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PATENT REQUEST : STANDARD PATENT
I/We being the person(s) identified below as the Applicant(s), request the grant of a

patent to the person(s) identified below as the Nominated Person(s), for an invention
described in the accompanying standard complete specification.

Full application details follow:
[71/70] Applicant(s)/Nominated Person(s):
Rohm and Haas Company

of

Independence Mall West, Philadelphia, Pennsylvania, 19105, United States of
America

[54] Invention Title:
Alkali-resistant core-shell polymers
[72] Name(s) of actual inventor(s):

Dennis Paul LORAH
Mark Stephen FRAZZA

[74] Address for service in Australia:

DAVIES & COLLISON, Patent Attorneys, 1 Little Collins Street, Melbourne,
Victoria, Australia. Attorney Code: DM

Basic Convention Application(s) Details:

[31] Application [33] Country Code [32] Date of
Number Application
587199 United States of America US 24 September 1990
DATED this NINETEENTH day »f SEPTEMBER 1991 o o S

' SR
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a member of the firm of
DAVIES & COLLISON

for and on behalf of

the applicant(s)
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AUSTRALIA
PATENTS ACT 1990
NOTICE OF ENTITLEMENT

We, Rohm and Haas Company, the applicant named in the accompanying
Patent Request state the following:-

The Nominated Person is entitled to the grant of the patent
because the Nominated Person derives title to the invention from

the inventors.

The Nominated Person is entitled to claim priority from the basic
application listed on the patent request because the Nominated
Person is the assignee of the applicants in respect of the basic
application, and because that application was the first application

made in a Convention country in respect of the invention.

DATED this NINETEENTH day of SEPTEMBER 1991 s J
ﬂ /’ / - ;n ¥
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N el :,(*;';, \L/\C‘

a member of the firm of
DAVIES & COLLISON
for and on behalf of

the applicant(s)

(D&C ref: 1432620)
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(12) PATENT ARRIDGMENT  (11) pocument No. AU-B-84603/91
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 656535

(54)

(51)3

(21)
(30)
(31)

(43)
(44)
)]

(72)
(74)

(56)

Title
ALKALI-RESISTANT CORE-SHELL POLYMERS

International Patent Classification(s)

CO8F 265/06 CO8F 257/02 C08J 007/04 C09D 005/00
cogb o11/10 cosD 151/08

Application No. : 84603/91
Priority Data

Number (32) Date (33) Country
587199 24.09.90 US UNITED STATES OF AMERICA

Publication Date : 26.03.92

(22) Application Date : 19.09.91

Publication Date of Accepted Application : 09.02.95

Applicant(s)
ROHM AND HAAS COMPANY

Inventor(s)
DENNIS PAUL LORAH; MARK STEPHEN FRAZZA

Attorney or Agent
DAVIES COL.LISON CAVE , 1 Little Collins Street, MELBOURNE ViC 3000

Prior Art Documents

AU 18693/92 CO8F 265/00 265/02 265/04
AU 88804/91 CO8F 265/00 265/02 265/04
AU 18691/88 CO8F 265/00 265/02 265/04

Claim

1. 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.
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AUSTRALIA
PATENTS ACT 1990
COMPLETE SPECIFICATION

NAME OF APPLICANT(S):

Rohm and Haas Company

ADDRESS FOR SERVICE:
DAVIES & COLLISON

Patent Attorneys
1 Little Collins Street, Melbourne, 3000.

INVENTION TITLE:

Alkali-resistant core-shell polymers

The following statement is a full description of this invention, including the best method

of performing it known to me/us:-
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The present invention relates to alkali-resistant core-shell polymers,

in particular alkali-resistant core-shell emulsion polymers. More

particulary, the present invention relates to improved core-shell

polymers having an acid-insoluble, emulsion polymer core and an acid-

soluble or quaternizable emulsion polymer shell, wherein the core and

the shell are substantially physically associated and/ocr substantially

covalently bonded together.

Mixtures and blends of soluble resins with insoluble emulsion

polymers are known in the art. These mixtuers and blends are

generally used as binders in ink formulations and as overprint coatings

to protect printed substrates. Generally, the soluble resins were

prepared by solution polymerization, such as described in US-A-

3,037,952.

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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However, although the "one-pot" technique of first generation core-
shell polymers made significant improvements over the prior art, the
instability of the first generation core-shell polymers to formulation
additives, such as isopropyl alcohol, continued to be a problem for

many ink suppliers.

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 resolved.

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 cornpositions
must be resistant to high pH environments so that they can be applied
as a clear overprint coating to protect the printed substfate 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 are

adequately resistant to alkaline environments.
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Currently, alkali-resistance is required for cereal boxes, detergent boxes,
bar-soap wrappers and the like; and more generally, in applications
using conveyor belts or production lines that are lubricated with

high pH "line lubricants." For example, alkali-resistance is necessary in
order to protect labels on beverage bottles having printed substrates or
provide the same protection for the printed label as a clear overprint
coating. Therefore, resistance to high pH environments 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 alk-li-resistance, the majority of alkali-
resistant resins are solvern. vuased, nonionic types such as, for example,
vinyl chloride, vinylidene dichloride and nitrocellulose polymers.
These non-ionic, alkali-resistant resins are generally prepared by s
solution polymerization such as described in US-A-3037952. However,

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

working conditions due to the flammable and toxic nature of the

solvent.




It is therefore desirable to eliminate environmental concerns of
solvent-based polymers, as well as overcome the problem of
resolubilization of earlier generation core-shell polymers in high pH

environments.

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,

— - 3 £y - — . i B2




dimethyl aminopropyl (meth) acrylamide, oxazolidinylethyl
(meth)acrylate, vinylbenzylamines, vinylphenylamines, 2-
vinylpyridines or 4-vinylpyridines, p-aminostyrenes, substituted
diallylamines, vinylpiperidines, vinylimidizoles, 2-morpholino-ethyl
(meth)acrylate, acrylamide, methacrylamide, N-substituted
(meth)acrylamides, methacrylamidopropyl 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, vinyl chloride and other C; to Cy 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

tege aminopropyl (meth) acrylamide.
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Advantageously, the shell is polymerized from a mixture of
monomers having acid-ionizable, or quaternary, or quaternizable
functionality comprising about 10 to about 60%, preferably about 20 to

about 50%, by weight of the shell.

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 anhydride, acrylonitrile,

styrene, substituted styrene, vinyl acetate, vinyl chloride and other C;

to C1z 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 compound may be present during
the emulsion polymerization of the shell followed by emulsion

polymerization and gra. .g of the core to the shell.

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

st aspects has at least two sites of unsaturation of unequal reactivity and is
S present at a level of from about 2 to about 30%, more preferably about 3
e to about 10%, by weight of the shell. -
‘ j
Preferably, the polyfunctional compound in the first and second aspects ‘
. is selected from the group consisting of methallyl-, crotyl-, and vinyl-
tegaoy {
< <
QSR esters of a "¢ 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- { )
|
‘ 7 :
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dimethallyl-, crotyl- and vinyl- amides of acrylic acid and methacrylic
acid; N- methallyl and crotyl- maleimide; cycloalkenyl esters of acrylic
acid, methacrylic acid, maleic acid (moio- and di-esters), fumaric acid
(mono- and di-esters), fumaric acid (mono- and di-esters), itaconic acid
(mono- and di-es‘ers); 1,3-butadiene; isoprene; para-methylstyrene;
chloromethylstyrene; methaliyl-, 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 cyclcalkenyl 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 compound in the third aspect has at least
two sites of unsaturation of unequal reactivity and is present at a level
of from abewt 0.1 to about 30%, more preferably about 1 to 10%, by

weight of the core.

Preferably, the polyfunctional compound in the third 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 :hioether; 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 aci.ls; diallyl phthalate; triallyl cyanurate; 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), fumgric (mono- and
di-esters), and itaconic (mono- and di-esters) acids; vinyl ethers and
thioethers cycloalkenols and cycloalkene thiols; vinyl esters of
cyclozlkene carboxylic acids; 1,3-butadiene, isoprene, anc} other

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




- methallyl-, vinyl-, and crotyl- mercaptan; cycloalkyenyl-, allyl-,
methallyl-, vinyl-, and crotyl- mercaptopropionates; cycloalkyenyl-,
allyl-, methallyl-, vinyl-, and crotylmercaptoacetates;
bromotrichloromethane; bromoform; carbon tetrachloride; and carbon

tetrabromide.

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 pelyfunctional 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 sheil 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 cornpound 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




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-, 0-allyl, aryl-, P-vinyl, P-allyl, P-crotyl-, and P-
methallyl-phosphonates; triallyl-, trimethallyl-, and tricrotyl-

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 of cycloalkenols and
cycloalkene thiols; vinyl esters of cycloalkene carboxylic acids; 1,3-

butadiene, isoprene, and other conjugated dienes; ethyleneglycol

:0::’5. dimeth-acrylate, diethyleneglycol dimethacrylate, triethyleneglycol
;o:: :‘ dimethacrylate, polyethylene glycol dimethacrylate, polypro-
. ::‘ pyleneglycol dimethacrylate, neopentylglycol dimethacrylate, 1,3-
el butyleneglycol diacrylate, neopentylglycol diacrylate, trimethylolethane
trimethacrylate, dipentaerythritol triacrylate, dipentaerythritol
. tetracrylate, dipentaerthritol pentaacrylate, 1,3-butylene glycol
DR dimethacrylate, tritnethylolpropane trimethacrylate, tr.imethylol
Cree propane triacrylate, tripropyleneglycol diacrylate, and divinyl benzene.

11
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In a fifth aspect, the core and the shell may be 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 during the emulsion
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, methanes::ifonic 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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According to a second aspect of the present invention, there is
provided the use of a polymer according to a first aspect of the present

invention in a clear overprint varnish or an ink composition.

According to a third aspect of the present invention, 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 inventiun,
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
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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applications requiring alkali-resistance such as, for example, metal
adhesion, fiber treatment, paper treatment, cathodic deposition
coatings, stain blocking, corrosion resistance and coagulants/

flocculants and the like.

The present invention therefore relates to novel, alkali-resistant, core-
shell emulsion polymers containing an acid-insoluble, emulsion
polymer core, and an acid-scluble, emulsion polymer shell,

wherein the core and the shell are substantially physically associated
and/or substantially covalently borided together. These polymers can
be used in various applications where resistance 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-ionizable, 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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The core-shell polymers of the present invention are such that upon
dissolving the shell with an acid or quaternizing compound, the core
and a portion of the shell continue to remain substantially physically
associated and/or substantially covalently bonded together. Itis
believed to be the cationic nature of the core-shell polymers of the
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-aﬁlines,
vinylpiperidines, vinylimidizoles, 2-morpholinoethyl kmeth)acrylate,
acrylamide, methacrylamide, N-substituted (meth)acrylamides,
methacrylamidopropy! trirnethyl ammonium chloride (MAPTACQC),

diallyl dimethyl ammonium chloride (DADMAC), 2-trimethyl

15



ammonium ethyl methacrylic chloride (TMAEMC), quaternary amine
salts of substituted (meth)acrylic and (meth)acrylamido monomers,

and the like.

Other monomers that may be copolymerized with the functional
monomers listed above include those 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, acrylonitrile, styrene,

substituted styrene, vinyl acetate, vinyl chloride, and other C; to Cy

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 acic}, 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.

16
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The core polymers may optionally also contain monomers having acid-
ionizable, or quaternary, or quaternizable functionality, selected from
the group consisting of dimethylaminoethyl (meth)acrylate,
diethylaminoethyl(meth)acrylate, tert-butylaminoethyl (meth)acrylate,
dimethylaminopropyl (meth)acrylamide, oxazolidinylethyl
(meth)acrylate, vinylbenzylamines, vinylphenylamines, 2-
vinylpyridines or 4-vinylpyridines, p-aminostyrenes,

substituted diallylamines, vinylpiperidines, vinylimidizoles, 2-
morpholinoethyl (meth)acrylate, acrylamide, methacrylamide, N-
substituted (meth)acrylamides, methacrylamidopropyl trimethyl
ammonium chloride (MAPTAC), diallyl dimethyl ammonium
chloride (DADMACQC), 2-trimethyl ammonium ethyl

methacrylic chloride (TMAEMC), quaternary amine salts of substituted

(meth)acrylic 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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Higher levels of monomers having acid-ionizable, or quaternary, or
quaternizable functionality are used in the shell polymer than in the
core polymer in order to induce acid solubility. Suitable levels of
monomers having acid-ionizable, or quaternary, or quaternizable
functionality for the shell polymer range from about 10 to about 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, mo: 2 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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The shell polymer may contain any chain-transfer agent or mixtures
thereof, to control molecular weight of the shell. Suitable chain
transfer agents include such as, for example, C; to Cy2 alkyl mercaptans,
or alkylmercaptoalkanoates or halogenated hydrocarbons at levels of

about 0.1 to about 10% by weight.

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 inciude 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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Based on equivalents of amine in the shell polymer, preferably about
0.8 to about 1.5 equivalents of acid are added to the pclymer
compositions to neutralize and to dissolve substantially the shell
polymer so as to form a blend of neutralized core-shell polymer and an
aqueous solution of neutralized shell polymer, wherein the core-shell

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

LA referenced as Method I - Method IV.

C Method I includes sequentially emulsion polymerizing a monomer

mixture containing at least one monomer having acid-ionizable, or

quaternary, or quaternizable functionality and, opticnally, a
polyfunctional compound to form the shell followed by a second
 Sees 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 be at the

csree hydrophilic polymer/water interface.

20 ‘
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The optional polyfunctional compound in Method I serves to
substantially covalently bind together a portion of the shell with the
core. Core-shell polymers prepared by Method I may be prepared with

or without polyfunctional compounds.

Method II includes sequentially emulsion polymerizing a monomer
mixture with optionally a monomer having acid-ionizable, or
quaternary, or quaternizable functionality and, optionally, 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

presence of the previously polymerized core.

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

without polyfunctional compounds.

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

functionality and, optionally, a polyfunctional compound under

21
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emulsion polymerization conditions to form a low molecular weight
hydrophilic shell polymer, neutralizing and solubilizing the polymer
Witﬁ an acid or by quaternization,.then polymerizing latex monomer
under emulsion polymerization conditions to form a hydrophobic core

polymer.

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 compound.

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.




Preferably, the core and shell components are substantially covalently
bonded together by carrying out the emulsion polymerization of either
the core or the shell in the presence of at least one polyfunctional
compound having (a) two or more sites of unsaturation, (b) reactive
chain transfer agents having two or more abstractable atoms, or (c)
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 croty!-esters of acrylic, methacrylic, maleic (mono- and di-
esters), fumaric (rnono- and di-esters) and itaconic (mono- and di-
esters) acids; allyl-, methallyl-, and crotyl-vinyl ether aﬁd thioether; N-
and N,N-di-allyl-, methallyl-, crotyl-, and vinyl- amides of acrylic and
methacrylic acids; N-allyl-, methallyl-, and crotyl- maleimide; vinyl

esters of 3-butenoic and 4-pentenoic acids; diallyl phthalate; triallyl
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cyanurate; 0-allyl-, methallyl- crotyl-, 0-alkyl-, aryl-, P-vinyl-, P-allyl-, P-
crotyl-, and P-methallyl-phosphonates; triallyl-, trimethallyl-, and
tricrotyl-phosphates; -O-vinyl-, 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 vinyl thioethers of cycloalkenols 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-, anc 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- antides of acryl?c acid and

methacrylic acid; N- methallyl and croty!l- maleimide; cycloalkenyl

24




Cee e

esters of acrylic acid, methacrylic acid, maleic acid (mono- and di-
esters), fumaric acid (mono- and di-esters), fumaric acid (mono- and di-
esters), itaconic acid (mono- and di-esters); 1,3-butadiene; isoprene; para-
methylstyrene; chloromethylstyrene; methallyl-, crotyl- and vinyl-
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 cycloalkenyl 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

25

s g o R et e e A T T e




N8 ng
e |

X LX)
o
Yway

o

coa

-
Asug
vad g
»
LLE X7
L
[
[N W'

Method I of the acid soluble shell core shell compositions disclosed

herein.

In Method I or Method 1], the polyfunctional compound(s) is(are)

preferably used at a level of about 2 to about 30% by weight of the shell

polymer, preferably about 3 to about 10%.

Preferred polyfunctional compounds for use in Method 1I 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-
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- phogphates;
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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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.

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

E ) a: ¢ acrylate or allyl methacrylate. The use of 1,3-butadiene
:ZOE: 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 IV are
. selected from the group consisting of allyl-, methallyl-, vinyl-, and

93:;: : crotyl-esters of acrylic, methacrylic, maleic (mono- and di-esters),

:‘ .o fumaric (mono- and di-esters), and itaconic (mono- and di-esters) acids;
o allyl- methallyl-, and crotyl-vinyl ether and thioether; N- and N,N-di-
joca0_ allyl-, crotyl-, methallyl-, and vinyl-amides of acrylic and
gecas 27




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-, 0-ailyl, aryl-, P-vinyl, P-allyl, P-
crotyl-, and P-methallyl-phosphonates; triallyl-, trimethallyl-, and
tricrotylphosphates; 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 of
cycloalkenols and cycloalkene thiols; vinyl esters of cycloalkene
carboxylic acids; and 1,3 butadiene, isoprene, 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 reactivity can be used such as, for
example, ethyleneglycol dimethacrylate, diethyleneglycol
dimethacrylate, triethyleneglycol dimethacry-late, polyethylene glycol
dimethacrylate, polypropyleneglycol dimethacrylate, neopentylglycol
dimethacrylate, 1,3-butylene-glycol diacrylate, neopenty‘lglycol
diacrylate, trimethylolethane trimethacrylate, dipentaerythritol
triacrylate, dipentaery hritol tetracrylate, dipentaerthritol pentaacrylate,

1,3-butylene glycol dimethacrylate, trimethylolpropane trimethacrylate,

28
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trimethylol propane triacrylate, tripropylene-glycol diacrylate, and

divinyl benzene.

The level of polyfunctional compound(s) useful in Method IV ranges
from about 5 to about 30%, expressed as weight percent of the core
polymer, preferably about 10 to about 20%. Monofunctional

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 1V 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 trimethacrylate,
dipentaerythritol triacrylate, dipentaerythritol tetracryllate,
dipentaerythritolpentaacrylate, 1,3-butylene glycol dimethacrylate,
trimethylolpropane trimethacrylate, trimethylol propane triacrylate,

tripropylene glycol diacrylate, and divinyl benzene and the.like.

29




09 oo
o o

oodo

Poco
ez e
o

0deo0

e oo

L]
° ce

°
®0d0

o o [

The alkali-resistant core-shell polymers of the present invention are
useful in various applications where exposure to high pH
environments is required. They are particularly useful when
neutralized and 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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Examples Prepared by Method I

Example 1

A stirred reactor containing 498 g of deionized (D.I.)
water and 5 g of amphoteric surfactant was heated 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
::;{ E below) were added to the reactor over an 80 minute period while
vt 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
PR upon completion of the feed. After holding the batch for 30 minutes at
e 60°C, a solution of 0.4 g sodium sulfoxylate formaldehy&e in20g D.L
Gt water was added to the reactor and the temperature increased to 85°C.
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M.E. #12 (shown below) and co-feed #12 (shown below) were then fed
to the reactor over a 60 minute period with the batch temperature

maintained at 85°C.

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.I.

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.

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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Monomer Emulsion Charges for Example #1

Shell
M.E. #1
D.I water 1400 g
Amphoteric (42 wt% in water) 101¢g
Surfactant
Methyl Methacrylate (MMA) 255.0g
Butyl Acrylate (BA) -
Styrene (STY) 425¢g

Dimethylaminoethyl methacrylate 106.3 g
(DMAEMA)

dicyclopentenyloxyethyl
methacrylate 212g

Octanethiol 213¢g

Core

M.E. #2

140.0 g

50¢g

1275 g

2975¢g

Cofeed Catalyst #1 Cofeed Catalyst #2

Ammonium persulfate 238¢g

D.I. water 1000 g

33
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80.0 g

St |




Example 2

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.

Adcdlitional variations of the above experiment were prepared with the

following compositions:

Example 3
$e,0, Stage 1 monomer ratio (wt%)
°ODOQ
0¢ae
L Stage 1 chain transfer agent
dett
< : €C
‘e Stage 2 m.onomer ratio (wt%)
Stage 2 chain transfer agent
Final product solids
ceedt Final product pH
< <
e Final product Brookfield visc.

70 MMA /25 DMAEMA /5
DCPA*

8 wt% octanethiol (on
monomer)

60 BA/30 MMA/10 Sty
1 wt% n-dodecanethiol

37.2%
5.0

149 cps

*DCPA is Dicyclopentenylacrylate
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Example 4

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%) 65 BA/35 Sty

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

Applications Examples using Latexes prepared by Method I

A clear overprint 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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Test Preparation:

1) Cuta 6.35 cm (2 1/2) square of printed material

2) Cuta762cm(3") by 15.24 cm (6") piece of muslin (thin cotion
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) Obtaina6.35cm (21/2") by 6.35cm (21/2") 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:
3¢ oo
o A) Heat soap solution.
:i: :‘ B) Place the folded musiin over the blotter paper and pour
3 10 cc's of the hot soap over the muslin.
:’::' C) Place the print fuce down on the wet muslin.
D) Place the steel plate over the print and allow the stack to sit for
cvon 3 30 minutes.
N Rating:
Sz, 1) Remove the plate and inspect the print sample.
2) No color from the ink is to be passed to the muslin.
2?57 3) The print is to have no visible damage (blot with a tissue).
egeros
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Clear cverprint varnish detergent test results:

Film from a latex prepared by
Method L. trace damage only

Film from an anionic core-shell latex
prepared as described in Example 7
6 Of US-A~4876313.....cvvmriiiiiiirirciiciniiiniiiiins totally dissolved

Film from conventional non core-shell
JateX.eeeiiericiii e partially dissolved/
substantial damage

Examples prepared 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 with a 10 g
D.I. water rinse, followed 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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A 10 g D.I water rinse was used to flush the M.E. feedline to the reactor
upon completion of the feed. After holding the batch for 30 minutes at
85°C, a charge of 4 g aqua ammonia (28%) was added te neutralize the

first stage emulsion polymer core.

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

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.I.
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

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.

38

e e T R e e e R T R R




60 0o
o o
00%0
.
XN X ]
o ve
noee
0Q90€
©doo0
o o4g

@
o ¢4

PGy

Monomer Emulsion and Cofeed Catalyst Charges for Example #5

Core Shell
M.E. #21 M.E. #22

D.I. water 242¢g 242 ¢
Triton X-405 (70 wt%) 36g 71g
Butyl Acrylate 85.0¢g -
Methyl Methacrylate 375¢g 875¢g
Methacrylic Acid 25¢g —
Styrene - 62g
DMAEMA * - 3l2g
n-Dodecylmercaptan --- 75¢g
Stage 2 Cofeed Catalyst
Ammonium persulfate 0375¢g
D.I. Water S0g

*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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with Joncryl 537 (Joncryl is a trade mark of 5.C. Johnson) which is a

currently used aqueous ink resin for alkali-resistant applications.
Tests with water, 0.5% ammonium hydroxide, line lubricants and
detergent all showed the latex prepared by Miethod 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
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 arrtmonium 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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A 40 g D.I. water rinse was used to flush the M.E. feed line to the reactor
upon completion of the feed. Fifteen minutes after completion of the
M.E. feed, a solution of 0.6 g sodium sulfoxylate formaldehyde in 10 g
D.L.water was added to the reactor. After holding the batch at 55°C for
an additional 15 minutes, 126 g of glacial acetic acid was added to
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 reactor over one hour (followed by
a rinse with 40 g D.I. water), together with cofeed catalyst #32 (below)
which was added over 90 minutes with the reactor maintained a 85°C.
Upon completion of the cofeed, the batch was 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
formaldehyde in 10 g D.I. water were added to the kettle. The batch was

then cooled to ambient temperature and filtered.

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

viscosity of 920 cps at pH 5.1.
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Monomer Emulsion and Ccfeed Catalyst Charges for Example #6

M.E. #31 M.E. #32
D.I. water 2400 g 2400 g
Amphoteric (42 wt% in water) 143 g 72g
Surfactant
Methyl Methacrylate 300.0g 2100g
Butyl Acrylate - 3900¢g

Dimethylaminoethyl methacrylate 300.0 g -—

n-Dodecylmercaptan (nDDM) 36.0g ---

Cofeed Catalyst #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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Example 8

The process of Example 6 was followed, at slightly higher solids, with
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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Example 11

The process of Example 7 was followed with an M.E. #1 monomer ratio
of 780 MMA /25 DMAEMA /5 DCPA (dicyclopenteny! 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% s
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 viscosity of 45 cps at

pH 4.8.




The Examples demonstrate that the core-shell polymers of the present
invention, when compared to prior art blends and early generation
core-shell polymers, are alkali resistant and capable of use in high pH
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.
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Throughout this specification and the claims which follow,
unless the context requires otherwise, the word "comprise",
or variations such as "comprises" or "comprising", will be
understood to imply the inclusion of a stated integer or
group of integers but not the exclusion of any other integer

or group of integers.

941124,q:\oper\dab,84603.res,45




THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. 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.

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. v

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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5. The polymer of any one of the preceding claims wherein 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.

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 *
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 care.
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9. The polymer of claim 5 wherein a polyfunctional compound is
added after emulsion polymerization of said core, allowed to soak into
the core and then polymerized, followed by emulsion polymerization

and grafting of the shell to the core.

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 substantialiy chemically grafted together utilizing an alkenyl
mercaptoalkylate selected from cycloalkyenyl mercaptopropionates,
cycloalicyenyl mercaptoacetates, crotyl mercaptopropionate, and crotyl
mercaptoacetate wherein said alkenyl mercaptoalkylate is present
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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13.  The polymer of any one of claims 1 to 12 wherein the core-shell
polymer has been neutralized by an acid or has been quaternized by a

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 polym
having an acid-insoluble polymer core and an acid-soluble-0r
quaternizable polymer shell, wherein the core and-the shell are

substantially physically associated and/opstibstantiaily covalently
bonded together, comprising prepdring sequentially by emulsion
polymerization the core arid the shell.
17.

rocess according to claim 16 wherein the polymer is a

Olymer as defined in any one of claims 1 to 13.
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816, a polymer of claim 1, or a process for the
preparation or use thereof, sqbstantially as hereinbefore
described with reference to the Examples.

19. The steps, features, compositions and compﬁﬁﬁg;
disclosed herein or referred ?3/25/3ndfd§€gg’;£ the
specification and/or claims-of this application,

individuiiiz’SE,ggkiectively, and any and all combinations
2£/i§¥/t or more of said steps or features.

DATED this NINETEENTH day of SEPTEMBER 1991

Rohm and Haas Company

by DAVIES & COLLISON
Patent Attorneys for the applicant(s)




ABSTRACT

ALKALI - RESISTANT CORE-SHELL POLYMERS

e o Alkali-resistant core-shell polymers having an acid-insoluble core and

T .‘ an acid-soluble shell are prepared by sequential emulsion

s e polymerization of a monomer mixture having acid-ionizable

°:::“ functionality such that the resulting polymer has an acid-insoluble core

e and an acid-soluble shell. Films from these alkali-resistant, core-shell
polymers are resistant to high pH environments where alkali-

seeat resistance is required. The alkali-resistant, core-shell polymers are
RIS useful in applications such as inks, clear overprint varnishes, coatings,
ST metal adhesion, fiber treatment, paper treatment, cathodic deposition

coatings, stain blocking, coagulants and flocculants.




