was
ringked to the reactor with 20 g D.1. water and the batch held at 85[err]C

for3O mnute “waaz‘ gg'ﬂoqg 54
0.1 wm%ferr (?65 s#u-%hgpémﬁé%? a ﬁ‘;%gk%é ﬁ?z ﬁ%@lov@?w&é‘?ﬂén ?éd
hydgoper oxi de 5 wat er, m suI fox | at e
o g denyde. it tBeyeaftor cler 260 pRL et t%ltﬁﬁegwé?%r SmperafiEd 1o ch was
furgher cooled to 45[err]C and neutralized with charges of 3 g glacial
acel c acid i Mmamtaingdta85°6t | owed by 41.7 g gl acial acetic acid.

Upon completion of the feeds, the M.E. line was rinsed to the reactor

with 20 g D.I. water and the batch held at 85°C for 30 minutes.

The reactor was cooled to 55°C, solutions of 5 g 0.15 wt% ferrous sulfate
heptahydrate solution, 0.5 g t-butyl hydroperoxide (70%) in 5 g D.L
water, and 0.25 g sodium sulfoxylate formaldehyde in 5 g D.I. water

were added to the kettle.

The batch was further cooled to 45°C and neutralized with charges of 3

g glacial acetic acid in 15 g water followed by 41.7 g glacial acetic acid. v

The final product had a solids content of 42.4% and a Brookfield

viscosity of 940 cps at pH 4.8.
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TRe final product had a solids content of 42.4% and a Brookfield viscosity

940 cps at pH 4. 8. 33 Mononer
| si on Charges for Exanpl e #1 ) Shel |

: ME #1 ME. #2 D.l. water
1§0.0 ¢ 140.0 ¢ Anphoteric (42 wt% in water) 10.1 ¢ 5.0 9
Shr f act ant Met hyl Met hacryl ate (MVR) 255.0 ¢ 127.5 g But ylI

< - 7 Styrene (STY)
b5 g D%Q)@Pﬁ?%‘? g% ;; ﬁ?—l Chaggeg forﬁ:’_%an?a!gs#% g ( DVAEMA)

d cycl opent enyl oxyet hyl nethacryl ate 21.2 ¢ Cct anet hi ol
A.3 g COfﬂé‘d-CaQQI%st #1 Cof eed Catal yst #2

pni um persul fate 2.38 M.E. #1 oME. #2

D.I water 140.0 g 140.0g

Amphoteric (42 wt% in water) 101g 50g
Surfactant

Methyl Methacrylate (MMA) 255.0g 1275g

Butyl Acrylate (BA) . 297.5g

Styrene (STY) . 425¢g —-

Dimethylaminoethy! methacrylate 106.3 g —
(DMAEMA) _

dicyclopentenyloxyethyl
methacrylate 212¢g —

Octanethiol 213g ——

Cofeed Catalyst #1 Cofeed Catalyst #2

Ammonium persulfate 238g 085g

D.I. water ' 100.0g 800g
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. water 100.0 g 80.0 g

Exanple 2 Usi ng the above procedure, a simlar sanple was prepared
ing 382.5 g of BA and 42.5 g of MMA in the ME #12. The final product
a solids of 42.1% and a Brookfield viscosity of 82 cps at pH 4. 8.
itional variations of the above experinment were prepared with the
| om ng conpositions: Exanple 3 = Stage 1 nononer ratio (W% 70
25 DMA 5 DCPA* Stage 1 chain
ansfer ag&xample2g o4 oct anet hiol (on
noner) Stage 2 nononer ratio (wt% 60 BA/30 MM/ 10 Sty Stage 2 chain

—oa -~

t§y ansfer agent 1 W % n-dodecanet hi ol Final product solids
3¥. 2% Fi nal product pH 5.0 Final- product Brookfield visc.
189 cps Using the above procedure, a similar sample was prepared using 382.5 g

of BA and 42.5 g of MMA in the M.E. #12. The final product had a

solids of 42.1% and a Brookfield viscosity of 82 cps at pH 4.8.

Additional variations of the above experiment were prepared with the

following compositions:

Example 3

Stage 1 monomer ratio (wt%) 70 MMA/25 DMAEMA/5
DCPA*

Stage 1 chain transfer agent 8 wt% octanethiol (on
monomer)

Stage 2 monomer ratio (wt%) 60 BA/30 MMA/10 Sty

Stage 2 chain transfer agent 1 wt% n-dodecanethiol
Final product solids 37.2%

Final product pH 5.0

Final product Brookfield visc. 149 cps

*DCPA is Dicyclopentenylacrylate
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A is Dicycl opentenyl acryl ate 35°
‘anple 4 Stage 1 nononer ratio (W% 70 MV 25 DMAEMA/ 5 -
A* Stage 1 chain transfer agent 8 W % oct anet hiol (on

)noner) Stage 2 nononer ratio (w% 65 BA/35 Sty Final product solids
36.5% Final product pH 4.9 Final product Brookfield
vijsc. 143 cps Appl i cations Exanpl es using Latexes prepared by Mthod |
Alcl ear overprint varnish utilizing | atex prepared by Method | was
eYal uat ed fBxampleii - resi stance agai nst known | atexes, such as those
d¢scribed in US-A-4876313. The tést is designed to evaluate the detergent
r¢si st ance Sfagerk neorbmerratio(wtp) i n70 MviA £26 DMABMArgent Sol uti on
Pjeparation: Heat 100 ml of tap water to DEIR&Yr]F to 140[err]F. Dissolve
in the 100 m one |evel teaspoon of soap powder. :

Stage 1 chain transfer agent 8 wt% octanethiol (on
monomer)

Stage 2 monomer ratio (wt%) 65 BA/35 Sty

Final product solids 36.5%
Final product pH 49
Final product Brookfield visc. 143 cps

Applications Examples using Latexes 'pregared by Method 1

A clear overpriht varnish utilizing latex prepared by Method I was
evaluated for alkali-resistance against known latexes, such as those
described in US-A-4876313. The test is designed to evaluate the

detergent resistance of ink and clear overprint varnish.

Detergent Solution Preparation:
Heat 100 ml of tap water to 120°F to 140°F.

Dissolve in the 100 ml one level teaspoon of soap powder.
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6 Test Preparation: 1) Cut a 6.35 cm (2 1/2) square of printed
terial 2) Cut a 7.62 cm (3") by 15.24 cm (6") piece of nuslin (thin

otton - sheet) 3) Cut a piece of blotter paper (approx. 10.2 cm
4") by 10.2 cm (4")) must be | arger than the test stack. 4)
tain a 6.35 cm (2 1/2") by 6.35 cm (2 1/2") by 0.953 cm (3/8") :
ainless steel netal plate. This plate nust have a wei ght of 340. 2
(12 oz.). The weight can be adjusted to give this bl ocking wei ght .
st: A mééi—P&:%%%‘lution. B) Place the folded nuslin over the blotter
per and pour 10 cc's of the hot soap over the nuslin. C) Pl ace
the print fdde Gawra @35 cme(2bf2)gqaiareof pripfedomaterishe steel plate over the
int and allow the stack to sit for 30 mnutes. Rating: 1) Renobve
1e pl ate arg) i @apaec?.62lem (3") by 1524ndmne (6") Dieddoofmiustinf (thim ¢otton nk is to be
ssed to the nuslin.

sheet)
3) Cut a piece of blotter paper (approx. 10.2 cm (4") by 10.2 cm (4"))

must be larger than the test stack.

4) Obtaina 6.35 cm (21/2") by 6.35 cm (2 1/2") by 0.953 cm (3/8")
stainless steel metal plate. This plate must have a weight of
340.2 g (12 0z.). The weight can be adjusted to give this blocking
weight.

Test:

A) Heat soap solution.

B) Place the folded muslin over the blotter paper and pour
10 cc's of the hot soap over the muslin.

C) Place the print face down on the wet muslin.

D) Place the steel plate over the print and allow the stack to sit for
30 minutes.

1) Remove the plate and inspect the print sample.

2) No color from the ink is to be passed to the muslin.

3) The print is to have no visible damage (blot with a tissue).
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The print is to have no visible danage (blot with a tissue).
7 Cl ear overprint varnish detergent test results: Filmfroma | atex
‘Brepared by Method | ...... ... ... .. ... ... ... ... ... trace damage only

FImfroman anionic core-shell latex prepared as described in Exanple 6 of
S A-4876313 ... totally dissolved Filmfrom
sMonventional non core-shell latex .......... ... ... ... ... .......

Aartially dissolved/ substanti al
“damage Exarrpl es prepared, by I\/Et hod |1 anple 5 A stirred reactor
Mont ai ni ng&ASAT QVEIPIL; Va ishydet watEawd 7.1 g of nonionic

Aur fact ant (Trlton X-405 70% was heat ed to 85[err]C under a nitrogen
3 tnosphereFxliihﬁrmmadheaxgp'e@[are'd Byg of nononmer enulsion No. 21 (ME #21,

#Ahown bel owMethod Iadded..1a..Lhe.r.eact.ar..wi.Lh..atrfle glaniage onlyt er rinse,
ol l owed by 0.375 g of ammoni um persul fate dissolved in 20 g D.I. water.

A ter 10 MWl Sromidif ahfortE REFCsIE MiEx #21 was added to the reactor over
460 m nu"f)%ﬁ%"ﬁ&kﬂb@&'lﬂ@hﬂiﬂ@ the reactor tenperature at 85[err]C
6 Of US-A~4876313......ccreverrmrreeinrnnnnnninisssssinesnaesnns totally dissolved
Film from conventional non core-shell

JAEEX..cureerermensitnicnnie et s s ne partially dissolved/
‘ substantial damage

Examples pi‘epared by Method II

Example 5

A stirred reactor containing 440 g of deionized (D.1.) water and 7.1 g of
nonionic surfactant (Triton X-405, 70%) was heated to 85°C under a
nitrogen atmosphere. Then a charge of 7.6 g of monomer emulsion
No. 21 (M.E. #21, shown below) were added to the reactor witha 10 g
D.I. water rinse, folléwed by 0.375 g of ammonium persulfate dissolved
in 20 g D.I. water. After 10 minutes, the remainder of M.E. #21 was
added to the reactor over a 60 minute period while maintaining the

reactor temperature at 85°C.
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28 A 10 g D.1. water rinse was used to flush the ME. feedline to the
geactor upon conpletion of the feed. After holding the batch for 30
inutes at 85[err]C, a charge of 4 g aqua ammoni a (28% was added to
feutralize the first stage enul sion polyner core. M E. #22 and the

gt age 2 cofeed catal yst solution (shown below) were then fed to the
Jeactor over a 60 mnute period with the batch tenperature naintained at
5[err] C. Upopn. c | etion,of the feeds, the line was rinsed to the
{eact or wi tf% 5!9)835%. W?“Vdf’éﬁe,wéﬁbls?‘ﬁ@ @é‘ﬁgﬁhemé:%d fee qQ the WAkt es.

he reactor was cooled to 65[err]C, solutions of 0.15g w.% ferrous sulfate
ept ahydr at Bpop| cempletiop o thetfeedit Wfternoldiing she cb@tqlvgm) 3Q mipotes o, | .

ter, and 0.25 g sodium sul foxyl ate formal dehyde in 20 g D.1. water were
dded to th85%gtd tlargélnf dophqha waambnid (28%)owas added tédTetitralizecthd
eutralized wwth a charge of 11.9 g glacial acetic acid. The fi nal

roduct hadfigstsggigggnﬁﬂgbﬁrﬁolyfneggoﬁg@ and a Brookfield viscosity of 11 cps
at pH 5. 2.

M.E. #22 and the stage 2 cofeed catalyst solution (shown below) were
then fed to the reactor over a 60 minute period with the batch

_.4' temperature maintained at 85°C. Upon completion of the feeds, the

M.E. line was rinsed to the reactor with 10 g D.I. water, and the batch

held at 85°C for 30 minutes.

The reactor was cooled to 65°C, solutions of 0.15g wt.% ferrous sulfate
heptahydrate solution, 0.5 g t-butyl hydroperoxide (70%) in 20 g D.L

water, and 0.25 g sodium sulfoxylate formaldehyde in 20 g D.I. water

were added to the kettle. The batch was further cooled to 45°C and o

neutralized with a charge of 11.9 g glacial acetic acid.

The final product had a solids content of 29.5% and a Brookfield

viscosity of 11 cps at pH 5.2.
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¢ | Mononer  Enul si on and Cof eed Catal yst Charges for Exanple #5

cPpre Shel | M E. #21 ME. #22

Dy 1. water 24.2 ¢ 24.2 g Triton X-405 (70 wt %

316 g 7.1 g Butyl Acrylate 85.0 ¢ --  Met hyl

t hacryl ate 37.5 g - 87.5 g Mthacrylic Acid 2.5 ¢
Y- Styrene 6.2 g DMAEMA *

; 31.2 g n-Dodecyl nmercapt an 7.5 ¢
f age 2 Cofeed Catal yst Anmoni um persul fate 0.375 g D.I. Water
Do *di met hyl am noet hyl net hdcryl ate Applications Exanpl es using

E it exes pr epMditbrivr Beidieibrl And Tisfeb@Ctaly36 Chak el AroEkathple #5 edi sper sed
plgnent (bl umm\%ﬂ%ﬁeﬂ_%a_pﬁ substrat e,
djied briefly wth a heat gun, and teglgd one h§H£lll ater. The | atex was
copnpar ed - R
M.E. #21 M.E. #22

D.I. water 242¢g 24.2¢g
+ Triton X-405 (70 wt%) 36g 71g

Butyl Acrylate 850g -
’ -Methyl Methacrylate 375¢g 875¢g

Methacrylic Acid 25g T e
{ Styrene - 62g

DMAEMA * - 312g

n-Dodecylmercaptan - 758

Stage 2 Cofeed Catalyst

Ammonium persulfate 0375¢g

D.I. Water 50 g i
| *dimethylaminoethylmethacrylate

Applications Examples using Latexes prepared by Method II

The latex was formulated with predispersed pigment (blue and
yellow), drawn down over a clay-coated paper substrate, dried briefly

with a heat gun, and tested one hour later. The latex was compared
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4 wi th Joncryl 537 (Joncryl is a trade mark of S.C. Johnson) which is a
cyrrently used aqueous ink resin for alkali-resistant applications.

Tdsts with water, 0.5% ammoni um hydroxi de, line |ubricants and detergent
ali{l showed the | atex prepared by Method Il to have better resistance than
tI?e Joncryl 537. Exanpl es prepared by Method 111 Exanpl e 6 A
stfirred reactor containing 600 g of deionized (D.1.) water and 7.2 g of
anphoteric surfactant (Abex 1404) was heated to 55C under a nitrogen
at.nospher e. Twith, Joactyldi37 Joncrylis 2 &irslesmark 0§ Gnighasenbwhictoisd " wt o,
ferrous sul fate heptahydrate sol ution were added to the reactor. A charge
off 100 g of nanverily esad Aqueotds ink TegiM for alRdli-resistant pplicationss added to
the reactor followed by 1.5 g of ammoni um persulfate dissolved in 30 g of
Dijl. water. After 5 mnutes, the remainder of ME  #31 was added to the
rgactor over a one hour period while maintaining the reactor tenperature

at) 55[err] C. Al d Rayg ‘%g%e{‘f: d&%?:egxgtgr‘fc?@gﬁ%y&fa&id@?%ne(lﬁlﬁmngeéﬁa") was added

tq the reactor over a

detergent all showed the latex prepared by Method II to have better

resistance than the Joncryl 537.

’ Examples prepared by Method III

Example 6

A stirred reactor containing 600 g of deionized (D.I.) water and 7.2 g of
amphoteric surfactant (Abex 1404) was heated to 55°C under a nitrogen
atmosphere. Then, 6 g of 1 wt% Versene solution and 6 g of a 0.15 wt%
ferrous sulfate heptahydrate solution were added to the reactor. A

d charge of 100 g of monomer emulsion No. 31 (M.E. #31, shown below)

was added to the reactor followed by 1.5 g of ammonium persulfate

dissolved in 30 g of D.I. water. After 5 minutes, the remainder of M.E.
#31 was added to the reactor over a one hour period while maintaining
the reactor temperature at 55°C. At the same time, cofeed catalyst #31

(shown below) was added to the reactor over a 90 minute period.
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‘41 A 40 g DI. water rinse was used to flush the ME. feed line to the -
eactor upon conpletion of the feed. Fifteen mnutes after conpletion of-
he ME. feed, a solution of 0.6 g sodium sul foxylate fornal dehyde in 10 g
.l .water was added to the reactor. After holding the batch at 55[err]C for
n additional 15 mnutes, 126 g of glacial acetic acid was added to
olubilize the stage 1 polyner. The tenperature of the batch was then
#ncreased to 85[err]C, and a catal yst charge of 1.5 g anmoni um persul fate
In 50 g D.I. g D haater rinsetweas wsest tor flush the M.E¢8eed ine dojtheweactdren fed.

o the reactor over one hour (followed by a rinse with 40 g D.1. water),
oget her wi t hponfeeatpletibalofsthe#fad ( (Riftear) miwhites) aftes coesidtion st tA@ MM nut es
th the reactor maintained a 85[err]C. Upon conpletion of the cofeed, the

atch was copfpof { Bn salfoRylat@fodn ey e igrpgus sul fate
ept ahydr at gmsgl uételaoﬁ%ﬁmci& §@L§J§¢&5 yé‘?%%’g% oﬁ?qu? el“(srl nllo ?] D.I.

et 28 o e W O R R L,
LAy PP TR I R

solubilize the stage 1 polymer. The temperature of the batch was then

increased to 85°C, and a catalyst charge of 1.5 g ammonium persulfate

.’ in 50 g D.I. water added to the reactor.

M.E. #32 (below) was then fed to the reactér over one hour (followed by
a rinse with 40 g D.I. water), together with cofeed catalyst #32 (below)
thch was added over 90 minutes with the reactor maintained a 85°¢.
Upon completion of the cofeed, the batch waé cooled to 55°C, solutions
of 5 g of 0.15 wt% ferrous sulfate heptahydrate solution, 1.0 g t-butyl
hydroperoxide (70%) in 10 g D.I. water, and 0.5 g sodium sulfoxylate

4 formaldehyde in 10 g D.I. water were added to the kettle. The batch was

then cooled to ambient temperature and filtered.

The final pfoduct had a solids content of 37.9% and a Brookfield

viscosity of 920 cps at pH 5.1.
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Mononmer Enul si on and Cof eed Catal yst Charges for Exanple #6

. #31 ME/ #32 D.l. water _ 240.0 ¢

¥0.0 g Anphoteric (42 wt%in water) 14.3 ¢ 7.2 ¢

W factant Methyl Methacrylate 300.0 ¢ 210.0 g

¥yl Acrylate : 390.0 ¢

et hyl am noet hyl net hacryl ate 300.0 g n-Dodecyl nercaptan (nDDV)

£ 0 ¢ _ Cof eed Catal yst #31  Cof eed
¥ al yst #32Monemer Emuls - lyst Chazges for E le#63.0g D.I.

it er 140 0 g 140.0 ¢ Example 7 The process

. Exanple 6 was followed with 300 g of di eiMiB.&31no- et IMIE.mihacryl ate

bace of theDIDiMtet n addition, wat er was Q@@g\%ed to i ncrgpgg the solids.
‘e product had a solids of 44.5%and a Brookfield of 1132 cps at pH 5.2.

3 Amphoteric (42 wt% in water) 143¢g 72¢g

Surfactant

Methyl Methacrylate 3000 g 2100 g
4 Butyl Acrylate — 390.0¢g

Dimethylaminoethyl methacrylate 300.0 g -

n-Dodecylmercaptan (nDDM) ' 36.0g —

Cofeed Cg@yst #31 _ Cofeed Catalyst #32

Ammonium persulfate 30g 30g
D.I. water 1400 g 1400 g
Example 7

The process of Example 6 was followed with 300 g of diethylamino-
' _ ethyl methacrylate (DEAEMA) used in place of the DMAEMA, and 16.8

g of octylmercaptan used in place of the nDDM. In addition, water was

removed to increase the solids.

The product had a solids of 44.5% and a Brookfield of 1132 cps at pH

5.2.
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43 Exanple 8 The process of Exanple 6 was foll owed, at slightly higher
solids wwth 300 g of isobutyl nethacrylate used in place of the MVA, 16.8
g of octylnercaptan in place of the nDDM and 600 g styrene as the sole

in the ME #32. The product had a solids of 40.1% and a
Brookfield viscosity of 334 cps at pH 4.9. Exanple 9 The process of
EFxanple 7 was followed, wwth an ME #31 nononer ratio of 50 MVA/ 50 DVAENA
and an M E. #2 nononer ratio of 45 BA/55 MVA The product had a solids
pof 45.7 and BxaBpleld i el d viscosity of 746 cps at pH 5. 1. Exanpl e 10

The process of Exanple 9 was fotlowed wth an ME #32 nononer ratio of 65

BA/ 32 MW 3 TN proces¥ GRExample6 vmefd@rowbﬂ; tat BHgh8ydtighessolids, 44itR% and a
Br ookfield viscosity of 808 cps at pH 5

300 g of isobutyl methacrylate used in place of the MMA, 16.8 g of
octylmercaptan in place of the nDDM, and 600 g styrene as the sole

monomer in the M.E. #32.

The product had a solids of 40.1% and a Brookfield viscosity of 334 cps
at pH 4.9.

Example 9

The process of Example 7 was followed, with an M.E. #31 monomer
ratio of 50 MMA /50 DMAEMA and an M.E. #2 monomer ratio of 45

BA/55 MMA.

The product had a solids of 45.7 and a Brookfield viscosity of 746 cps at

pHS5.1.

Example 10

‘The process of Example 9 was followed with an M.E. #32 monomer

ratio of 65 BA/32 MMA /3 Allyl methacrylate. The product had a solids

of 44.9% and a Brookfield viscosity of 808 cps at pH 5.1.
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A4 Exanpl e 11 The process of Exanple 7 was followed wth an ME #1
“ononer ratio of 780 MVA/ 25 DMAEMA/ 5 DCPA (dicycl opentenyl acrylate) using
Y4 w%octyl nmercaptan (on nmononer), and an M E. #32 nononer ratio of 60
BA/ 40 MVA using 0.5 wt % nDDM (on nononer) . The product had a solids of
[22. 9% and a Brookfield viscosity of 103 cps at pH 5.0. Exanpl e 12

The process of Exanple 7 was followed with an ME. #31 nononer ratio of 60
MVA/ 10 Styrene/ 25 DMAEMA/ 5 DCPA using 5 wt % octyl nercaptan, and an ME.

#32 nononmer ratio of 90 BA/10 MVA using 1.0 w % nDDM The product had a
solids of 43.1% and a Brookfield viscosity of 45 cps at pH 4.8
Example 11

The process of Example 7 was followed with an M.E. #1 monomer ratio
of 780 MMA /25 DMAEMA /5 DCPA (dicyclopentenyl acrylate) using 4
wt% octylmercaptan (on monomer), and an M.E. #32 monomer ratio

of 60 BA/40 MMA using 0.5 wt% nDDM (on monomer).

The product had a solids of 42.9% and a Brookfield viscosity of 103 cps

at pH 5.0.

Example 12

The process of Example 7 was followed with an M.E. #31 monomer

ratio of 60 MMA /10 Styrene/25 DMAEMA/5 DCPA using 5 wt% o
octylmercaptan, and an M.E. #32 monomer ratio of 90 BA/10 MMA

using 1.0 wt% nDDM.

The product had a solids of 43.1% and a Brookfield viséosity of 45 cps at

pH4.8.
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45 The Exanpl es denonstrate that the core-shell polymers of the present
gnvention, when conpared to prior art blends and early generation
iore-shell polymers, are alkali resistant and capable of use in high pH
gnvironnments. Al kali-resistance refers to the fact that the printed
ubstrates, protected by the core-shell polynmers of the present invention,
re not danaged by al kali ne detergents. The Exanpl es further
enonstrate that the core-shell polynmers of the present invention are
4t abl e in i nThéExamples demortedte| thay te eore-shiedt polyieeraldfahie-presest ant
olymers of this invention when'used to prepare ink did not cause the
ormati on of jrixadién, Wién 8binparéd toVpifor i ends 8Rd fdagBngehdrationni Nng Wi th
i me. As an overprintcoating, the application of the alkali-resistant,
ore- shell e trol | i & o iy ed
:Ebst Cate fF@‘rllﬁ t aﬁ?l&fénéarg,e%r{}g Qiﬁﬂ rekﬂl’a‘?ﬂ%‘nﬁ”ca?fa%ﬁ@ﬁf fife i RigH PHI
Al M5
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environments. Alkali-resistance refers to the fact that the printed
substrates, protected by the core-shell polymers of the present

invention, were not damaged by alkaline detergents.

$ The Examples further demonstrate that the core-shell polymers of the
present invention are stable in ink formulations. Stability means that
the alkali-resistant polymers of this invention when used to prepare
ink did not cause the formation of coagulum or grit, nor was there

significant thickening with time.

As an overprintcoating, the application of the alkali-resistant, core-
shell polymers of the present invention protected the printed substrate

‘- from alkaline agents.

45

This Sheet Has Been Repla

[T



D

S An al kali-resistant core-shell polynmer having an acid-insol uble
“c@ol ymer core and an aci d-sol ubl e or quaterni zabl e pol yner shell, wherein
M he core and the shell are substantially physically associated and/or
@ubstantially coval ently bonded together, and wherein the shell and the

More are prepared sequentially by enulsion polynerization. 2. The
«4@ol ymer of claim1l wherein the ratio of the core to the shell is about
“$5:15 to ab 1.5,.85. 3. The polyner of claim1 or claim2 wherein the

fore has an e nol ecul ar wei ght of greater than about 8,000 and the
ghel |l has ht of, ahout 5,000, to out

4 a wei ght average nol écul ar i 1

100, 000, as 1-det eftRialkaligsigiant ysef%rgh?l' qum haAgEAThe<! '1“52!“%93 The
pol ymer of any one of the preceding clains wherein the shell is

ol yneri zed galymen core andearoacidesedublesohguategnizebte polyonershelb, or

quat ernary, or quaternizable functionality conprising about 10 to about
§0% by wei ghihefeih ftRe ¢bfd And the shell are substantially physically associated 47 5.
The pol yner of any one of the preceding clainms wherein the

and/or substantially covalently bonded together, and wherein the

shell and the core are prepared sequentially by emulsion

polymerization.

2. The polymer of claim 1 wherein the ratio of the core to the shell

is about 85:15 to about 15:85.

3. The polymer of claim 1 or claim 2 wherein the core has an
average molecular weight of greater than about 8,000 and the shell has
a weight average molecular weight of about 5,000 to about 100,000, as

determined by gel permeation chromatography. t

4. The polymer of any one of the preceding claims wherein the
shell is polymerized from a mixture of monomers having acid-
ionizable, or quaternary, or quaternizable functionality comprising

about 10 to about 60% by weight of the shell.
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gore and the shell are substantially chemcally grafted together using orne
r nmore pol yfunctional conpounds selected from (a) polyfunctional :
onpounds having two or nore sites of unsaturation; (b) reactive chain
ransfer agents having two or nore abstractable atons; and (c) hybrid

Ppol yfunctional conpounds having one or nore abstractable atoms and one or
frore sites of unsaturation. 6. The polyner of claim5 wherein a

ol yfunctional c ound is _present i ng the. emul si on pol | zat i on of
{he shel | forl owe %?09)6?}9' QFBHy&S‘Ie the eFSﬁ‘ nglabrpgf"fﬁ?@yrg?ﬁ% he core to
{he shell. 7. The polyner of claim5 wherein ol yfyncti gnal conpound
s present aoueiang thecshelh are; wsmtmrmeamcaﬂygsra?wg logeteriiingwed by
eutralizing and solubilizing the polynmer with an acid or by

l;uat er ni zat igre 6phanecpolyfurctidrsl compdymds selaciednframt @ afting of the
tore to the shell. 8. The polyner of claim5 wherein a pol yfunctional
forpound i s pglyAsedtiornHl 'doRgpdiied £ RV Higotwd WryitRire Zites wf wisativeatiom; e

fjol Il owed by ~ efrul si on polynerization and grafting of the shell to the core.
48 (b) reactive chain transfer agents having two or more abstractable

-
e
A

atoms; and (c) hybrid polyfunctional compounds having one or more

abstractable atoms and one or more sites of unsaturation.
6. The polymer of claim 5 wherein a polyfunctional compound is
present during the emulsion polymerization of the shell followed by

emulsion polymerization and grafting of the core to the shell.

7. The polymer of claim 5 wherein a polyfunctional compound is

present during the emulsion polymerization of the shell followed by
neutralizing and solubilizing the polymer with an acid or by
9 quaternization followed by emulsion polymerization and grafting of

the core to the shell.

8. The polymer of claim 5 wherein a polyfunctional compound is

present during the emulsion polymerization of the core followed by

emulsion polymerization and grafting of the shell to the core.
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D.

The pol yner of claim5 wherein a pol yfunctional conpound is added
fter emul sion polynerization of said core, allowed to soak into the core
nd then polynerized, followed by erul sion polynerization and grafting of
he shell to the core. 10. The polyner of any one of clains 6 to 9

\Wherein the polyfunctional conpound is present at a |level of about 2 to

bout 30% by weight of the shell or about 0.1 to about 30% by wei ght of
he core. 11. The polyner of claim5 wherein the core and the shell
ave been substantially chemcally grafted together utilizing an al kenyl

rer capt oal kyl at e | ected from cycl oal kyenyl mer captopropi onates,
Eycl oal kyenyP' meriﬁ ‘8??1
Ter capt oacet ate wherein said al kenyl nercaptoal kylate is present during

siRplyEer fsClaiip i Whergincs polyfuastional eompeund;ist v |

he emul si ona@gded méter emulsioropolymerpation of saidocusd, sljowedutiossoak into

ol ymeri zation and grafting of the core to the shell. 12. The pol yner

f claim 1lthdheore and hker|potywerizeds fallonadd Pyadraiulsion PolgaidriAation | evel of
rom about 2 to about 30% by wei ght of the shell.

9 13. Thgna@riffiig 6f ti¥héll'® e &r3i ™ 1 t0 12 wherein the core-shell

10.  The polymer of any one of claims 6 to 9 wherein the
polyfunctional compound is present at a level of about 2 to about 30%

by weight of the shell or about 0.1 to about 30% by weight of the core.

11.  The polymer of claim 5 wherein the core and the shell have

been substantially chemically grafted together utilizing an alkenyl
mercaptoalkylate selected from cycloalkyenyl mercaptopropionates,
cycloalkyenyl mercaptoacetates, crotyl mercaptopropionate, and crotyl
mercaptoacetate wherein said alkenyl mercaptoalkylate is present o
during the emulsion polymerization of the shell, followed by

emulsion polymerization and grafting of the core to the shell.

12.  The polymer of claim 11 wherein the alkenyl mercaptoalkylate

is present at a level of from about 2 to about 30% by weight of the shell.
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pol ymer

1 to 13.

has been neutralized by an acid or has been quaternized by a

guat erni zi ng agent. 14. Use of the polynmer of any one of clains 1 to 13
in a clear overprint varnish or an ink conposition. 15. A process for
emul si on pol ynerization conprising using the core-shell polyner of any one:
of clains 1 to 13 as a seed. 16. A process for preparing an

al kali-resistant core-shell polyner having an acid-insol uble polynmer core
and an aci d-sol ub

|l e or . quaterni zabl e_pol, r shell, wherein th ore and
the shel |l arb SUEEFMIY&‘*FP?@WS?%W§%ﬁc?°a?€d"%‘ﬁ8”bgh%ﬁ?}'§f i ally
coval ently bonded together, conprising preparing sequentially by enulsion
pol ynmeri zat i pelymer has beemneutralizedbby an acid pr has pegpspuasernizedbpliang t o
claim 16 wherein the polyner is a polynmer as defined in any one of clains

quaternizing agent.

14.  Use of the polymer of any one of claims 1 to 13 in a clear

overprint varnish or an ink composition.

15. A process for emulsion polymerization comprising using the

core-shell polymer of any one of claims 1 to 13 as a seed.

16. A process for preparing an alkali-resistant core-shell polymer

having an acid-insoluble polymer core and an acid-soluble or

quaternizable polymer shell, wherein the core and the shell are

substantially physically associated and/or sﬁbstantially covalently

bonded together, comprising preparing sequentially by emulsion s

polymerization the core and the shell.

17. A process according to claim 16 wherein the polymer is a

polymer as defined in any one of claims 1 to 13.
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