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- Another attempt at overcoming the problems associated with polymeric cement
modifiers was to add polyvinyl alcohol to the emulsion polymers and subsequently
- atomizing the mixture. When polyvinyl alcohol is added to cement modifier emulsion
polymers, there is a tendency for phase separation. Also, the addition of polyvinyl
alcohol to the emulsion tends to impart poor rheology characteristics and prolong the
open time of cement compositions containing this mixture.

. The present invention seeks to overcome the problems associated with known
methods for providing redispersible polymers.

In a first aspect of the present invention, there is provided an emulsion polymer
comprising a core, and grafted to said core

a) at least one graftable water-soluble polymer and at least one graftable alkali-

soluble polymer;
b) atleast one graft copolymergpmprisji st@e {3 i water-soluble
polymer grafted with at least ohé graftable alk Ji-solublé P

or
¢) a combination of (a) and (b).
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In a third aspect of the present invention, there is provided a graft copolymer
comprising at least one graftable water-soluble polymer grafted with at least one
graftable alkali-soluble polymer.

In a fourth aspect of the present invention, there is provided a cement
composition comprising cement and the aqueous emulsion of the present invention.

Graftable water-soluble polymers are water-soluble polymers which are capable
of becoming a graft substrate for another polymer, or capable of being grafted onto
another polymer. Graftable water-soluble polymers useful in the present invention
include water-soluble versions of, for example, polyvinyl alcohol, methyl cellulose,
hydroxymethy! cellulose, hydroxyethyl cellulose, hydroxypropy! cellulose, starch
derivatives, poly(ethylene glycol), poly(propylene glycol), poly(amino acids), other
polycarboxylates, polyesters, polyurethanes, polyols, epoxy resins, urea resins, phenolic
resins, and combinations thereof. Preferred graftable water-soluble polymers are
polyvinyl alcohol, hydroxypropyl cellulose, poly(ethylene glycol), and combinations
thereof. The most preferred graftable water-soluble polymers is polyvinyl alcohol.

When polyvinyl alcohol is used as a graftable water-soluble substrate, the
polyvinyl alcohol preferably has a molecular weight of from 3,000 to 100,000, more
preferably from 5,000 to 50,000. It is also preferred that when polyvinyl alcohol is used
as a graftable water-soluble substrate, the polyvinyl alcohol is partially or fully
hydrolyzed, most preferably from 80 to 100 percent hydrolyzed.
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methylpropanesulfonic acid, maleic acid, maleic anhydride, itaconic acid, mesaconic

acid, fumaric acid, citraconic acid, alkali metal salts thereof and ammonium salts

thereof. Préferably, the graftable alkali-soluble polymer comprises methacrylic acid.

The graftable alkali-soluble polymer further comprises, as polymerized units, at
least one polyfunctional compound. Polyfunctional compounds useful for preparing
the graftable alkali-soluble are selected from (i) compounds having at least two sites of
ethylenic unsaturation, (ii) compounds having at least one site of ethylenic unsaturation
and at least one abstractable atom, and (iii) compounds having at least two abstractable
atoms. Such compounds, when incorporated into the graftable alkali-soluble polymer,
impart one or more functional groups which are capable of grafting onto the core

polymer.

Suitable polyfunctional compounds for preparing graftable alkali-soluble
polymers include, for example, ethyleneglycol dimethacrylate, diethyleneglycol
dimethacrylate, triethyleneglycol dimethacrylate, polyethyleneglycol dimethacrylate,
polypropyleneglycol dimethacrylate, neopentylglycol dimethacrylate, 1,3-
butyleneglycol diacrylate, neopentylglycol diacrylate, trimethylolethane
trimethacrylate, dipentaerythritol triacrylate, dipentaerythritol tetraacrylate,
dipentaerythritol pentaacrylate, 1,3-butyleneglycol dimethacrylate, trimethylolpropane
trimethacrylate, trimethylolpropane triacrylate, tripropyleneglycol diacrylate, divinyl
benzene, trivinyl benzene and the like.

Further suitable polyfunctional compounds for preparing graftable alkali-soluble
polymers include, for example, allyl-, methallyl-, dicyclopentenyl-, 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); N- or N,N di-, methallyl-,
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and dlcroat)r}lephosphate, vinyl ethers and viny] thioethers of cycloalkenols and
cycloalkene thiols; vinyl esters of cycloalkene carboxylic acids; 1,3-butadiene, isoprene
and other conjugated dienes; paramethylstyrene; chloromethylstyrene; allyl-,
methallyl-, and crotyl-mercaptan; bromotrichloromethane; bromoform; carbon

tetrachloride; and carbon tetrabromide.

Preferably, polyfunctional compounds are present at a level of from 1 to 25
percent by weight of the graftable alkali-soluble polymer, more preferably from 2 to 20
percent by weight of the graftable alkali-soluble polymer. When one or more
compounds having at least two sites of ethylenic unsaturation are used as the
polyfunctional compound, it is preferred that said compounds having at least two sites
of ethylenic unsaturation are present at a level of less than 5 percent by weight, more
preferably 0.5 to 3.0 percent by weight of the graftable alkali-soluble polymer. The
most preferred polyfunctional compound is allyl methacrylate.

The graftable alkali-soluble polymer may optionally comprise, as polymerized
units, at least one other monomer polymerizable with the monomers comprising the
graftable alkali-soluble monomer. Preferred monomers polymerizable with the other
monomers include, for example, alkyl esters of acrylic acid, alkyl esters of methacrylic
acid, hydroxyalky! esters of acrylic acid, hydroxyalkyl esters of methacrylic acid,
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The graftable alkali-soluble polymer preferably has a weight average molecular
weight of from 1,000 to 50,000, more preferably from 2,500 to 25,000. All molecular
weights referred to herein and in the appended claims are as determined by aqueous

gel permeation chromatography using a 4,500 molecular weight poly(acrylic acid)
standard.

In general, and particularly when the polyfunctional compound used in the
graftable alkali-soluble polymer has two or more sites of ethylenically unsaturation, it is
desirable to use one or more chain transfer agents to control the molecular weight when
preparing the graftable alkali-soluble polymer. The types and methods of using chain

- transfer agents or mixtures thereof is well known in the art. Particularly useful chain
transfer agents include, for example, C;-C¢ alkylmercaptans and C;-Cg alkyloxy
mercaptans.

Monomers suitable for forming the core are any monomers capable of
undergoing an emulsion polymerization. For example, any of the monomers suitable
for use in preparing the graftable alkali-soluble polymer are suitable for use in
preparing the core. Other suitable monomers include N,N-dimethylaminoethyl
acrylate, N,N-dimethylaminoethyl methacrylate, N-[3-(dimethylamino)propyl]}
acrylamide, N-{3-(dimethylamino)propyl] methacrylamide, tert-butylaminoethyl
methacrylate, (3-acrylamidopropyl)trimethylammonium chioride, (3-
methacrylamidopropyl)trimethylammonium chloride, and N-[3-(dimethylamino)-2,2-
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In the process of the present invention, the monomers which are polymerized to
form the core are polymerized in the presence of a grafting polymer. Grafting
polymers are polymers which are capable of undergoing a grafting reaction with the
core polymer under the conditions of the emulsion polymerization of the core. Suitable
grafting polymers for the present invention include (a) a combination of at least one

- graftable water-soluble polymer and at least one graftable alkali-soluble polymer; (b) at
least one graft copolymer comprising at least one graftable water-soluble polymer

- grafted with at least one graftable alkali-soluble polymer; and (c) a combination of (a)
and (b). M

In one embodiment of the present invention, the graftable alkali-soluble polymer
is itself prepared in the presence of the graftable water-soluble polymer. By
polymerizing the monomers which make up the graftable alkali-soluble polymer in the
presence of the graftable water-soluble polymer, a graft copolymer of graftable alkali-
soluble polymer and graftable water-soluble polymer is produced. In such an
embodiment, the polymerization of the monomers which make up the graftable alkali-
soluble polymer are preferably polymerized in an aqueous solution of the graftable
water-soluble polymer using conventional emulsion polymerization techniques with
regard to the aspects of emulsion polymerization described above. In a preferred

- embodiment, the monomers which make up the graftable alkali-soluble polymer are
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N-[3- (di fﬁ%ﬁ%eﬁﬁé&‘%} i 5 Presence of the grafting polymers by (1) having the grafting
polymers in the reactor prior to the addition of the monomers which make up the core.

The grafting polymers can be unneutralized, partially neutralized or completely
neutralized. Preferably, the grafting polymers are partially or completely neutralized
prior to the polymerization of the core. The neutralization can be done with any
suitable base, such as alkali metal salts, alkaline earth metal salts, ammonia, amines and
combinations thereof. Preferably, the grafting polymers are partially or completely
neutralized with a combination of alkali metal salts and alkaline earth metal salts, most
preferably with a combination of sodium salts and calcium salts. The preferred ratio of
sodium ions to calcium ions is 100-0.01:1, more preferred is from 2-0.5:1, most preferred
from 1.5-0.6:1. Preferably, the pH of is above 7, more preferably above 8 when the
polymerization of the core begins. Partial or complete neutralization of the grafting
copolymers prior to polymerization of the core helps prevent agglomeration during the
polymerization of the core, and improves the grafting efficiency of the grafting
polymers. The grafting efficiency is the percentage of graft copolymer, based on the
total amount of grafting polymer, which becomes grafted to the core during the
polymerization of the core. The grafting efficiency is usually less than 100 percent.
Thus, a portion of the grafting polymer will remain in the aqueous phase of the
emulsion. Preferably, the grafting efficiency is at least 10 percent, more preferably at
least 15 percent based on the total amount of grafting polymer.



6 di met hyl propyl ] acryl am de. The sel ection of the particular nononer. or
conbi nation thereof, and the relative anount of nononmers for preparing the
core is not critical to the present inyention and will generally depend
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graftable al ke 5l 6t 1R pre&ent ifiheo® provi e%ba'nng&de%rﬁsoefm&la lorlOF e -
polymers of the present invention. The aqueous emulsion is generally from 25 to 70
percent by weight polymer solids, preferably from 30 to 60 percent by weight polymer
solids and more preferably from 35 to 55 percent by weight polymer solids. Known
processes which utilize polyvinyl alcohol during the polymerization of monomers
suffer from dramatic increases in viscosity during the polymerization. Such processes
suffer from poor mixing, uncontrolled retention of heat and difficult handling of the
product. The process of the present invention, which utilizes a grafting polymer,
allows for high solids processes at substantially lower viscosities. Preferably, the
viscosity of the aqueous emulsion of the present invention is below 5,000 centipoises

("cps”), more preferably from 50 to 2,000 cps at the more preferred level of polymer
solids.

The emulsion polymers of the present invention are useful in the form of an
aqueous emulsion and as a dried polymer powder such as a polymer powder prepared
by spray drying. The emulsion polymers of the present invention are redispersible
which makes them useful in many applications such as redispersible cement modifiers,
redispersible adhesives, redispersible coatings, redispersible films, redispersible
binders for caulks, mastics, floor polishes and the like. The emulsion polymers are
particularly useful as cement modifiers.

In each of the examples which follow, unless stated otherwise: percentages are
reported as percent by weight; "Particle Size" is reported as diameter in nanometers
("nm") as measured by a Brookhaven BI-90 Particle Sizer; “Solids” were measured as



I n one enbodi nent of the present invention, the graftable alkali-soluble
polymer is itself prepared in the presence of the graftable water-soluble
pol ymer. By pol ynerizing the nononers which nake up the graftable

al kal i'-sol ubl e polyner in the presencegof the graftable water-soluble
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copol y Rerpptant wasiebalizethe core can be pol ygeri zed in the
presence of the grafting polyners by (1) having the grafting polyners in
the reactor prior to the addition of%gwgmers whi ch make up the core,
(2) adding the grafting polynmers at re times during the addition
of the nonomers vvhi ch make up the core, or (3) a conbi nation thereof.

e By SRSt Pl
To a S-hter, 4-necked round bottom flask equipped with a mechanical stirrer,

thermocouple, condenser, and nitrogen sparge was added 450 grams of deionized
water and 24.3 grams of Airvol™ 203 (polyviny! alcohol having a molecular weight of
from 13,000 to 23,000, 88% saponified with sodium hydroxide, available from Air
Products and Chemicals, Inc.) to form an aqueous solution of a graftable water-soluble
polymer. This solution was heated to 850C. A monomer emulsion (ME#1) was
prepared by combining the components set forth in Table I below. An initiator solution
was prepared by combining the components set forth in Table I below. While stirring
the components of the kettle, ME#1 was added to the kettle followed by the initiator
solution. After several minutes, the temperature of the kettle leveled off, a few grams
of a catalyst solution containing t-butylhydroperoxide and sodium sulfoxylate
formaldehyde was added to the kettle to reduce the residual monomer level in the graft
copolymer. To the kettle was added the neutralizer slurry (as shown in Table II) to
solubilize the graft copolymer.




polyners in the reactor prior to the addition of the nononmers which make up
the core. The grafting polyners can be unneutralized, partially neutralized
or conpletely neutralized. Preferably, the grafting polynmers are partially
or conpletely neutralized prior to the polynerization of the core. The
neutralization can be done wth any s'Lﬂi(fabI e base, such as al kali netal
sal'ts, alkaline earth netal salts, ammonia, am nes and conbi nati ons
thereof. Preferably, the grafting pol yf@ﬁﬁﬁzire partially or conpletely
neutralized with a conbination of alka nmetal salts and al kaline earth
netal salts, nost pr alts and cal ci um
salts. The- preferred | iMEB#lons ifs 100-0.01: 1,
nore preferred is frgm2-0.5:1, nost preferred ffom 1.5-0.6¢:1. Preferably,
the pH of is above 7] Daomized efaternbl y above 8 whé¢nd4blpg pol yneri zati on of
the core begins. Parf iuPh dodBeviB hareat oo tejgrafting

copol yners prior to ltﬂﬂm . ' p t aggl oneration
during the polyneriz ra -4 coreand improyestthe grafting efficiency
of the grafting polyfMethyliMethacrylateg effici ency 958-40he pércent age of

graft copol yner, basgdliyhMetbacrylate anount of gr if t 18§ pol yrer, which
becomes grafted to.thMetha@ylidiAdd t he pol ymerizat R@RQOT The core. The
grafting efficiency Md ertZtopropionate. Pe! ,ﬁgégleIUb a portion of

the grafting polyrrer wHrerrer -t -tHe—agteeus—phase—ef—+he enul si on.

Preferab aLkiiln n S | east 10 percentt nore preferably
at | east!I %'?%g Bi) %Bﬁ’ﬁk e&xﬁe{%p §d32Pb‘ﬁPiY epe sapalymHer gweilable frogn y
polyner|§ PORRrer s whi ch make up the core in the presence of the
grafting polyners, the enul sion polyner of the present invention is
prepared. The emul sion pol yner of the present invention conprises a core,
and grafting polyners grafted to sai dTABIEIIThe respective anounts of core
and grafting polymer are preferably from50 to 98 parts by wei ght core and

=

from2 to 50 partFoR)peleedliqulbus solution of FeSO,.7 HyO 9.0g
1 percent aqueous solution of ethylene diamine 25g
tetraacetic acid
8.2 percent aqueous solution of t-butyl 20.4g
hydroperoxide
7.9 percent aqueous solution of sodium sulfoxylate | 19.55 g
formaldehyde
TABLE I
deionized water 45.0g

50 percent aqueous solution of sodium | 122 g
hydroxide

"Ca(OH); 52g




grafting polyner, nore preferably from70 to 95 parts by weight core and
from5 to 30 parts by weight of grafting polyner, nost preferably from75
to 90 parts by weight core and from 10 to 25 parts by weight of grafting
pol ymer. The enul sion pol ymer of the present invention has an average
particle size (dianmeter) |less than 2 qycrons, nore preferably |ess than 1.8
m crons, nost preferably less than 1.5 microns. The particle sizes reported
herein are dlaneters as neasured by a Brookhaven Bl - 90 Partlcle Si zer mhlch
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| Deionized water 250.00 grams
Pluronic L-31 "5.00 grams
| sodium lauryl sulfate 5.00 grams
Butyl Acrylate 332.00 grams

Methyl Methacrylate 332.00 grams

TABLEV
Solids 424
Particle Size 498 nm
| pH 7.06
| Viscosity ' 1866 cps
Wet Gel 0.4
' Graftmg Efficiency*
[ Graftable Alkali-Soluble Polymer |46
~Graftable Water-Soluble Polymer |39

* Grafting efficiency of the graft copolymer was not measured directly.



reported as percent by weight; "Particle Size" is reported as dianeter in
nanometers ("nm') as neasured by a Brookhaven BI-90 Particle Sizer;
"Solids"™ were neasured as .9 the percent by wei ght of a 1-2 gram sanple
remal ning after the sanple was placed in a 150[err]C oven for 30 m nutes;
"viscosity" is reported - in centipoi seﬁ( cps") as neasured by a- Brookfleld
vi sconeter using a #3 spindle at 60 revol utions per mnute ("r.p.m"); 'Wt
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forth |ntoTsmhbmlzbth@gwtaamhn@hsgdmmbqﬂﬂm@rcorrponents of the kettle, ME#1
was added to the kettle followed by the Tnitiator

To the kettle was added 24.3 grams of Airvol™ 203.

A monomer emulsion (ME#2) was prepared by combining the components set
forth in Table IV above. To the kettle was added 50.0 grams of ME#2 and 12.85 grams
of a 6.6 percent aqueous solution of ammonium persulfate. After the exotherm peaked,
the remainder of ME #2 and 94.2 grams of a 4.5 percent aqueous solution of ammonium
persulfate were separately added to the kettle at a constant rate over a period of two
hours at a temperature in the range of 82-860C. The contents of the kettle temperature
were then maintained at 820C for an additional fifteen minutes, then cooled to 659C.
Residual monomer levels were reduced by adding a few grams of a catalyst solution
containing t-butylhydroperoxide and sodium sulfoxylate formaldehyde to the kettle.
The emulsion polymer of the present invention prepared by Example 3 is characterized

- in Table VI below.
TABLE VI
Solids - 417
| Particle Size 304 nm
pH 7.05
| Viscosity 372 cps
Wet Gel 0.1
Grafhng Efficiency
Graftable Alkali-Soluble Polymer | 50
Graftable Water-Soluble Polymer |45




solution. After several minutes, the tenperature of the kettle leveled off,
a few grams of -a catal yst solution containing t-butyl hydroperoxi de and
sodi um sul foxyl ate formal dehyde was added to the kettle to reduce the

resi dual nononer level in the graft c golyrrer To the kettle was added the
neutralizer slurry (as shown in Tabl el 1) to solubilize the graft

copol yner. 10 TABLE | Dei oni zed wat er 145. 00 sodi um'
dodecyl bz 5 ! PAl\AhErizing iff thé PriseRtCE] Glaftabt ﬁlk ll- oluble Polymer ahd s
Met hyl Mef ha af e 05.40 ATy VETT 180
Met hacr y = JYater-Soluble Polymep 1 30 Mot hyl 3- rrercapt opr opi onat e 4. 25
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py ared by comblmng the components set forth in Table I above. While stirring the
-contents of the kettle, ME#1 was added to the kettle followed by the initiator solution.
After several minutes, the temperature of the kettle leveled off, a few grams of a
catalyst solution containing t-butylhydroperoxide and sodium sulfoxylate
formaldehyde was added to the kettle to reduce the residual monomer level in the graft
copolymer. To the kettle was added the neutralizer slurry (as shown in Table III above)

to solubilize the graftable alkali-soluble polymer.

A monomer emulsion (ME#2) was prepared by combining the components set
forth in Table VII below. To the kettle was added 50.0 grams of ME#2 and 12.85 grams
of a 6.6 percent aqueous solution of ammonium persulfate. After the exotherm peaked,
the remainder of ME#2 and 94.2 grams of a 4.5 percent aqueous solution of ammonium
persulfate were separately added to the kettle at a constant rate over a period of two
hours at a temperature in the range of 82-860C. The contents of the kettle temperature
were then maintained at 820C for an additional fifteen minutes, then cooled to 65°C.
Residual monomer levels were reduced by adding a few grams of a catalyst solution
containing t-butylhydroperoxide and sodium sulfoxylate formaldehyde to the kettle.
The emulsion polymer of the present invention prepared by Example 4 is characterized

in Table VIII below.
TABLE VII

Materials ME#®
deionized water 250.00

Airvol™ 203 24.30
Pluronic™ L-31 5.00
| sodium lauryl sulfate 5.00
Butyl Acrylate 332.00
Methyl Methacrylate 332.00




dei oni zed wat er
sodi um

12.2 g hydroxide [err]

45. Oy 50 percent aqueous sol uti.on of

5.2 g ' Exanple

2: Preparation of an Emul sion Polynmer Having A G aft 'COpOI ynmer Gafted
Thereto By Polynerizing in the Presence of a Graft Copol ynmer A nonomer
emul si on (ME#2) was prepared by conbi d#ng the conponents set forth in Table

IV below. To the kettle containing the graft copol yner

1 was added 50.0 grans of

MVE#2 and 1
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250. 00 grans Pl uroni E-@iﬂableWateméﬂd pén lauryl sulfate 5.00
grans Butyl Acrylate 33200 gramns_ NeErhytr—WeEThacryTat e 332.00

gr ans '

To a 5-liter, 4-necked round bottom flask equipped with a mechanical stirrer,
thermocouple, condenser, and nitrogen sparge was added 450 grams of deionized
water. The water was heated to 850C. A monomer emulsion (ME#1) was prepared by
combining the components set forth in Table I above. An initiator solution was
prepared by combining the components set forth in Table Il above. While stirring the
contents of the kettle, ME#1 was added to the kettle followed by the initiator solution.
After several minutes, the temperature of the kettle leveled off, a few grams of a
catalyst solution containing t-butylhydroperoxide and sodium sulfoxylate
formaldehyde was added to the kettle to reduce the residual monomer level in the graft

copolymer.

A monomer emulsion (ME#2) was prepared by combining the components set
forth in Table IX below. To the kettle was added 50.0 grams of ME#2 and 12.85 grams
of a 6.6 percent aqueous solution of ammonium persulfate. After the exotherm peaked,
the remainder of ME#2 and 94.2 grams of a 4.5 percent aqueous solution of ammonium
persulfate were separately added to the kettle at a constant rate over a period of two
hours at a temperature in the range of 82-86°C. The contents of the kettle temperature
were then maintained at 82°C for an additional fifteen minutes, then cooled to 65°C.
Residual monomer levels were reduced by adding a few grams of a catalyst solution
containing t-butylthydroperoxide and sodium sulfoxylate formaldehyde to the kettle.
When the contents of the kettle reached 45°C, the neutralizer slurry (as shown in Table
HI above) was added. The emulsion polymer of the present invention prepared by

Example 5 is characterized in Table X below.



TABLE V Sol i ds ' 42. 4 Particle Size

498 nm pH ' : 7.06 Viscosity .

1866 cps Wt Cel 15 0.4 Gafting Efficiency*
Graftabl.e Al kali-Soluble Pol yner 46 éraftabl e Water-Sol ubl e Pol yner 39
* Grafting efficiency of the graft copol ynmer was not neasured directly.

12 Exanple 3: Polynerizing in the Preygmgp{ a Graftable Al kali-Soluble
Pol ynmer and a G aftabl Fey-Sottivte—ot-yret :_m 4- necked round
bottom fl ask equi pped - . pl e, . condenser,
and nitrogen sparge wa dded 400 _grans of deignized \I@ The wat er was

heated to 85[err]C. A [dﬁétererml sion (NVE#1) Mas p_r@ by conbi ning the
conponents set forth i Aisvol®M D03bove. An initijator 24lAitijon was prepar ed

by combi ning the conpo i Bltn 1n laple(lT abowgg Yile stirring the
contents of the kettlefdg 3 wed by the
initiator solution. Af ' . %@"f w4 of the kettle

| evel ed off, a few gra ol utiof coniadd 0,

t - but yl hydr oper oxi de apdiebyl Mathagrylato (MMA) of el deMdd® Jas added to the

kettle to reduce the residual nononmer level in the graft copolyner. To the

kettle was added the neutralizer slurry (as shown in Table IIl above) to
solubilize the graftabl e al kali-sol ubTapgi® Xner. To the ket‘t | e was added
24.3 grans of AIESRE4 €rTT 203" 33.4
' Particle Size ~ 1.2 micron
"pH 7.51
Vlsc051ty too viscous to measure
| Wet Gel would not filter
Graftmg Efflcxency
Graftable Alkali-Soluble Polymer | 38
Graftable Water-Soluble Polymer {70

- - 1
The procedure of Example 4 was followed except that the monomer emulsion
(ME#2) was as set forth in Table XI below. The emulsion polymer prepared by
Comparative Example 6 is characterized in Table XII below.

. TABLE XI
Materials ME #2
deionized water 250.00
 Pluronic™ L-31 5.00
| sodium lauryl sulfate 5.00
 Butyl Acrylate 344.00
Methyl Methacrylate 344.00
TABLE XII
[ Solids 45.0
| Particle Size 105nm
pH 7.03
| Viscosity 32 cps
Wet Gel 2.0
Graftmg Efﬁcxency
“Graftable Alkali-Soluble Polymer 49
Graftable Water-Soluble Polymer | none




A nononer enul sion (ME#2) was prepar ed- by conbi ning the conponents set
forth in Table IV above. To the kettle was added 50.0 granms of ME#2 and B
12.85 grans of a 6.6 percent aqueous splution of ammonium persulfate. After

t he exot herim peaked, the renai nder of #2 and 94.2 granms of a 4.5 percent
aqueous sol ution of. anmoni um persul fate were separatel y added to the kettle
at a conamiple : OMBAr v al7 o0 A _ﬁeature in the range
of 82-86[err] re then maintained

at 82[err]C f ) ampﬁet%was Mﬂwe@ ex@%ﬁh%fdépéﬁoﬂMSFmtﬂ?l@
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sul'f oxyl a

?glrlrjr;[a: gghyﬁﬂb?}ﬂ‘)r%éﬁﬁ%é ﬁ a@ﬁ.{ﬁ{é@%‘@%@ﬂ)@”ﬂ $#%Phe present invention

pr epar ed by Exanple 3 is characterized in Table VI below TABLE VI Solids
41.7 Particle 3 . 4 it . .
372 cps Wt ’ﬁ% & S-liter, 4-necked round 6)0&(%& ﬂggﬁ %%&%P&?,&gﬁ gyr%@hafr}x%aglsgxrer
Al kal i - séhegmecquple,sondepsercand nitnpgerveparge Yods addedra0,grams afsdeionizad
Exanpl e %a@@hﬁwol(ﬂ%ﬂa&ué&Aﬁ@gﬁﬂ@?ﬂﬁe%at@r §f}{e§§<ﬁd‘§§°@ | - Sol ubl e

ol ubl e Pol ymer |

Pol ymer and a G aftable Vater ter, 4-necked round
bottom fl ask equi pped with a nmechanical stirrer, thernocouple, condenser,

and nitrogen spaigomeserndiioch (VME) Wa%%eﬁire@%ﬁébrﬁ&gung the components set
forth in Table XIII below. To the kettle was added 50.0 grams of ME and 10.4 grams of
a 3.8 percent aqueous solution of ammonium persulfate. After the exotherm peaked,
the remainder of ME and 94.5 grams of a 4.8 percent aqueous solution of ammonium
persulfate were separately added to the kettle, at a temperature in the range of 82-860C,
at a constant rate to provide a two hour feed time. The contents of the kettle gelled
completely after one hour rendering further characterization unnecessary. Residual
monomer levels were reduced by adding a several grams of a catalyst solution
containing t-butylhydroperoxide and sodium sulfoxylate formaldehyde to the kettle.

TABLE XIII

Materials ME #2
| deionized water 250.00
Pluronic™ L-31 5.00
.| sodium laury! sulfate - 5.00
Butyl Acrylate 332.00
Methyl Methacrylate 326.00
Methacrylic acid 6.00

The emulsion polymers prepared in Examples 2, 3, 4, 5 and 6 (comparative) were
evaluated as cement modifiers. In addition, Example 8 (comparative) is included.
Example 8 was conducted using an emulsion sample prepared according to Example 6
(comparative) to which 24.3 grams of Airvol™ 203 was added. Cement mortars were

prepared according to the formulation set forth in Table XIV below. The results are set
forth in Table XV below.



wat er. The water was heated to 85[err]C. A nononer enulsion (ME#1) was
*prepared by’ conmbi ning the conponents set forth in Table | above. An
initiator: sol ution was prepared by conbining the conponents set forth in
Table'l I above. Wile stirri ng the contents of the kettle, ME#1 was added
to the kettle followed by the initiaddr solution. Affer several mnutes,
the- tenperature of the. kettle leveled off, a few grams of a catal yst

sol ution containing t-butyl hydroper e sodi um sul f oxyl at e

f or mal dehyde was added to the kettle to reduce the residual nononer |evel
in the graft copo = P rslurry (as
shown in Table |1 = _J&Sh‘ﬂagd mmi, £ ' | | ubl e

pol yner. A nonone R8P > i ni e conmponent s
set forth in Tabl pEHYIsigRFolymery 1 he| k@ grars (RasechanogiysterGolidshnt of ME#2
and 12.85 granms of “&'®. 6 percent aqupéligrans (fotabmcbidingagueaus persul f at e.
After the exotherp_peaked, the remai hgbaseodi BfiRicmmblPrhe® grans| of a 4.5

per cent aqueous sol ution of anmonium persultate were separately added to
the kettle at a constant rate over a period of two hours at a tenperature
I n the range ng §2u86[err]C The contents of the kettle tenperature were

t hen nmai nt ai ned€aPLVYIEprppeties ohmeamadified camentsivereevaiuatades, then cool ed
to 65[err]C. Residual nononer |evels were reduced by adding a few grans of
a cataly ai ni ng t-butyl hydr ope xi de and um sul f oxyl ate
f or mal deSW égé%ﬁxk\getrﬁe% é“@ﬁ’g'l 8‘% AL a?ﬂ‘F”t"H%"'l%B&sct?ﬁts 15[eRG¥nt i on
pr epar ed %Ee@é&ﬁ*p peniod of @kmertaat theicemdnt moftab kemains flobabmandliABivElable

Mat er i al Mortar rheology: Miortz tﬂﬁkﬂ&s%gﬂrwgt &t 250. 00 Airvol [err] 203
24. 30 P Iauryl sul f at 5. 00 Butyl

Acryl at o Rebhlaibsh 5"66%9&% mnsweh@ g & odnesrup with morbar, and

penetrating a syringe needle into the cup atter 24 hours at room temperature.
Thin section properties: a 1/16 inch {0.16 centimeter) thickness of mortar is placed on

plywood and allow to cure for 24 hours. Toughness is rated qualitatively by scratching
- the center with a screw criver.

TABLE XV
Exampie 2 3 3 3 Comp & | Comp3
| Wet-out time (seconds) 15 15 15 15 15 15
[ Open time ~30 minutes | ~30 minutes | ~40 minutes >1 hour > 1 hour > 1 hour
Rheology creamy creamy creamy thick v. thin thin
| Retardation hard hard hard med. nard | med. hard | med. hard
Thin Section Toughness excellent exceilent excailent good excellent excellent




14 TABLE VII1 Solids . 42.3 Particle Slze
173 nm pH 7.11 Vi sc05| ty

aced
298 cps_ Vet ShmHaSB"e“R 1 0.1 & e G aftabl e
Al kal i ='Sol ubl “ EH aftabl e Water- q leep,@wlwp(saBEEl\I Exanpl e 5:
Pol yreri zi ng of an Unn:ligt ralli zed frafAicEde Al Kali-Soluble
Pol'ynmer and a G aftabl e Wat er- Sol ubl e f—Fo—g=5= —Z4-necked round
bottom fl ask equi pped with a nechani cal stl rrer, thernocouple, condenser,
and ni tr opadclaipy ge was added 450 grans of dei oni zed water. The water was
heated to 85[err]C. A nononmer enul sion (ME#1) was prepared by conbining the
conponents set forth in Table | above. An initiator solution was prepared
by combi nil.n@rtémutsdmppomm&mn fisinigta ¢are akl egrlaftedisivell, saMigrafted shell ng t he
contents dtothe kettle foll owed by the
I nitiator so‘f u§| on. ﬁ??%év% nutes, the tenperature of the kettle
| evel ed off, a few grans of a catal yst soI ution containing
t- but'yl hydr ope(é)xmeas%rwleﬁdftmew&%im@ pb Qﬁi‘!ﬂ@ayﬁﬁleagﬁﬁdblé)alkﬂ‘il
kettle to reduﬁ& e residual nononer |evel he graft copolyner.
nmononer enul si “E’ Y@ prepared by conbl ni ng t he conponents set forth
in Table I X below. To the kettle was added 50.0 grans of NME#2 and 12.85
grans of a 6. G@egtclg ton%ueo Scofagly%'eroporgpngirﬂgoamlgﬂt Bhb sg%fftgt;lg watkh-So1db1E

exot her m peake
polymer grafted with at least one graftable alkali-soluble polymer;

.and
(c) a combination of (a) and (b).

2. The emulsion polymer of claim 1, wherein: the graftable water-soluble polymer is
polyvinyl alcohol.

3. The emulsion polymer of claim 1, wherein: the graftable alkali-soluble polymer
comprises, as polymerized units,

(i) acid-functional monomer, anhydride-functional monomer, salts thereof or a
combination thereof, at a level of from 5 to 50 percent by weight based on the

weight of the graftable alkali-soluble polymer;

(ii) atleast one polyfunctional compound at a level of from 1 to 25 percent by
weight based on the weight of the graftable alkali-soluble polymer; and

(iii) atleast one alkyl acrylate or alkyl methacrylate at a level of from 49 to 94
percent by weight based on the weight of the graftable alkali-soluble polymer.

4. The emulsion polymer of claim 1, wherein: the grafted shell comprises from 2 to 50
percent by weight of the emulsion polymer.

5. An aqueous emulsion, comprising: water and an emulsion polymer comprising a
core and a grafted shell, said grafted shell selected from the group consisting of

(a) atleast one graftable water-soluble polymer and at least one graftable alkali-

: * [ L M 1] *

soluble polymer;



the remai nder of ME#2 and 94.2 grans of a 4.5 percent aqueous sol ution of
ammoni um persul fate were separately added to the kettle at a constant rate
over .a'period of two hours at a tenperature in the range of 82-86[err]C
The contents of the kettle t enper at urgigrere then naintained at 82[err]C for
an additional fifteen mnutes, then cooled to 65[err]C. Residual nononer

| evel s were r uce@ébg addl n a few grans of a catal yst solution containing
t - but yl hydr op m@mes@mrém@aﬁiﬂawamb!mwar@rml@ble
Wien the cont ﬁ&&ﬁﬁmﬁm@s@%@ ARhisteraliali-5AGbREPSFMrzer sl urry
(as shown _i.n above) was adde The emul si on pol yfier of the

pr esent |aﬁ\9ent|on prepar ed by Exanpl e 5 I s characteri zed |n Tabl e X bel ow.
TABLE | X Mat er(clrhsombination of (a) and (b) ME#2 DI wat er .

250.00 Airvol [err] 203 24.3 Pluronic[err] L-31

5.00 SLS 5.00 Butyl Acrylate (BA)

344.00 Mé: Hymathod dor prepacing\awaqueous enduléic@icomptifigIohitsion polymerizing at
33. 4 Par i £h 8n@rténomer to form a core, in the és&é@ fa% agﬁ'}lrégoi% er\/?gtlec&eéﬁl from

7.51 Vi sc05|ty B S odd
woul d notth® BFRWR ceRsistingef Ef fi ci ency Graftabl e Al kali-Soluble Polynmer 38

(a) atleast one graftable water-soluble polymer and at least ope graftable alkali-
soluble polymer;

(b) atleast one graft copolymer comprising at least one graftable water-soluble
polymer grafted with at least one graftable alkali-soluble polymer;
and B

(c) a combination of (a) and (b).

7. The method of claim 6, wherein: the graftable alkali-soluble polymer comprises, as
polymerized units,

(i) acid-functional monomer, anhydride-functional monomer, salts thereof or a
combination thereof, at a level of from 5 to 50 percent by weight based on the

weight of the graftable alkali-soluble polymer;

(ii) atleastone polyfunctional compound at a level of from 1 to 25 percent by
weight based on the weight of the graftable alkali-soluble polymer; and

(iii) atleast one alkyl acrylate at a level of from 49 to 94 percent by weight based
on the weight of the graftable alkali-soluble polymer.

8. The method of claim 6, wherein: the graftable water-soluble polymer is polyvinyl
alcohol.

9. A graft copolymer comprising at least one graftable water-soluble polymer grafted
with at least one graftable alkali-soluble polymer.

LR



G aftabl e Water-Sol uble Polyner 70 Exanple 6: Conparative - No G aftable
Wat er - Sol ubl e Pol ynmer The procedure of Exanple 4 was foll owed except that
‘the nononer emnul sion (ME#2) was as set forth in Table XI bel ow. The

emul si on pol yner prepared by Conparative Exanple 6 i's characterized in

Table XII below. TABLE XI Materials 20 ME #2 deioni zed wat er
250.00 Pluronic[err] L-31 5.00 sodium | auryl sulfate

5. 00 Butyl10Acrhd @adt co - of clai 0 _Met hvl thacryl at e 344. 00
TABLE XI 1 o ik gt polymer of da_“g%‘“g‘e’em' He g BaPR-iikaflibipte polymer
105nm pH CSOmprises, as polymerized units, 7.03 Viscosity

32 cps Wt Cel 2.0 Gafting Efficiency Graftabl e

Al kal i - Sol ubl e Ro r.. 49 G.aftabl e Water-Sol ubl e Polymer none 16
Exanpl e 7: Oomggr é{lﬁifgngnﬂﬁal@af‘?%Fé%MM&'@mC@@Flél Ponpmar, salts theoeod dume

of Exanpl e 4 weenilihatior thereof @t aléall of BROBNE TOHepfaH HyoReldHEBA e d'BA tRS
set forth in Taplighibf thefraBible aifalf Toibid BOPYCI)‘Ill rr;%e? PT egg?e%y |

(ii) atleastone polyfunctional compound at a level of from 1 to 25 percentby -
weight based on the weight of the graftable alkali-soluble polymer; and

. | '
(iii) at least one alkyl acrylate or alkyl methacrvlate at a level of from 49 to 94
percent by weight based on the weight of the graftable alkali-soluble polymer.

11. The graft copolymer of claim 9, wherein: the graftable water-soluble polymer is
polyvinyl alcohol.

12. A cement composition comprising cernent and the aqueous emulsion of claim 5.

13. A method for modifying cement compositions comprising adding to a cement
composition an effective amount of the aqueous emulsion of claim 5.

Ly



Conparative Exanple 6 is characterized in Table XI1V below. To a 5-liter,
-4-necked round bottom fl ask equi pped with a mechanical stirrer,

- ‘ther mocoupl e, condenser, and nitrogen sparge was added 600 grans of

dei oni.zéd water and 20. 0 grans of Airvol[err] 203. The water was heated to
85[err]C:" A nononer. enul sion (ME) was prepared by combining the conponents
set: forth in Table XIIl below .To the kettle was added 50.0 grans of ME and
10. 4 grams of a 3.8 percent aqueous FESERAGHh of armoni um persulfate. After
the exot herm peaked, the renalnder of VE and 94 5 granms of a 4.8 percent
agueous sol ution of amoni um $R2ESTD f£ok 0y (BEEIRt el y added to the

KoLl 8 AR GRS e oAl PR T B

af t er orcomponentef dheserapripositiens hasiven oe maratpolymerinsubstituents. Reke dual

e

f or mal dengdifiers the kettle. TABLE XIi1 WMater ME dei oni zed
wat er. . 250.00 Pluronic[err] L-31 5.00 sodium | auryl

sul fate 5.00 Butyl Acrylate 332. 00 Methyl Methacrylate

326.00 Methacrylic acid 6. 00 The enul sion polyners prepared in

Exanples 2, 3, 4, 5 and 6 (conparative) were eval uated as cenent nodifiers.
I n addition, Exanple 8 (conparative) is included. Exanple 8 was conducted
usi ng an enul sion sanple prepared according to Exanple 6 (conparative) to
which 24.3 grans of Airvol[err] 203 was added. Cenent nortars were prepared
according to the fornulation set forth in Table XV below. The results are
set forth in Table XV bel ow.



o T ) : ) REPLACEMENT SHEET
--18 - W claim 1. An enul si on polymer c rrprllsg’n@f(@e angd a shell
grafted to said core, wherein said grafted shebdcid Bel ced! ed fripm the group
consisting of: (a) at | east one graftable pabygpr and at

| east one graftable al kali- soluble pol yneSubétijute skieeltcadB Ootobmraf997
copol ymer conprising at |east one grantabl e water-soruopble potymer—grafted :
wth at | east one graftable al kali-soluble polyner; and (c) a conbi nati on

of (a) and (b). 2. The emul sion polyner of claiml1, wherein: the
graftabl e wat er-sol ubl e polyner is polyvinyl alcohol. 3. The emul si on
pol ymer of claim1, wherein: the graftabl e al kali-sol uble pol yner

conpri ses, as pol yneri zed GRAKIERPORYMER COMPOSITIONoner ,

anhydri de-functional nononer, salts thereof or a conbination thereof, at a
| evel of from5 to 50 percent by wei ght based on the wei ght of the

graftabl e al kalfyes EnvRativiPélates bd A \gﬁn&@ﬁa&meaeoxa@wﬁémcm gtaﬂig%xfag}qgﬁund

at a level of from1l to 25 percent by | ght” based on"the weig

gr af t abl e pa¢tdeat iinvenkiab| relates| tpnpolyman dompbsitions whichs haven éwaldryinoze: pylyatericor
al kyl nmeth cr%/l ate a | evel of fromd49 to 94 percent by wei ght based on
t he wei ghtSuUBsttRends S@&P&&tﬁﬂr@"al kal i - sol ubl e pol ymer. 4. The emul si on

pol ymer of claim1, wherein: the grafted shell conprises from2 to 50
percent by wei ght of the emul sion polyner. 5. An aqueous enul si on,
conpri sing: watEmubion polymers sieckngwrl yoribe wsefgly ifsd example,onse cementanifiers.

grafted tq_said core, wherein said grafted shel] i | ected fromthe _group
consi st néiqyrevea)manmreweﬁr kppwn M&%p@ymw@mﬁ s 35 Garpentmedifiers

least one galdAlfe Yrk@hicks with regard to their dispersibility or stability in the cement
formulation.

~ One method for attempting to overcome the problem of dispersibility was to use
polyvinyl alcohol as a protective colloid during the polymerization of the emulsion polymers
as tanght in Japanese Patent Application Number Hei 2-314117. However, the high viscosity
of the polymerizations (greater than 50,000 centipoises, frequently greater than 100,000
centipoises) render them difficult to handle, and the particle size of the polymers produced
(greater than 50 microns) were larger than the preferred particle size for cement modifiers.

Anocther attermpt at overcoming the problems associated with polymeric cement
modifiers was to add polyvinyl alcohol to the emulsion polymers and subsequently atomizing
the mixture. When polyvinyl alcohol is added to cement modifier emulsion polymers, there
is a tendency for phase separatibn. Also, the addition of polyvinyl alcohol to the emulsion
tends to impart poor rheology characteristics and prolong the open time of cement
compositions containing this mixture.

The present invention seeks to overcome the problems associated with known methods
for providing redispersible polymers.

In a first aspect of the present invention, there is provided an emulsion polymer
comprising a core and a shell grafted to said core, wherein said grafted shell is selected from



N ) .\\
‘sol ubl e pol ymer; We claim 1. An emul sion

dt@ﬂmcmmfgﬁmg l core and
a grafted shell, said grafted shell selected ffrom hdgaﬁro congji sting of
(a) at |east one graftable water-sol uble pol yjmé ’tea: ................ ofte graftable
al kali- soluble polymer; (b) at |east one §ubs gtober 1Bt

| east one graftable water-sol uble polymer grafted W|th at Ieast one
graftabl e al kali-soluble polyner; and (c) a conbination of (a) and (b). 2.
The enul si on pol yner of claim 11, wherein: 2the graftable water-soluble
polymer is polyvinyl alcohol. 3. The enulsion polynmer of claim1, wherein:
t he graft&li)l e aI kaI | -sol u ol e pol yner conprises, as polymerized units, (i)
aci d-func nhydr| de-functional nononer, salts thereof or a

combi nation theLen eas?%m%rhﬁbﬁ léi&fﬁnetg‘tamlaﬂlkaﬂ-%é eon
t he wei ght of e@e graftabfe a a%r- ?Ol pol ymer; (i1i) at |east onemSI

pol yf unct ipgRahe r?orrpound at a | evel of from 1to 25 percent by wei ght based
on the weight of the graftable alkali-sol ub]e pmépst hg le%f
one al kyl acryl(B) @tdasamwmtme lypes (comprising| &, least g ef&fﬂﬁg uble
percent b ht alkall-soluble

pol ymer . X’Tﬁ“ﬁ%%‘ﬁﬁ?‘i%’g %JQF %@ﬁﬁqlgm%%%%ﬁgﬁ t’he grafted shell
conprises fromgadto 50 percent by wei ght of the enul sion polyner. 5. An

aqueous enul sion, conprising: water and an enul sion pol ymer conprising a
core and a gr af(cka combination of @)g@ndibad shel | sel ected fromthe group
consi sting of

There is also provided an aqueous emmision, comprising: water and an emulsion
polymer comprising a core and a shell grafted to said core, wherein said grafted shell is
selected from the group consisting of

(2)  at least one graftable water-soluble polymer and at least one graftable alkali-
soluble polymer;

(b)  at least one graft copolymer comprising at least one graftable water-soluble
polymer grafted with at least one graftable alkali-soluble polymer;

and

© a combination of (2) and (b).

In a second aspect of the present invention, there is provided a method for preparing
an aqueous emulsion comprising emulsion polymerizing at least one monomer to form a core,
in the presence of a grafting polymer selected from the group consisting of:

(2)  at least one graftable water-soluble polymer and at least one graftable alkali-
soluble polymer;

(b) at least one graft copolymer comprising at least one graftable water-soluble
polymer grafted with at least one graftable alkali-soluble polymer;

and

(c) a combination of (a) and (b).

In a third aspect of the present invention, there is provided a graft copolymer
comprising at least one graftable water-soluble polymer grafted with at least one graftable



(a) at least one graftébl e wat er-sol ubl e pol yner

— - aftabl e
al kali - sol uble polyner; 19 (b) at |east one r%ﬁql«%ﬂiﬂ!‘m'sm rising
at | east one graftabl e water-sol uble polyner gr ed vvi,t% | east fone
graftabl e al kali-sol uble polymer; and (c) 9 ‘of--0f 3

o 6.
A method for preparing an aqueous emul si on CORBH-SIRI—ETRH 1-?9’9‘ ,&rgbi-’ﬂ ng
at | east one nononer to forma core, in_the presence of a grafting pol yner
sel ected fromthe group consisting of (a) at |east one graftable
wat er - sol ulalkalissl poymerat | east one graftable al kali- soluble polyner;
(b) at |east one graft copolyner conprising at | east one graftable
wat er - sol ubl e polyner grafted with at | east one graftable al kali-soluble

pol ymer; and (c) ﬁqﬁ:m i B . eﬂxf‘:mc d%ég .
wherein: the gra ta.aa e a ﬁt@sﬁaﬁmpo yér%g%l’ tchérrrepl}irbgggaé&aggpo yrr%arl e on
units, (i) compdfisingrosmentand theraqueous emulsioh ofithefpresent imvesitiomnoner, salts

thereof or a conbination thereof, at a level of from5 to 50 percent by
wei ght based on the weight of the graftable al kali-soluble polyner; (ii) at

wei ght basbd on PIRE raeR SRAMEDoRméts afy Fack polsbRotyibler B oS BhoaRle ot
(iii) at |emsd aggriftIsubstragd Adreanothep polBvdr, of chpable 4P béiag Patde 'oaty kndider

wei ght based on the wei %ht of the graftable alkal|-sol ubl e polyner.
polymer. Graftable water-soluble polymers useful in the present inventiont include water-

[{e»)

soluble versions of, for example, polyviny! alcohol, methyl cellulose, hydroxymethyl
cellulose, hydroxyethyl cellulose, hydroxypropy! cellulose, starch derivatives, poly(ethylene
glycol), poly(propylene glycol), poly(amino acids), other polycarboxylates, polyesters,
polyurethanes, polyols, epoxy resins, urea resins, phenolic resins and combinations thereof.
Preferred graftable water-soluble polymers are polyvinyl alcobol, hydroxypropyl cellulose,
poly(ethylene glycol), and combinations thereof. The most preferred graftable water-soluble
polymers js polyvinyl aicohol.

When polyvinyl alcohol is used as a graftable water-soluble substrate, the polyvinyl
alcohol preferably has a molecular weight of from 3,000 to 100,000, more preferably from
5,000 to 50,000. It is also preferred that when polyvinyl alcohol is used as a graftable water-
soluble substrate, the polyvinyl alcohol is partially or fully hydrolyzed, most preferably from
800 to 100 percent hydrolyzed.



REPLACEMENT SHEET

r-sol ubl e polyneriis
Dpieast.. -one..grafta

8. The met hod_of cIa|m6 ~wher.ein: the graftabl e wat
pol yvi nyl ali copol ynmer conprising &
wat er - sol ubl ﬂlﬁ”mﬁ @h with at | east one gra
pol'yrmer . 20 16. Ther grs copol ynmer of cPubstitgte gheetkt n13t0taolgeaﬂeal7l e
al kal i -sol ubl e poI ymer conprises, as polynerized units, (1) acid-functTonal
nmononer, anhydride-functional nononer, salts thereof or a conbination
thereof, at a level of from5 to 50 percegpg by weight based on the wei ght
of the graftable al kali-sol uble pol yner; %II i) at | east one pol yfunctional

conpound at_a |level of from1l to 25 percent by wei ght based on the weight
of the grafwalﬂ%I kal i -sol ubl e polymer; and (iii) at |east one al kyl

acryl ate o aIk net hacr ate at _a. evel of fr 49 tqQ 94 percent b
wei éht based y s“%g‘?"&ﬁé’%’ﬁﬂtcﬂ’é’l’&%& ?&Bﬁeémglal@g&h z@eﬂmaﬁm crél!! sailhe
graft copol 3L18ted frohe Ek?lsﬂﬂﬁ% bI e water-soluble polymer is
pol yvi nyl co ofﬁeulg IAtggmnt%cgﬁ%gl I on orrprl sing cenent and the
agueous errulsmr(a))f cmaemsnegxafmuemérqwmp i whd 8t JeRsTRnk geABRSAILAIRNS

conpri sing a& to a cenent conposition an ctive anount of t he
aqueous emiP "@%a|n18 11111111 111111 111111111111111

(b)  at least one graft copolymer comprising at least one graftable water-soluble
polymer grafted with at least one graftable alkali-soluble polymer; and
(¢)  acombination of (a) and (b).

2. The emulsion polymer of claim 1, wherein: the graftable water-soluble polymer is
polyvinyl alcohol. |

3. The emulsion polymer of claim 1, wherein: the graftable alkali-soluble polymer
comprises, as polymerized units,
| (i) acid-functional monomer, anhydride-functional monomer, salts thereof or a

combination thereof, at a level of from 5 to 50 percent by weight based on the weight of the
graftable alkali-soluble polymer; o

(i) at Jeast one polyfunctional compound at a level of from 1 to 25 percent by weight
based on the weight of the graftable alkali-soluble polymer; and

(iii) at least one alkyl acrylate or alkyl methacrylate at a leve] of from 49 to 94 percent
by weight based on the weight of the graftable alkali-soluble polymer.

4. The emulsion polymer of claim 1, wherein: the grafted shell comprises from 2 to 50
percent by weight of the emulsion polymer.

5. An aqueous emulsion, comprising: water and an emulsion polymer comprising a core
and a shell grafted to said core, wherein said grafted shell is selected from the group
consisting of

(@) atleast one graftable water-soluble polymer and at least one graftable alkali-
soluble polymer;



