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RREGCESS FOR PREPARI NG POLYMER EMULSI ONS AND POLYMERS FORMED THE The 4
present invention relates to processes for preparing polyner enul on&C e
pol yners formdd therefrom In particular, the present invention relates to
aqueous enul sion pol ynerization processes for preparing pol yner emnul sions
and emul sion polyners formed therefrom ¥ Enul sion polymer", as used herein,

refers to PROGCESS FOR PREPARING POLYVMER EMATBSIONS AND BOUYMERS

pol yneri zatron techniques. "Polyner enul sion”, as used herein, refers to an
aqueous conpokitijon having di mm.QMe pol yner particles

di spersed t hef ei As used herein, acrylate and nethacrylate are referred
to as "(neth)acryjate,” acrylic acid and nmethacrylic acid are referred to
as " (neth) acr Mg Rekdht inkBHtish QB1EA ¥o'BFceessEdBr §§eﬂ'&¥iﬂ_1§}5’ol3rrmé/19| ded

emul si on polynmers,” are known for use in several industrial applications.
The | it er einmisions andtpodymersroriied thexeframd In/particitlar,therpresenjdayentionhese
pol yners are often used in paint coatings, inks, .sunscreens and paper
manuf act uFEatesHo W@Hﬁle&ﬁ%‘wm&w&?ﬁeﬁ LPESRATIRE B@ lling a
cor e/ shel qﬁgk ' ?qgg(; boL fermed th&@lerqaRe or nore voids formin

t he interlé]cz)lr 0 ﬁ%%gdgr% SI onnbp ynmer particle. These voids contribute,
anong other things, to the opacity of coatings and filns prepared wth the
hol | ow enul si op_pol ymer. ~For some applications, it is particuylarl

desirable to ﬁM%ntMFgwwgt e%a?féﬁ@t%ﬁmf@t ﬁ‘?}}lgifx%ﬂﬁ'f”é? it is
desirabl e ' ﬁ%@d WM ﬁ'e‘éﬂﬁi have a high
perfornanggqé%gs[eﬁ#ga\?met?%gﬁe{ha |ng& onsi der ably toéitﬁﬁé wei ght of the paper.
2 Accordingly, it is desirable to provide |ightweight, |ow density

addi tives for coatings, such as voig d latex, particles. Voided |atex
particles can PRolymeyamulsignsay use &P@F&Fefﬁﬁ%aﬁﬂ&‘ég’ﬁ COHEPHIHPRG t hose
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particles, as described in the references noted above, are prepared by

swelling the core of a core-shell enulsion polymer. Som(al of the processes,
such As used herein, acrylate and methacrylaté are referred to as

"(meth)acrylate," acrylic acid and methacrylic acid are referred to as
"(meth)acrylic acid.”

Emulsion polymers, such as hollow or voided emulsion polymers, are
known for use in several industrial applications. The literature uses the terms
"hollow" and "voided" interchangeably. These polymers are often used in paints,
coatings, inks, sunscreens and paper manufacture. Hollow emulsion polymers
are generally prepared by swelling a core/shell emulsion polymer in such a way
that one or more voids form in the interior of the emulsion polymer particle.
These voids contribute, among other things, to the opacity of coatings and films
prepared with the hollow emulsion polymer.

For some applications, it is particularly desirable to minimize the weight
of the coating applied. For example, it is desirable for certain paper coatings
applications to have a high performance coating without adding considerably to

the weight of the paper.



as that described by US. Pat. No. 5, 360,827 describe the processes whereby,
Jn the |atter stages of polynerizing the shell, nononer is added to
facilitate diffusion of base into the core of the polyner in order to

achi eve swelling. Then, the pH of the emuysion is adjusted with a

ear boxyl -group contai ni ng nononer which is subsequently polynerized.
However, this prAacesdingly,tit issdesirablertoprevide dightweight, émden?rlw sdditivese

| i ght wei ght, enul si on ynmers, .l resent invention seeks to overcone the
defi ci enci QT FORLIRES, i%d@?%ﬂgﬁﬁpma%ses by providing | ow density
voi ded enul sion polyners and a process for preparing them In a first
aspect of the present invention, there is provided a process for preparing

emul si on pol ynerVgided latexparticiesicanrts prepaped by dinyppfaevernl doosveprdcessn of
i) multi-stage enulsion_pol r, C rji.sin e, s pql nd a
shel | st agdngmding ,°%mr%g§%scg’gg ?%9£4%6§3ﬁef’4§g%§8r gﬁ% ’

pol yneri ze | r t 0 f ' h ,ght of
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nmononer, al’ldtélx“pamiblé.?a%Edqlsefib@dhﬁnbhemfgg&nc;esmwahwh ld,lagepie?@mddiythe .
core stage polynmer, of at_|east _.one nopi,oni c, nonoe enica unsat urate
rmnorrer;garﬁgve 1 8%@9@#%%95?1@]19@%@@8%' é@%ﬁr"?é@;?r SBRS: $HER | zed
units, at |east ' O Gt | :
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vei ght bas efieqattiel Sta@isBtpolymetieing it stelh gforvihibsiseided! torfacilitated i)

swel I ing agent under conditions wherein there is no substantial .

pol yrer i zatdiffusion ofthasedntothe carrefishe pelymaenin ender te pehiege sweling: Thenat
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mul ti stage enulsion is |less than . )
and does not result in suitable lightweight emulsion polymers.

The present invention seeks to overcome the deficiencies in the previously
known processes by providing low density voided emulsion polymers and a

process for preparing them.

In a first aspect of the present invention, there is provided a process for
preparing emulsion polymer particles comprising:
a) providing an aqueous emulsion of
i) multi-stage emulsion polymer, comprising a core stage polymer
and a shell stage polymer,
wherein the core stage polymer comprises, as polymerized
units, from 5 to 100 percent by weight, based on the weight of
the core stage polymer, of hydrophilic monoethylenically
unsaturated monomer, and from 0 to 95 percent by weight,
based on the weight of the core stage polymer, of at least one

nonionic monoethylenically unsaturated monomer; and



0.77 grans per cubic centineter ("g/cc") when the swollen nulti-stage

emul sion polyner has a particle size below 275 nanoneters ("nni'); |ess than
0.74 g/ cc when the swollen nulti-stage emul sion polyner has a particle size
of from275 to 500 nm |ess than 0.59 g/cc3when the swollen nulti-stage
enul sion polyner has a particle size of from501 to 750 nm |ess than 0. 46
g/ cc when the swol | en nulwhereih #he shell lstagenpglymeraoniyrises, papolymerizadze of
from 751 to 1300 nm. The stages .of the nulti:stage goégma,rs,of t he present
i nvention include core st3Rids, 1ot 0Q percent by sveight afibemiopic st age pol yner
(the "shell™). The core némgied:{%tlﬁgﬁﬂr&?éd%n%wi sed, of nore than
one stage. There nmay al so be oné or re rntermedi ate stages. Preferably,
the nulti-stage pol yiipmewotiney aics level of at leust 003 percedt dyewéight basedion the
shell. The cores of the_nulti-stage polyners of the present invention are
enul si on pol yners co ioh ghe tage emylgionpelymer; 5 to 100 percent
by wei ght, based on & es»a{l% tarﬁ%fntt he core, of at |east one hydrophilic
nonoet hyl eni cal | y urnisatura nonmer and fromO to 95 percent by weight,
based on the wehhddr &nditiéns #bersibaherd yoeubstantill pobanérieation ofitleni C
nonoet hyl eni cal | y unsat urat ed nononer. Cores containing at least five
per cent bymsepgier; abdsed on the total weight of the core polyner, of at

| east one hydrophilic.n epi cal | r will generally
result in a suitaBfe g8 Eggth%?ellg%q oﬁg‘?r%ﬁgggea%%g'&%}%gﬁénces wher ei n,
because of the hydrophobicity of certain conobnoners or conbi nations thereof

in conjunction with the hydrophobic/hydrophilic balance of a particular
hydr ophi | i ¢ nonbxesecartbaspest bf the prespnbinvention; theys isiproeled amagueons han

fi t. b i ght, based t he total wei ght _of fh . pol f
ot 1+ Boly e S dbion BaREGsGk wifer i dewtfied ulblortads SSRGS p Ry '
conpri ses, whsrdif thetiryARflk @ankRy of YHE 8RVIlbh tniRDSRideVd R ision isy 1e56 thax at ed

nononer at a level of "'from5 to 100, nore preferably, from20 to 60, and

nost pr ef e0 .46 granis pen Gthic certtimeterc@gicchywhes the swaben nvwlti-stage emulsion ght
of the core., The ,hydrophi.l, c.car r_may, be jmadg i.n_ a.singl t age or
step of th%"lé’@cﬁ}'et}%si %P%%ﬁﬁmxwm%}@%%ﬁ@%f
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i nvention contenplates a core polyner wheréin at |east one hydrophilic
monoet hyl e50@ ad;yless $hank§® ¢/coovimmethd swelddty nuiliizstdgeleomadsion palymenthaseast
one honi Onzli %arna %estigg lof E'Iofna%é)ilto 750 nm; less than 0.46 g/cc when the swollen multi-

stage emulsion polymer has a particle size of from 751 to 1300 nm.

The stages of the multi-stage polymers of the present invention include
core stage polymer (the “core”), and shell stage polymer (the “shell”). The core
and shell may themselves be comprised of more than one stage. There may also
be one or more intermediate stages. Preferably, the multi-stage polymer

comprises a core, an intermediate layer and a shell.

The cores of the multi-stage polymers of the present invention are
emulsion polymers comprising, as polymerized units, from 5 to 100 percent by
weight, based on the weight of the core, of at least one hydrophilic
monoethylenically unsaturated monomer and from O to 95 percent by weight,
based on the weight of the core stage polymer, of at least one nonionic

monoethylenically unsaturated monomer.



unsat urated nononer. This process al so contenplates, and includes in the
term "hydrophilic nonoethyl enically unsaturated nononer," the use of a
nonpol yneri ¢ conpound containing at |east one carboxylic acid group which
absorbed into the core polyner before, during or after the polynerization
of the hydrophobic shell polyner as a rgplacement for the hydrophilic
nmonoet hyl eni cal | y unsaturated nmonomer in the hydrophilic core polyner,

d bed U.S. Pat. 4,880 | n addit t It
and. | el udes | GOTREIRERAIR gh eAsh OVP GereRRIIeLEht, BRFo O SR toidl 3 f@a"" cs
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5, 157, 084 Sui t abl e ydr ophi l'i c_nonoet hyl enj cal | y unsaturated nonomner
useful f omshangesgvhereimdies apse gfithe hyrbqoabe e rficaytadn comonpmeRs 8F ur at ed

nononer s | -fune [ [ at
| east one o&&%ﬁtﬂg @é “p HE théé’?@? %@E@g&g@}ﬁhgﬁaﬁﬁa@?d
acryl oxyps pafiealar Wplﬁi@ﬁtﬁbﬁ&ﬁdf Cth}él%bpﬂyﬁibrcma? ibé, sulitalp prépBeddwith
aconitic acid, maleic acid or anhydride, fumaric acid, crotonic acid,
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acids, such as benzdic acid, mtoluic acid, p- chl or obenzoi c acid

o- alce':1 oX ylnenouier at:adlev&lﬂlfmm 5etoi 100, s?m(prefembb’ ﬁnm&@cﬁﬁ(ffﬂa@md,mgst i
Y ke S PR o 45t BeHAnE b wielt BaSd Gty ol WiERE S5 81 o ng

the hydr%%h?refé:;gﬁﬁceew e&% %e%xaéﬂeaﬁn@%ts@xé §f¥fe?r5¥th@ met hyl

styrene, tyrene,” vinyltoluene, ethylene, V|ny acefate, vinyl

chl ori de, sequaphadignlyméﬂumhdnprmhé ma@el hmatplui'ai;ty(aﬁstépsamgelqalende
(derr]-Cerr]) alkyl or (CJerr]- (Jerr]) alkenyl esters of (nmeth)acrylic
acid, such as nethyl (rret h)acryl ate, ethyl (net h)acryl ate, butyl

(et h) acryl at ‘éw ?{n\élr t
hydr oxypr opyl ?Fr%%ﬁ?ncr yl gé)élm enz ot t h) acr? ate, X'ﬁg%ﬁ‘ rrﬁe{%eh) aﬁ%lﬁt e,
ol eyl (ne¢drgpolyphet whepeinnat lelast one hydrophilic monoethylemcaﬂy unsaturated

monomer is polymerized alone or with at least one nonionic monoethylenically
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unsaturated monomer. This process also contemplates, and inciudes in the term
"hydrophilic monoethylenically unsaturated monomer,” the use of a
nonpolymeric compound containing at least one carboxylic acid group which
absorbed into the core polymer before, during or after the polymerization of the
hydrophobic shell polymer as a replacement for the hydrophilic
monoethylenically unsaturated monomer in the hydrophilic core polymer, as
described in U.S. Pat. 4,880,842. In addition, this invention contemplates, and
includes in the term "hydrophilic monoethylenically unsaturated monomer,” the
use of a latent hydrophilic core polymer which contains no hydrophilic
monoethylenically unsaturated monomer but which is swellable upon hydrolysis
to a hydrophilic core polymer as described in U.S. Pat. 5,157,084.

Suitable hydrophilic monoethylenically unsaturated monomer useful for

making the core polymer include monoethylenically unsaturated monomers



(meth)acrylate, stearyl (neth)acrylate and the |ike. The core, whether
obtained by a single stage process or a process involving several stages,
has an average particle size of from50 nmto 1.0 mcron, preferably from
100 nmto 300 nm dianeter in unswoll£n condition. If the core is obtained
froma seed polymer, the seed polyner preferably has an average particle
si ze of i:ontmﬁingmmdefuﬁcﬁonmhtmihm monamears sontmmnmat least one a| n I ess

nggdZSnperceni‘Pa%&‘x\\g{iht%ru ferablﬁ fr. ééto .3 centlb

nonomner, % r rect |y
proporti o%ﬂf to t @qui aicf)lﬁ}:cgﬁﬁogohx e%?%g)ﬁ%mtcﬁéé%%gir:at ed
nononer  aahydride, ﬁhhanc\mrdjs:ro’mmd bmd,r nioabmahylmaieatef moponosthiyl | ¢ nononer

increases, it is accept e to incre e | eve], of, pol yeth Ien cal |
unsat uratfﬂﬂlaﬁﬁ%l%?m%?&é’ | piacPnate an i}?r@ 0.1
to 60 perg éé}ﬁf_ﬁ)@l ght, based on the t ot aI vvel ght of the core poI ymer, of
but adi ene. € polyethyl enically unsaturated nononers include

conononer s cont aining at |east two addition polynerizable vinylidene groups
and are al pha beta_ethyl enically unsaturated nonocarboxylic acid_ esters of

pol yhydri c al Ssmkable aghpalymeric compeunds containing agleastcananashexylis aidude
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di acryl ate an | et hyl ene gl'ycol | acryl at e; 3-gl ycerol

di met hac raycichtaeela:ic acitl; Sebatm hgaﬂpbetanomamd,cbychﬁmngbabexylic acid, lauric
1, 1-trinethyl et hane | at e; erythritol trinethacryl ate;
1, 2, 6-he PR‘?‘% ]gp %@dﬁ% fet hacryl ate; net hyl ene

bi s-acryl am de nmet hyl ene bi s-net hacryl ai de, divinyl benzene, vinyl

met hacryl ate, vinyl crotonate, vinyl acrylate, vinyl acetylene, trivinyl
benzene, tri aiSujtably apuicatie malioethylenivaliyyesaturatedimyhomeifoe makmg" gnyl

111 it e A o S o
di L;LPZLgﬁ%ﬁ\sf BT, POl e Py Byl b i) Bhtbice,
nonodi CYGﬂlﬂﬂQdén%rbﬁloﬁﬂb,eﬁﬁeth%érylo:ﬂﬁEH gmeth)atiylhmide, (C,-C,y) alkyl or (Cs-
C,p) alkenyl esters of (meth)acrylic acid, such as methyl (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate,
hydroxyethyl(meth)acrylate, hydroxypropyl(meth)acrylate, benzyl
(meth)acrylate, lauryl (meth)acrylate, oleyl (meth)acrylate, palmityl
(meth)acrylate, stearyl (meth)acrylate and the like.

The core, whether obtained by a single stage process or a process involving
several stages, has an average particle size of from 50 nm to 1.0 micron,
preferably from 100 nm to 300 nm, diameter in unswollen condition. If the core
is obtained from a seed polymer, the seed polymer preferably has an average

particle size of from 30 nm to 200 nm.

The core may also optionally contain less than 20 percent by weight,
preferably from 0.1 to 3 percent by weight, based on the total weight of the core,

of polyethylenically unsaturated monomer, wherein the amount used is



unsat urat ed nono- and di carboxylic acids having term nal ethylenic
unsaturation including allyl nmethacrylate, allyl acrylate, diallyl naleate,
diallyl fumarate, diallyl itaconate and the like. The nulti-stage polyner
of the present invention preferably contains an internedi ate stage. The
tnternmedi ate stage pol yner, when preser?t, partially or fully encapsul ates

the core @@ﬁefdnﬁhﬁpf@dmlyadﬁéeggr%i@b}ﬁioﬁml @h&Entof Kytfrophilic Shel | .

The internedi ate stage_ is prepar y conducting an enul sion polynerization
in the prasenneshyleni¢ally unsaturated monometivsed; in atherpwerfds; abithe celativens, as
pol ymeri zed_uni t fro .3 to 20, .nore preferabl om0.5 to 10 percent
by wer gt Soaiit PEhydeRBhilic mRodet iRgeasse 1t BracipBiabIa 1o tiree yel

monoet hy| ¢ivahylenitIns ﬁh@éﬁﬂaf&”ﬂﬁﬁéme{h%lgéjﬁgﬁ%ng‘} 3he cggegg%g:a%%ﬁ%%bg% O

contains, "as polynerized units, from80 to e pr
99. 5 per cenntdin gﬂhghil,to (6Qpedcent ishweiglitgbaset on ke totabweightadfthetcage, of
at | east onf noan? i% a}benoet hyl eni cal | y unsaturated nononer. The

hydr ophi | POYTBFG %@ C&t | y unsat urated nononers and the noni onic

nonoet hyl eni cal | y unsaturated nononmers useful for making the core are also
useful for making the internediate |ayer. The shell of the multi-staged
pol ymer of thi Suitabdepolyethylenivallyrumbattiratedenohomers ineludeco@oigmérsom 80

to 100, preferably from90 tq.100, percent hy weight, based on the_total

wei ght of PR pt {eeﬁtévw O%H@Ymmﬂeh ewﬂyngenpeamwrsr@mr at ed
nmononer . falal] gq{i&g% ' It for
the core Er@ga g@&g@i&ﬁl bl'e l?)frgt?ﬂg? (g‘LJg yrg@&l@%‘*g?gf@&g&&?ﬁz%ﬁ I

may al so comtaihing 2% extey groupse Guchi dotnordmersintindeQalkpleabsipddly from 0 to
10, percent by. wei ght hased on_the weight of the shell, of one or nore

monoet hyl| @¥lates Gﬁééi%h@@ymm mm@emimgmdﬁamﬁeor
L A
aconi ti c giyodl disdrelate peopylefi@ighyicol dideydlait andftvigehylenaglybol Cr ot oni ¢ aci d,
nmononet hyl__mal eate, nononet hyl fumarate, pononethyl itaconate and the |iKke.
Acrylic aSimetindaesylates 1y3-glycaraldimeshagryiate; b4, 1-rimethylohprepansed and t he
relative gERRAKddrdte! 161 $Rkich kbl tREhS diacrylate; pentaerythritol

trimethacrylate; 1,2,6-hexane triacrylate; sorbitol pentamethacrylate; methylene

bis-acrylamide, methylene bis-methacrylamide, divinyl benzene, vinyl

methacrylate, vinyl crotonate, vinyl acrylate, vinyl acetylene, triviny! benzene,

triallyl cyanurate, divinyl acetylene, divinyl ethane, divinyl sulfide, divinyl

ether, divinyl sulfone, diallyl cyanamide, ethylene glycol divinyl ether, diallyl

phthalate, divinyl dimethyl silane, glycerol trivinyl ether, divinyl adipate;

dicyclopentenyl (meth)acrylates; dicyclopentenyloxy (meth)acrylates;

unsaturated esters of glycol monodicyclopentenyl ethers; allyl esters of a,B-

unsaturated mono- and dicarboxylic acids having terminal ethylenic

unsaturation including allyl methacrylate, allyl acrylate, diallyl maleate, diallyl

fumarate, diallyl itaconateé and the like.

The multi-stage polymer of the present invention preferably contains an
intermediate stage. The intermediate stage polymer, when present, partially or
fully encapsulates the core and itself is partially or fully encapsulated by the



shoul d be such that it is perneable to an aqueous or gaseous vol atile or
fixed basic swelling agent capable of swelling the core. Mononeric m xtures
for 8 making the shell preferably contain fromabout 0.1% by weight to
about 10% by wei ght, based on the total weight of the shell polyner, of an
aci d-functional nonoet hyl enically unsafurated nononer. Preferably, the

proportion,Q | d=_.functional manoet hyl eni cal | nsaturated nononer in the
shel | pol fh’gf’l g’@bes%fmg B4 a(ﬁ‘?é-slpﬁ?l?%mﬁﬁg’ MeAP FWé’ﬁ%‘B? in the core
pol yner. LapymesizaiieR ifithe prékchdd of tk'édrenonoet hyl eni cal Iy unsaturated
mononer in the shell polynmer may serve several functions: (1) stabilizing

of the final nmulti-stage enul sion polyner; (2) assuring perneability of
the shell to a,gwellin nt: and (3).,,conmpatibilizing the shell_wth_the
previously for ’é’[‘%’&geégg‘f ﬁ’l@gﬁﬁr’?&%@@@ » 7 POLTIeRzed BRIt Eam@dei n,
the term 4 ' | ' ! : ' |
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produced” refers to polyners (includ onopol yners and copo
are preparhe core, afjat deast ondihydréphilic mondethpleniedlismensatarad ponomes. i n t he

presence the di spersed pol r.particl]es of previ ous|ly forned emul sion
pol yner sﬁ&?@’t”%ﬁ?‘n? t%?@éécﬁ}ég’;ab r GARGRS, A8 PO RET W@f%"%@@é‘ased in
size by d o § 4 | i § re
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di sper sed thainterhmaiate sthge,wfat deast dnemoronic mohouthylenicallyrensauatid al
enmul si on polyneriz 12319 w t.h. which the present invention is concerned, the
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product of a single stag st on polyneriza
enul si on aoé wlsrustifapforhakingitheiintaneddisfeclagesl of any subsequent stage

except the final stage of the sequential polynerization. Thus, a
hydrophilic core polymer which is herein intended to be encapsul ated by one
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emulsion polymerizing from 80 to 100, preferably from 90 to 100, percent by
weight, based on the total weight of the shell, of at least one nonionic
monoethylenically unsaturated monomer. The nonionic monoethylenically
unsaturated monomers suitable for the core are also suitable for the shell.

Styrene is preferred.

The shell may also contain, as polymerized units, from 0 to 20, preferably
from O to 10, percent by weight based on the weight of the shell, of one or more
monoethylenically unsaturated monomers containing acid-functionality for
making the hydrophobic polymer shell include acrylic acid, methacrylic acid,
acryloxypropionic acid, (meth)acryloxypropionic acid, itaconic acid, aconitic acid,
maleic acid, maleic anhydride, fumaric acid, crotonic acid, monomethyl maleate,
monomethyl fumarate, monomethyl itaconate and the like. Acrylic acid and
methacrylic acid are preferred.

The monomers used and the relative proportions thereof in the shell
should be such that it is permeable to an agueous or gaseous volatile or fixed

basic swelling agent capable of swelling the core. Monomeric mixtures for



9 The nmethod of this invention contenplates that the core, the internedi ate
stage, the shell, or any conbination thereof nay be made in a single stage
or step of the sequential polynerization or may be nmade by a plurality of
steps in sequence follow ng the polynerézation. The first stage of emul sion
pol yneri zation in the process of the préesent invention may be the

pr epar at i onaking ti:eesheﬂm@:;eﬁuabipnﬂmﬁam fions abblt 0i196 by yeeighdty aboutp%iby! es
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wat er - sol ulfunctiord menoethlylénicdlipunsatidatéd monetheriintthe shellgwlgmefdoss on
pol yneri zati on. SUI t abl e &/aber soluble free radical injtiators include
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prevzously formed emulsion polymer such that the previously formed emulsion

polymers are increased in size by deposition thereon of emulsion polymerized
product of one or more successive monomer charges introduced into the medium

containing the dispersed particles of the preformed emulsion polymer.

In the sequential emulsion polymerization with which the present
invention is concerned, the term "seed" polymer is used to refer to an aqueous
emulsion polymer dispersion which may be the initially-formed dispersion, that
is, the product of a single stage of emulsion polymerization or it may be the
emulsion polymer dispersion obtained at the end of any subsequent stage except
the final stage of the sequential polymerization. Thus, a hydrophilic core
polymer which is herein intended to be encapsulated by one or more subsequent
stages of emulsion polymerization may itself be termed a seed polymer for the

next stage.
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initiator is preferably from 0.01 to 3percent by weight, based on the total amount

of monomer and in a redox system the amount of reducing agent is preferably
from 0.01 to 3 percent by weight based on the total amount of monomer. The
temperature may be in the range of about 10°C to 100°C. In the case of the
persulfate systems, the temperature is preferably in the range of 60°C to 90°C.
In the redox system, the temperature is preferably in the range of 30°C to 70°C,
preferably below about 60°C, more preferably in the range of 30°C to 45°C. The
type and amount of initiator may be the same or different in the various stages

of the multi-stage polymerization.

One or more nonionic or anionic emulsifiers, or surfactants, may be used,
either alone or together. Examples of suitable nonionic emulsifiers include tert-
octylphenoxyethylpoly(39)-ethoxyethanol, dodecyloxypoly(10)ethoxyethanol,
nonylphenoxyethyl-poly(40)ethoxyethanol, polyethylene glycol 2000 monooleate,
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deposi t ed hydrdxyalkahels) tetvaspdinmiN-(i2adicarboxysethiyl)-N-

octadecylsulfosuccinamate, disodium N-octadecylsulfosuccinamate, disodium
alkylamido polyethoxy sulfosuccinate, disodium ethoxylated nonylphenol half

ester of sulfosuccinic acid and the sodium salt of tert-
octylphenoxyethoxypoly(39)ethoxyethyl sulfate. The one or more surfactants are
generally used at a level of from 0 to 3 percent based on the weight of the multi-
stage polymer. The one or more surfactants can be added prior to the addition of
any monomer charge, during the addition of a monomer charge or a combination
thereof. In certain monomer/emulsifier systems for forming the shell, the
tendency to produce gum or coagulum in the reaction medium may be reduced or
prevented by the addition of about 0.05% to about 2.0% by weight, based on total
weight of the shell polymer, of emulsifier without detriment to the deposition of

the polymer formed on the previously formed core particles.

The amount of emulsifier may be zero, in the situation wherein a

persulfate initiator is used, to 3 percent by weight, based on the weight of total
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of the nmulTti
several million molecular weight. When 0.1% by weight to 20% by weight, based

on the weight of the monomer, of a polyethylenically unsaturated monomer

mentioned hereinbefore is used in making the core, the molecular weight is
increased whether or not crosslinking occurs. The use of the polyethylenically
unsaturated monomer reduces the tendency of the core polymer to dissolve when
the multistaged polymer is treated with a swellant for the core. Ifit is desired to
produce a core having a molecular weight in the lower part of the range, such as
from 500,000 down to as low as about 20,000, it is frequently most practical to do
so by avoiding the polyethylenically unsaturated monomers and using a chain
transfer agent instead, such as 0.05% to 2% or more thereof, examples being

alkyl mercaptans, such as sec-butyl mercaptan.

The weight ratio of core to the intermediate stage, if present, is generally
in the range of from 1:0.5 to 1:10, preferably in the range of from 1:1 to 1:7. The
weight ratio of core to shell is generally in the range of from 1:5 to 1:20,



stage emul sion polyner, nononmer and swelling agent under conditions wherein
there is no substantial polynerization of the nononer, we can enhance the
extent of swelling of the nmultistage enul sion polynmer. There are nmany neans
for providing that no substantial pol rization of nmononer is occurring,
tncluding the addition of one or nore pol ynerization inhibitors, the
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enul sion polyner, it may be separately added, or a conbination thereof.
Preferably, the nmononer is nonionic . . .
The multi-stage emulsion polymer is prepared by sequential emulsion

polymerization, which, as discussed above, includes charging the monomers
which form the shell. At, or near, the conclusion of charging the monomers
which form the shell, the contents of the reactor include the multistage polymer,
water and unreacted monomer. Under the conditions of an emulsion
polymerization, there is also an appreciable free-radical content, or radical flux,
which keeps the polymerization process going. Even if no additional monomer or
initiator is added, there is an appreciable free-radical content in the system.
When there is no appreciable free-radical content, in other words, when the
radical flux is very low or approaches zero, then no substantial amount of

polymerization will occur.

We have discovered that this free-radical content interferes with the
extent of swelling which can be achieved. Previously known processes typically

achieve swelling by adding a suitable swelling agent in the latter stages of
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virtue of them terminating, cooling the contents of the reactor to limit the

reactivity of the free-radicals, and combinations thereof. A preferred means
involves the addition of one or more polymerization inhibitors such as, for
example, N, N-diethylhydroxylamine, N-nitrosodiphenylamine, 2,4-
dinitrophenylhydrazine, p-phenylenediamine, phenathiazine, alloocimene,
triethyl phosphite, 4-nitrosophenol, 2-nitrophenol, p-aminophenol, 4-hydroxy-
TEMPO (also known as 4-hydroxy-2,2,6,6, tetramethylpiperidinyloxy, free
radical), hydroquinone, p-methoxyhydroquinone, tert-butyl-p-hydroquinone, 2,5-
di-tert-butyl-p-hydroquinone, 1,4-naphthalenediol, 4-tert butyl catechol, copper
sulfate, copper nitrate, cresol and phenol. When used, the polymerization
inhibitors or reducing agents are added in effective amount to substantially stop
any polymerization, generally from 25 to 5, 000 parts per million (“ppm”),
preferably from 50 to 3,500 ppm based on polymer solids. Preferably, the
polymerization inhibitor(s) or reducing agent(s) are added while the multistage

polymer is at or below the temperature at which the shell was polymerized, most



substanti al polynerization occurring. Under these conditions, swelling is
generally conplete within 30 mnutes, preferably within 20 m nutes, nost
preferably within 10 m nutes of adding the one or nore swelling agents. The
core polymer of the multistage enul sion polyner swells when the core is
subj ected to a basic swelling agent thd# perneates the shell to at |east
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of the core into the pores of the inner periphery of the shell and al so

partial enlarg [ I ﬁ:r@ @QJQ- . ' .ele
overall. Wen ?ﬁgﬁéﬁ:@kﬁﬁﬁ%&%gﬁew stlLr po%h?géfﬁg%? E)§ru|B g{c#d 1:&i/alt er

and/ or swgidlymerizgtion of monemershceburting ban benfiy ale megiots obHthd Mensuiaks en

mul ti stage enul si on pol rreg t he corf tends to shrink and_a void devel ops,
the extent% Wﬂréﬂa%ﬁglﬁﬂ the staees ef thesmultistageolymer.<@d one 05 meret or at i on

Lo 11 PratibAbihels Gther thahhded fsd EFhAIANE 8r0 o RE BUEL o tARWRNMMRGS OF1 1

to its previous size Is Critllca nmnrmzrng

swol | en mydlymieagsr @ii)¢arhbinagiong therecf®refepably, Aibriimdr Freeohtat SsdH fifhel N

expansi on ,of the shell_ also. As the size of the shell is restored to its
previ ous dfPae orpeore of the momemers ysed korprepere the shell.dSuch amnomertmayther e,

t i ni mi ' ' fed hel |, i t . th b
maxi m 21 o rRacisonERbpbg b blerifnd LR piiptclgd RrndeioR P RRE B R S o
This can hseparsieiphddéd; brisycomblinaition theeedfD Fratirabhy the nhdndnteR ndmeslct hat
t he presence of nononer is helpful in facilitating the swelling of the

mul ti st agenpeemasr Nopsenip mongmey ismrefarred hecansesanidfunctiotial gnonomens

t t | nbi nat i h f . Ho th

of “monorre ™ eB4EPHirAERSd By 8 seEIGRE PRk s TheSe Seneraliaty SSoreeR Hieve e
dry bul k diiffidulytdferhée Bypblyeieriitids ! PosfefiBlythe flemlor%fdnonfﬁcgegéﬁwl Y,

after swelling the mltistage enul sion polymer in the é)resence of both
nononer aréd, enafter provdding thatino suhstantiabpelymerizadioneofithondémeris ofcurmingner

to | t 10,00 ferably.to,l t han 5, 000 based |
sol 1 ae. TPt 1 SR Bles s RER Sy ReaiBte pRonen e BRERE: aoi v Lhe
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It is also necessary to use one or more swelling agents. Suitable swelling
agents include, are those which, in the presence of the multistage emulsion
polymer and monomer, are capable of permeating the shell and swelling the core.
Swelling agents may be aqueous or gaseous, volatile or fixed bases or
combinations thereof.

Suitable swelling agents include volatile bases such as ammonia,
ammonium hydroxide, and volatile lower aliphatic amines, such as morpholine,
trimethylamine, and triethylamine, and the like; fixed or permanent bases such
as potassium hydroxide, lithium hydroxide, zinc ammonium complex, copper
ammonium complex, silver ammonium complex, strontium hydroxide, barium
hydroxide and the like. Solvents, such as, for example, ethanol, hexanol, octanol
Texanol® solvent and those described in U.S. Patent 4,594,363, may be added to

cd



reduced by pol ynerizing the nmononer. This can be acconplished by any

Sui tabl e neans, such as by adding one or nore initiators such as those
recited above. It is preferred to begin to reduce the |evel of nonomner
within 20 mnutes, nore preferably withén 10 m nutes, of adding the one or
mmore swel ling agents. The process of the present invention is capable of
produci ng aidoin Sxedott pérmab@fich A enetratiAl. Y AR omia\d iilamioni@VhPidkide
density. Swollen emulsion nmulti- stage polyners having an a particle size
bel ow 275 #%f p¥etemredpr epared with a dry bulk density of fromo0.30 to 0.77
g/cc, preferably fromO0.35 to 0.76 g/cc, nost preferably fromO0.40 to 0.75
g/cc. Swollen enulsion nulti-stage polyners having an a particle size in
the range of frWheAAryir} & RaRkithizath ook if y of
fromO0.30 to 0.74 g/cc, preferably fre(?r}ﬁﬁéo 35 s?f)&l%h%ﬂtﬁ‘iﬂiéfeﬁ&bﬁslgtgrﬁgfhé ably
from 0. 40 mﬁormrg,swlanﬂm mddedmﬁmlmvnhngehmnqmbstahmlng an a

particle SI e |n the rqaﬂntge of from501 to,¢50 nm can, be repared wth a dry
17 bul k de oRgmerisPecyrang. The amanat of swelingneent candesg
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pol yrrers having an a particle size int nm can
be prepar emewtiralization pf the ¢orde Rreferably, the anfoudd of swelliifig agemt, isfinether abl y
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produced he net hod of the present |nvent|on are useful_in coating

conposi ti 1§ R e m&amep smultigtagesmulsion p ﬂgmemﬁ@tm ded
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are added. pdiyfierizabionventirgafigly rsisvellm’gtxs %bﬁéraﬂIyO%ﬁ%iﬁE}éni @dept hod of

this i nvent ion inpart opacity to aqueous coating conpositi ons such as
pai nts, tccomditiens ﬂ%@leﬁaf@datsmramm theipresence of mapomerpadab as f ol | ows:
A 5-1i ter,
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grams, Wasgeiiédally combpléte pithire3@ tinieed, PdefePably within 20 minutes, most
preferably within 10 minutes of addmg the one or more swelling agents.

U

The core polymer of the multistage emulsion polymer swells when the core
is subjected to a basic swelling agent that permeates the shell to at least
partially neutralize the hydrophilic-functionality of the core, preferably to a pH
of at least about 6 to at least about 10, and thereby result in swelling by
hydration of the hydrophilic core polymer. The swelling, or expansion, of the
core may involve partial merging of the outer periphery of the core into the pores
of the inner periphery of the shell and also partial enlargement or bulging of the
shell and the entire particle overall.

When the swollen multistage emulsion polymer is dried, water and/or
swelling agent are removed from the central region of the swollen multistage
emulsion polymer, the core tends to shrink and a void develops, the extent of

which depends upon the resistance of the shell to restoration to its previous size.



86[err] C under a nitrogen atnosphere. A nononer enul sion (ME) was prepared
Dy mxing 720 grans of deionized water, 6.5 granms of sodium

dodecyl benzenesul fonate (SDS, 23%, 10.0 granms of nethacrylic acid, and
780.0 grans of nethyl nethacrylate. Fromthis ME, 164 grans were renoved
and set aside. To the remmining ME wasgadded 71.2 granms of SDS (23% and
510 grans of nethacrylic acid. Wth the kettle water at 86[err]C, a m xture
of 160 grmsmésidﬂimicife}ie\shehmestbﬁnglgseiﬁmii‘spSé)ﬁo@QS%e,isaniﬁcaM@' grams of

emoveq | ABAEREDE e i1y Lk deoits ok Abh FWALIR ABltstage RSSO ROTRSE i o

per sul f at em| d tle.
The conten sen%)f%%ﬁ%gﬁgé{ ﬁeecov\rg %gs S é| ﬁﬁr]éeﬁ%%gf %ﬂlﬁ%l?eelg gﬁ%ﬁ éA ér)%HHJI;lﬁ ﬁig ﬁg ME
was then fthe shelltibeesdtoréd to ity previohswizepthie dry balk déndityf morédsesAlltés t he

conpl etion of the nongmer feed, the sper si on el d at [ C for 15
m nutes, c¢issirable, th mf@ter]t@nanynﬁe@@%e%tw L gﬁm‘lﬁﬂ

fil d 0
part i ol e Seoeeh e phabliifhg iR oy bl deaiey 87 iRl ‘f”ﬁ&n?ﬁ‘?ﬁt&@a&“ A
S-liter, fopmilsiral§merund bottom flask was equi pped with paddle stirrer,

therrmrreter nitrogen inlet, and reflux condenser. Deionized water, 1760
grans, was added to the kettle and heated to 86[err] C under a nltrogen

h . |
gteimc))?\!ozgcrjewaf\er ng%ﬁw_lg %%E%y %gg?iﬂ‘?}?‘ﬁ%gxi‘fz% a emark
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met hyl nethacrylate.. Fromthis Mg, 164 granms were renoved and set aside.

To the remailtistgge/polymer achather by péamzmg theshelle pidingdn 1be tranfposti 0

760 gr ans GOt bt Sl o8 2 spmipinaton Shtgech et b sthince ofnPhiinti o,
the ME re@ﬁ%w&xﬁie%’ﬁﬂﬁﬁeh%}h@'to'\ﬁmﬁhﬁhé%W%ﬂaﬂg’aﬁdfﬂxiﬂxﬂﬁﬁe the &rpballans of

sodi um persultfate in 40 grans of deilonized water were added to the kettle.

The cont er&amsmy dfttbe lswtollen mnltestage emaUsioorpal gmer n deeardingly, a&nasweﬂgnng

th f t 0,.t kettl t t h
Conpl ot | oriB8AEHsHeEn SHUHSOBAPLET i LhE Peaen LAt Boppriss dad ty ik
m nut es, h%%&gaaﬁkmd&a gcé tﬂé Fe%@fiofﬁohsml‘%@éﬁé tHARAJL0, 000 pphE

filtered I'Sper si on 8, 31.4 %solids content and an average
particle Q)mémblyltbaleasrthan 5,000 ppm based on polymer solids. This can be

accomplished by any suitable means. Preferably, the level of monomer is
reduced by polymerizing the monomer. This can be accomplished by any
suitable means, such as by adding one or more initiators such as those recited
above. It is preferred to begin to reduce the level of monomer within 20 minutes,

more preferably within 10 minutes, of adding the one or more swelling agents.

The process of the present invention is capable of producing swollen multi-
stage emulsion polymers having very low bulk density. Swollen emulsion multi-
stage polymers having an a particle size below 275 nm can be prepared with a
dry bulk density of from 0.30 to 0.77 g/cc, preferably from 0.35 to 0.76 g/cc, most
preferably from 0.40 to 0.75 g/cc. Swollen emulsion multi-stage polymers having
an a particle size in the range of from 275 to 500 nm can be prepared with a dry
bulk density of from 0.30 to 0.74 g/cc, preferably from 0.35 to 0.73 gfec, most
preferably from 0.40 to 0.72 g/cc. Swollen emulsion multi-stage polymers having
an a particle size in the range of from 501 to 750 nm can be prepared with a dry



Examml e 3: A core was prepared as follows: A 5-liter, four necked round
bottom fl ask was equi pped with paddle stirrer, thernonmeter, nitrogen inlet,
and reflux condenser. Deionized water, 1760 grans, was added to the kettle
and heated to 86[err] C under a nitrogen atnosphere. A nononer emnul sion (M)
was prepared by m xing 720 granms of deil@ni zed water, 2.7 grans of Abex
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granms of nethacr Irc acid.. Wth the kettle water at 86[err]C, a m xture of
160 gr ans &% a 92%69 ke rangef from 5drtol, 300 pam £an beprepares withe o
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dei oni zed pmf@ablyeﬁemdclectotm4§mkettle The contents of the kettle were
stirred for 15 mnutes. The remaining ME was then fed to the kettle over a

two hour period at 85[err]C. After the conpletion of the mononmer feed the
p
di spersi on was r [ 15 nutes, cooled t 250 a iltered
to remove any c"gg tﬁ%% f"%’ﬁ B Wﬁf?ﬁmpﬂ: 3&‘ Y 9 % |
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was prepared as |Tter, four necked round tom flask was
equi pped {hvorabieiprepesties sch asrgloss, brightness and gpacity bepapemebatixfg ux

condenser Lzed vva 1700 was added to the kettle and heated
to 80[err]f@"ﬂﬂga&il ns 40 v ?;‘e%1 X@ﬁﬁgﬁﬁ”ae A rmononer emul sion (ME) was
prepared by mixing 335 grans of deionized water, 14.0 grans of sodium

dodecyl benzenesul fonate (SDS, 23%, 4.5 grans of nmet hacrylic acid, and
364.5 grans of Thatmﬂedrhﬂexcpa}tmlespr&dum&wtha/ﬁethddgfthspmeatrermved and
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and compositions, such as paints, to which they are added.

Example 1: A core was prepared as follows: A 5-liter, four necked round bottom
flask was equipped with paddle stirrer, thermometer, nitrogen inlet, and reflux
condenser. Deionized water, 1760 grams, was added to the kettle and heated to
86°C under a nitrogen atmosphere. A monomer emulsion (ME) was prepared by
mixing 720 grams of deionized water, 6.5 grams of sodium
dodecylbenzenesulfonate (SDS, 23%), 10.0 grams of methacrylic acid, and 780.0
grams of methyl methacrylate. From this ME, 164 grams were removed and set
aside. To the remaining ME was added 71.2 grams of SDS (23%) and 510 grams
of methacrylic acid. With the kettle water at 86°C, a mixture of 160 grams of
deionized water, 10.4 grams of SDS (23%), and 20.5 grams of Plurafac® B-25-5
(Plurafac is a trademark of BASF), followed by the ME removed from the initial
ME, followed by a mixture of 5.5 grams of sodium persulfate in 40 grams of



an average particle size of 184 nm Exanple 5: A core was prepared as
follows: A 5-liter, four necked round bottom flask was equi pped with paddle
stirrer, thernonmeter, nitrogen inlet, and refl ux condenser. Deionized

wat er, 1760 grans, was added to the kettle and heated to 20 86[err]C
under a nitrogen at rmsphere A nmononer Bdrul sion ME) was prepared by m xing

720 7 of 4
gramgrg;m r(ritgéi acry |c acl ,E&de 8 rlgmsT]ﬁ!f%?&“%?6 ﬁ&ﬁ:h[%h%égrﬁ%fg%}ée t‘#}
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added 9.0 of o@bééerr] CO- 436, ar}d 510 grans_of npethacrylic acid.
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t d Ab CO-4 VE d f th
initial 9149% Be e torolp atffes, povles 16 25°C A Bltereldy w&%&?%rfn FoREAIRm. 40
grams of G%edkdRd HebersiiRad A4 of § 0,130, K 94 Ldifts HhtefORbE Ay REalde

kettle were stirred 15 m nut'es hé rémal ni ng was t

kettl e ovparticlewizenafil45emi.od at 85[err]C. After the conpletion of the
nononer feed the dispersion was held at 85[err]C for 15 mnutes, cooled to
25[err]C and filtered to remove any coagulum The filtered dispersion had a

pH of 2.8 Ol t X Lo

eanpl o 6EZRmBlg 20K ke A% ARba AU 0 CRITMY: 2Rl Kirnikell riind BouR,
bot t om f I ﬂahk\m apipped erith phd@h@iﬁe:g&h&fﬁbmetéﬁmﬁﬁgéﬂﬁnlew dndgefiut nl et
and refl ux ndens Dei oni zed water, 1700 grams, was added to the kettle
and heat e8OR n@@feﬁe}@:awﬁaatar W0 amen maspiiadto thedkatbemndhentsidn ( vE)
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this ME 82 grans were renoved and set asride. To the remaining ME was added
5.40 gr anﬁAbéx y asmdeindiksof%wﬁoﬂéﬁcp 10:Ggramé of miethacrylicacidiahd Wt h

the kettl ter at ture_ of 50, ns _of deionized water and
10 0 gra W%?ﬁ@% f;i&%xef:i’ %ﬂ% AEABTRmRS Wene xemoved; ¢ i al
ME, follo Mg f%fm%n%ég 0, d%‘&j f ans of
dei oni zedﬁﬁgtsgyaemigr@e ad(ife to_the Wﬁas ;' ¥£§1§?§%%ﬁ§%r%%m%§4§ irred
for 15 m and&d0 graens efimaethaigyli€avids WikhtHekettle whterkt86°€, a\ixtard ¥ hour
period at 80[err]C. After the conpletion of the
160 grams of deionized water and 1.40 grams of Abex ® C0-436, followed by the

ME removed from the initial ME, followed by a mixture of 5.5 grams of sodium

persulfate in 40 grams of deionized water were added to the kettle. The contents

of the kettle were stirred for 15 minutes. The remaining ME was then fed to the

kettle over a two hour period at 85°C. After the completion of the monomer feed

G)

the dispersion was held at 85°C for 15 minutes, cooled to 25°C and filtered to
remove any coagulum. The filtered dispersion had a pH of 2.8, 31.4 % solids

content and an average particle size of 146 nm.

Example 38: A core was prepared as follows: A 5-liter, four necked round bottom
flask was equipped with paddle stirrer, thermometer, nitrogen inlet, and reflux
condenser. Deionized water, 1760 grams, was added to the kettle and heated to
86°C under a nitrogen atmosphere. A monomer emulsion (ME) was prepared by
mixing 720 grams of deionized water, 2.7 grams of Abex® C0-436 surfactant,
10.0 grams of methacrylic acid, and 780.0 grams of methyl methacrylate. From



nononer feed the dispersion was held at 80[err]C for 15 mnutes, cooled to
25[err] C and 21 filtered to renove any coagulum The filtered di spersion
had a pH of 3.1, 21.5 % solids content and an average particle size of 161
nm Exanple 7: A core was prepared asléol |l ows: A 5-liter, four necked round
bottom fl ask was' equi pped with paddl e™Stirrer, thernmonmeter, nitrogen inlet,

and ref| “fﬂ%‘ﬂ%[ﬁir &B%Qei-ezféin&@érﬂnd 1208516 2% 1 oAt ME &g kettle

and heate err der & nitrogen at nosphere. nononer enul si on (VE)
was prepagadded 2700 graxgs BBAngﬁrﬁomajmdmubgkams of methadiylic anil. oWittodi um
dodecyl benzenesul f onat e éSDS 23‘2 rams of methacrylic acid, and
364.5 gr atke kﬁtﬂemw’e ﬁ%raj equd rerrms\af degoniged water 40 gsamsef and
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was then pbthe bettlowree stieredfer 18 migtaou L hgcemaining ME wasthen
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particle size o6f 220 nm Exanple 8: A core was prepared as fol l ows: A

5-liter, trembveaslyedagaluin. Thetfilterdddikpewsiorehad posH ofi 2.7, Phodkeckidsrrer ,
therrmneter nitrogen inlet, and reflux_condenser. Deioni zed wat er, 1760
grans, ma§°%§9§é@qdoa@ﬁ89#@&°tnaé't1§1ﬁ151ﬁ%aféﬁ @31.86[ err] C under a nitrogen
at rmsphere A nmononer enul sion (ME) was prepared by m xing 720 grans of
dei oni zed water, 6.85 grans of sodi um dodecyl benzenesul fonate (SDS, 23%,

10.0 gr aﬁ'gﬁ_ﬁgaﬁr aore evasqiréparediad ffllowvsgr ArBslitdr, forirmecked rémd pottom
Fromthis 164 grams wer.e rem)ved and_set aside. . To the remal(fw ME was

added 15, kmﬁ equipped withpaddle stimer, thepmemeter, mitrogen inlsh, ¥t he
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renoved f gonCtiflelr Al Aitfdgehfatnictpheye dAlyonomiex etiulsioh (ME) was prepared by
mixing 335 grams of deionized water, 14.0 grams of sodium
dodecylbenzenesulfonate (SDS, 23%), 4.5 grams of methacrylic acid, and 364.5
grams of methyl methacrylate. From this ME, 82 grams were removed and set
aside. To the remaining ME was added 7.0 grams of SDS (23%) and 241.0 grams
of methacrylic acid. With the kettle water at 80°C, the ME removed from the
initial ME was added to the kettle, followed by the addition of a mixture of 2.75
grams of sodium persulfate in 15 grams of deionized water. The contents of the
kettle were stirred for 15 minutes. The remaining ME was then fed to the kettle

over a two hour period at 80°C. After the completion of the monomer feed the
dispersion was held at 80°C for 15 minutes, cooled to 25°C and filtered to remove
any coagulum. The filtered dispersion had a pH of 3.1, 22.1 % solids content and

an average particle size of 184 nm.

Example 5: A core was prepared as follows: A 5-liter, four necked round bottom
flask was equipped with paddle stirrer, thermometer, nitrogen inlet, and reflux

condenser. Deionized water, 1760 grams, was added to the kettle and heated to



22 granms of sodiumpersulfate in 40 grans of deionized water were added to
sthe kettle. The contents of the kettle were stirred for 15 m nutes. The
remai ning ME was then fed to the kettle over a two hour period at 85[err]C
After the conpletion of the nonomer fegg the dispersion was held at
85[err]C for 15 mnutes, cooled to 25[err]C and filtered to renove any

coagul um € hhadres Aok Babaheha ] Ariiloflerriulsita Al SAld tepRRA BP!

and an average particle Size of "349 nm Exanp A core was pr
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grans were renoved and set aside. To the remaining ME was added 11.5 grans

of Di sponikettlesv&@3 a4:186°6 4 nyixtare of 160:gran6s yf deionided willeriarid@.I0agiraine
water at 86[err]C_a mxture of 160 grans of deionized water, 0.4 grans of

Di sponi | afdthex®CO:436,follswgd biystherME remmaveddromn thezinitial ME, followed by a
trademark of Wtcp), followed by the enoyed from.t.he i.nifial ME,
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hour peri cemeindtg ME as then ded tdthe ketileetverma tiro hoar perodent §5°€d After

di spersion_was held at _85[err]C for 15 m_nutes, cooled to 25 err]C and

filtered tthecomplation of thsmengmertped the dispersian syas keldatBiTClopliSor 2. 8,

31.6 % solj t ent ticle si f. 401 le 10: A
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to 80[err]X@lmmmer a nitrogen atnosphere. A nononer enul sion (ME) was
prepared by m xing 335 grans of deionized water, 1.0 gram of Abex [err]
CO- 436, 4.5 granms of nmethacrylic acid, and 364.5 granms of nethyl

met hacryl 3 eawif188: A cord was prepared as follows: A 5-liter, four necked round bottom
flask was equipped with paddle stirrer, thermometer, nitrogen inlet, and reflux

condenser. Deionized water, 1700 grams, was added to the kettle and heated to

80°C under a nitrogen atmosphere. A monomer emulsion (ME) was prepared by
mixing 335 grams of deionized water, 10.7 grams of Disponil® Fes-993
surfactant (Disponil is a trademark of Henkel), 4.5 grams of methacrylic acid,
and 364.5 grams of methyl methacrylate. From this ME, 82 grams were
removed and set aside. To the remaining ME was added 5.40 grams of Disponil®
Fes-993 and 241.6 grams of methacrylic acid. With the kettle water at 80°C, a
mixture of 50 grams of deionized water and 10.0 grams of Plurafac®B- 25-5,
followed by the ME removed from the initial ME, followed by a mixture of 2.75
grams of sodium persulfate in 15 grams of deionized water were added to the
kettle. The reaction mixture was stirred for 15 minutes. The remaining ME was

then fed to the kettle over a two hour period at 80°C. After the completion of the

monomer feed the dispersion was held at 80°C for 15 minutes, cooled to 25°C and



this ME, 82 grams were renoved and set aside. To the .remaini ng IVE was added
2.80 grams of Abex [err] CO-436 and 241.0 grans of methacrylic acid. -Wth

the kettle water at 80[err]C, the ME renoved fromthe initial Mg followed
by a mxture of 2.75 granms of anmoni umypersulfate in 15 grans of deionized

wat er wergl added to the kettle. The_content-s of the kettle were stirred for
15 mi nut efiltered to sempve Y veagwium., Theditered dispersion had s\nH of 313 1Ho%r

bac ol d SPUEpIEpe R B bRaRe RN A 1o ol 0T C aha 1l tered (o

renove any coagulum The filtered dispersion had a pHof 3.0, 22.2 %solids
content and an average particle size of 328 nm_ Exanple 11: A core was

prepar ed ExampledsA csre wastpreparedas fodlowwsd Aédm@b&mmke@s«umhbo@qm pped

Dot ont oo Eask 14d SbipbOf WRIBALHe dirkts) 1 rmBmgher, Aokl 1alée SRR &, |
under a nbéﬂd&ﬁérabéﬁ’&ﬂhéd Sratéy, TTO0BRanfIWaS é&ﬂeﬁl\éﬁ)thwqéetﬁé%&farﬁ&tigg g1 Xi ng

720 grans of dei oni zed wat er, 6.8 grans of sodi um dodecyl benzenesul f onat e
( SDS, 23%Q°Q@mdeg ramrmnmmhgie cA anonhmemnemudsion (ME)waprepzirby by
met hacryl at.e, gmthls grans were renoved and set aside. To the

remai ni ng%@ 2 grgs of @Oﬁ%wﬁﬁers%m $pdAWm of et hacrylic acid.

Wth the t f Iy QY ,Zed

vt or . 25anieTdilegbeioife 1SDE 20M LY dathhbe dBthAPE s SRUNBLRS
the ME reg‘fmnd ot‘ mthyhmelthadrybdteNE‘roﬁDtHlem 83 gﬂaﬂsﬁéﬁe&eﬁioﬁd&xﬁ! gits of
sodium persul fate_in 40 granms_of deiqonized water were added to the kettle.

The cont efsidegfoithe remaimag ME-was pdded fQ)graES ﬁf AlS(23%)rpad 24%0 grams VE

compl ot oft BptEnavRs ek, Wil fie RetlwRka i Rbreite BE Bt o; s

m nut es, &%h%dt@a?e'i’[ﬁi% 9. g ﬁ%é of Pﬁ&ﬁﬂm@’Br QF‘B‘é ?olféWerfo‘ angﬂg rlﬂl%ved

filtered di sper si on 0, 31.6 %so S conten n aver age

particl e fronetloé iritiab ME Hollowed bi24 nﬂxammﬂ/\msmwatboasuﬁ dreiifatefin
5-liter, four necked. rqund bottom flask was eqw ped with pa dle stirrer,

t her monet &P aﬁmﬁrﬁg’@wmm@wat%were agded ta thex chee-eontemtef thedkettleer |

;Zggsgagre m)norre? en :l 8% m%%g%%hea%@? %%ﬁﬁik‘b@g & nltrogen

dei oni zedtwahetr p@ri%dgitESOSCQfAﬁéldthH%ompletmn of the monomer feed the
dispersion was held at 80°C for 15 minutes, cooled to 25°C and filtered to remove
any coagulum. The filtered dispersion had a pH of 3.0, 21.9 % solids content and

an average particle size of 220 nm.

Example 8: A core was prepared as follows: A 5-liter, four necked round bottom
flask was equipped with paddle stirrer, thermometer, nitrogen inlet, and reflux
condenser. Deionized water, 1760 grams, was added to the kettle and heated to
86°C under a nitrogen atmosphere. A monomer emulsion (ME) was prepared by
mixing 720 grams of deionized water, 6.85 grams of sodium
dodecylbenzenesulfonate (SDS, 23%), 10.0 grams of methacrylic acid, and 780.0
grams of methyl methacrylate. From this ME, 164 grams were removed and set
aside. To the remaining ME was added 15.0 grams of SDS (23%) and 510 grams
of methacrylic acid. With the kettle water at 86°C, a mixture of 160 grams of
deionized water, 1.75 grams of SDS (23%), and 10.0 grams of Plurafac® B- 25-5,

followed by the ME removed from the initial ME, followed by a mixture of 5.5



dodecyl benzenesul fonate (SDS, 23%, 10.0 grans of nethacrylic acid, and
780.0 grams of methyl methacrylate. Fromthis ME, 164 grans were renoved
and set aside. To the remaining ME was added 51.5 grans of SDS and 510
grams of nethacrylic acid. Wth the ke22le water at 86[err]C, a m xture of

0031 7 @hnfShOmERel kSl o 8RS oB Bt e e g3 ©f
fol | oned %tﬂem'rﬁew!&ts%te;}ﬁhe gﬁgaﬁ%ré QEirkHR R 1H lidtRs! MTH et AifEn®

dei oni zed water were ad to ettle. The contents of the kettle were

stirred fdvElwasithen sl toftie kettleiovena to hauwr pérdod 288520, Afterithet | e over a
two hour period at 85[err]C. After the conpletion of the nononer feed the

di sper si orcomypletioh of she &iinomédrdeéd tha Gispersion syascheldat 825CoAor dbrmmuias
filtered to renmove any coagulum The filtered dispgrsiQn had.a pH of, 2 9,
31.5 % sol m@b%ﬁﬂﬂ%’ﬂ%ﬁl@ﬁe‘gw’f‘%ﬁvﬁﬂﬂ icea@ﬂmfe%gﬁ ﬁﬁmﬁ 31@&.%103 had A
core was prepar QLlows: AS5-liter, four neck r ound tom fl ask was
equi pped \&Pﬁa‘?f%a@ét’ﬁ FP@@? W#FBP%&R@P&?"W&?Q MR ?fgﬁgdnfnef | ux
condenser. Deionized water, 1760 grans, was added to the kettle and heated
to 86[err] C under a nitrogen atnosphere. A nononer enul sion (ME) was
prepared [Bxample®:73¢oge was prbpaidoas folldwsa td 5.liter ffoun necked forsmdibettom
dodecyl benzenesul fonate (SDS, 23%, .10.0 _grans of nethacryl|c acid, ,and

780. 0 gr arilask was eapipned;wiERaddle stirreg thenmomater, myrogenrinieheand reflg¥ e

and set asjdg. To the. M) S 9 d 510
grans of rﬁ??’ﬁgg?%ﬁ' i]@&g’éﬁéﬁ %&E’ ?‘E%d\ggaflﬁ?’gﬁgx%? é‘rlg% @g%ﬁt}eﬂiﬁﬁﬁdﬁ@e of
160 grans gde(ehdéy & atrogdeatasshhdde 2 Aompibnil eBSRSCRIVME] tldspregaind bne MVE
renmoved fromthe initial ME, followed by a mxture of 5.5 grams of sodium
per sul f at emixing¥26rgramsoéf duionized schten 25 gramsof Disponil BnEes898) 10.0The

reaction m xture was stirred for 15 m nutes. .The, remai ni ng, VE s then fed
to the ketgmamseimethacmplieacid, pad789-Q.grams of Heéhyméhaqr%kteqﬁgpa B of

t he nono | sper.si . [+RL L Eéﬂ{f’ﬁ]mg cool ed
to 25[er Waﬁ%qfét%r e%%&r&%&gﬁ%g@! QSI Sﬁggé#um e Tilt g%@ ed
di sper si ompgramadfDispoil® FbsDI3 aad 516 graniscofmethhceylioacda¥ithahei cl e
size of 91 nm Exanple 14: A core was prepared as follows: A 5-liter, four
necked roukettleovatenat|8SSC, aasixbyrs ofh kG0 grarhs phdeionized water, Oudrgramemef: er |
e | eopnil § Feg 493, and 20.5 grams of Silwet ® L0601 (Silvet 18 & brademath of
Witco), followed by the ME removed from the initial ME, followed by a mixt_ure of
5.5 grams of sodium persulfate in 40 grams of deionized water were added to the
kettle. The contents of the kettle were stirred for 15 minutes. The remaining
ME was then fed to the kettle over a two hour period at 85°C. After the
completion of the monomer feed the dispersion was held at 85°C for 15 minutes,

cooled to 25°C and filtered to remove any coagulum. The filtered dispersion had

a pH of 2.8, 31.6 % solids content and an average particle size of 401 nm.

Example 10: A core was prepared as follows: A 5-liter, four necked round
bottom flask was equipped with paddle stirrer, thermometer, nitrogen inlet, and
reflux condenser. Deionized water, 1700 grams, was added to the kettle and
heated to 80°C under a nitrogen atmosphere. A monomer emulsion (ME) was
prepared by mixing 335 grams of deionized water, 1.0 gram of Abex ® CO-436,
4.5 grams of methacrylic acid, and 364.5 grams of methyl methacrylate. From



heated to 86[err] C under a nitrogen atnosphere. A nononer enulsion (ME) was
prepared by m xing 720 grans of deionized water, 2.70 grans of Abex CO 436,
10.0 granms of nethacrylic acid, and 780.0 grans of methyl nethacryl ate.
Fromthis Mg, 164 grans were renoved and set aside. To the remai ning ME was
added 23.0 grans of Abex [err] CO 436 &hd 510 grans of nethacrylic acid.

Wth the t t ' : | |

et or  and o0 0E, $2.ipit w A fhioved fod bt Ml T 0 N e

t he i niti 2 80Mgrarhebf Abesd G0C0436 uhdr=1100 gPams of meethacfylinamdi Withahsul f at e
in 40 granms of deionized water were added to the kettle., The contents of

the kett | &evide wader at 80°G,the MEnemoved. framcthedmitial ME, fellowed by amigyre o
the kettle_over a two, hour period at_85[err]C. After.the conpletion of the
nonomner f@éa-%ﬁﬂw%ﬁ%a@mmmwpifaae LBBF&’H”@ #’ﬁ%‘?ﬁ’%@éweﬁ%ol ed to
25[err]C ' i ' | had a
ot of b, 5 0ga 10 $FE Sl TRTBURGAY of EROLCUIE wiRSatitiedioF I TSRS  The.
Exanpl e 1zemAisingeMiibwap themfetitothe dttlovaver A Bvd hoer pefiod at 882&e dftexund

bottom fl ask was_equi pped with paddle stirrer, thernoneter, nitrogen inlet,
and r ef | uthe compieiion o@ﬁednmmemm ?helda@pe@ama%ggaa@@actferﬁ e kettle

as pr opaPEiIge. sieH o PR0C i EleredE e any pore i S TR ARl 00,
CO- 436, 5 ' ' :
ot hact yi Srperipfiada EEREE daorosotidg Plent ibdallegBiadtpgiidy bize of

dei oni zed g@8ty@h. and 3.0 grans of Abex[err] CO 436, followed by a m xture of
5.5 grans of sodium persulfate in 40 grans of deionized water were added to
the kettle. The ME was then fed to the kettle over a two hour period at

85[err] C . Q0 ' M A =106 bSRE' Si on was
hel d at Sm %@Lm%dﬁgﬂégg%%g%@@%s‘?&r C’ gﬁﬁ%’?g%gﬂ?o renove
any coagulbgtiont sk iwdsesqidpped wetls paddleatireen thefmambter] Giffogers idletisand
content and_a average particle_size of 87 nm Exanpl %6: A core vvai
prepar ed aeflusicpndenser. Deaipnized waler, Wb @ams s B‘ﬁ@ A thekettlpand qui pped
w th paddhe stilrlgker [N LLr I n r.
Dei on! ved Hate 10 867 bl R WikiBken AuBpftte, A Bondiies Eididn CIIRRET .
under a ni HRSRRETR eAM® BPIEonHEdl wakh, 818 gra@ss of @daimd by m xing
720 gramspg el olf\}f zed water, 2.7 grans of Abex CO-436, _
dodecylbenzenesulfonate (SDS, 23%), 10.0 grams of methacrylic acid, and 780.0
grams of methyl methacrylate. From this ME, 164 grams were removed and set
aside. To the remaining ME was added 51.5 grams of SDS and 510 grams of
methacrylic acid. With the kettle water at 86°C, a mixture of 160 grams of
deionized water, 25.0 grams of SDS, and 20.5 grams of Plurafac® B- 25-5,
followed by the ME removed from the initial ME, followed by a mixture of 5.5

grams of sodium persulfate in 40 grams of deionized water were added to the

kettle. The contents of the kettle were stirred foi: 15 minutes. The remaining
ME was then fed to the kettle over a two hour period at 85°C. After the
completion of the monomer feed the dispersion was held at 85°C for 15 minutes,
cooled to 25°C and filtered to remove any coagulum. The filtered dispersion had
a pH of 3.0, 31.6 % solids content and an average particle size of 94 nm.

Example 12: A core was prepared as follows: A 5-liter, four necked round

bottom flask was equipped with paddle stirrer, thermometer, nitrogen inlet, and



10.0 grams of nethacrylic acid, and 780.0 grans of nethyl nethacryl ate.
Fromthis Mg, 164 grans were renoved and set aside. To the remaining ME was
added 14.5 grans of Abex [err] CO 436, and 510 granms of nethacrylic acid.
Wth the kettle water at 86[err]C, a m'IZ?ture of 160 grans of dei oni zed
water and 3.0 grans of Abex CO 436, follfowed by the ME renoved fromthe

initial Myeffutd éotitieahsty. Deitnized watdr, 3760 ¢rafts, MasHdded ToRBE Ketflahadi n 40
grans of deionized water_ were added to the kettle. The contents of the

kettl e werheategitof6°Comder aynitregen atmpesphene A mgnvmeremulsion MEB) wast he

ket tl t h . i,nd at 8 .C. . Af t l.eti f th
NPl SR L iy s SR R AL AT A A
25[err]C aawhécgme@{z@ﬁe ﬂfdxf‘d%’P\(SDS[‘?%?,aﬂ)!b%Mxﬁ&l%a‘é{—fﬁc diiapghgiren.ghad a

pH of 2.8, 31.3%solids content and anh average particle size of 118 nm The

dry bul k derasns yf meshylmethearglate. Eron ithist ME, d6dandets weee removeband set
determ ned accopdi to the f ow ng, .pr.ocedure. T Omlliliter ("m™")
centri fugeaﬁlgﬁeaﬁa@‘%a‘ﬁm% G 4 eﬂoﬁ]ygﬁa’é‘élq?@sr)% HOBamseler was
added to t %g&g, ‘bt V4 : r o f

mat eri al i%%%: e gﬁt#??ugvgﬁﬁﬁ%é;k%cﬁggeﬁ%ﬁ@ﬁ&%g oggrB ggﬁ?n%y&v\ei ght
of pol ynerde¢iohizd wdiee, 2510q:raafs 6118198(239% and Q0.5 ghaais of Silweti® 137910)

revol utions per mnute for 120 m nut es. e supernatant was decanted and

wei ghed. TioBowed hieths ME vermovddfronethe mitiall ME), foHowed byoaimiztweofis.®ns:
S'r20) X PRApasGEpm, Pesultels 1o 49 grems SfdsignizeEmapapyets pdded il x 1R
ilp Y\P/[ \e/rp :]\/Erllgﬁftgﬂrer ]:Tlﬁé@dx?ﬂeﬁf{gfr P}bééaﬁbv?%fe\gﬁ&g @é}% %? ﬂmgfeesr r:fygj%f‘érﬁ# ElkV[ err]
FR wher e: ME wasdheah fed tgthe kettiednera 880 hoyr period at 85°C. After the

completion of the monomer feed the dispersion was held at 85°C for 15 minutes,

cooled to 25°C and filtered to remove aziy coagulum. The filtered dispersion had

a pH of 2.9, 31.5 % solids content and an average particle size of 81nm.

Example 13: A core was prepared as follows: A 5-liter, four necked round
bottom flask was equipped with paddle stirrer, thermometer, nitrogen inlet, and
reflux condenser. Deionized water, 1760 grams, was added to the kettle and
heated to 86°C under a nitrogen atmosphere. A monomer emulsion (ME) was
prepared by mixing 720 grams of deionized water, 6.65 grams of sodium
dodecylbenzenesulfonate (SDS, 23%), 10.0 grams of methacrylic acid, and 780.0
grams of methyl methacrylate. From this ME, 164 grams were removed and set
aside. To the remaining ME was added 62.6 grams of SDS(23%) and 510 grams
of methacrylic acid. With the kettle water at 86°C, a mixture of 160 grams of
deionized water and 20.2 grams of SDS(23%), followed by the ME removed from
the initial ME, followed by a mixture of 5.5 grams of sodium persulfate in 40
grams of deionized water were added to the kettle. The reaction mixture was
stirred for 15 minutes. The remaining ME was then fed to the kettle over a two
hour period at 85°C. After the completion of the monomer feed the dispersion

was held at 85°C for 15 minutes, cooled to 25°C and filtered to remove any



V [err] = Volunme of water inside the particles | [err] = Interstitial water
.volune d = pol yner density = nmeasured 1.084 g/cc V[err] = Polynmer vol une
(63 g/ 1.084 g/cc-=5.81 cc) V[err] =total volume in tube =35 g - 6.3 ¢
solids = 28.7g or cc water + 5.81 cc polyrrer- 34.51 cc S [err] = volune of
.supernate = wei ght of supernate %err]25% Percent water inside particles %

POLY = Pelg I t&g{& |
correcti on %Slr espo |ﬁr¥gél}egq'[i#&%§§c¢:ﬁ)ﬁ ﬁ?(aggl”ﬁr?e@%;gﬁ Ids in t‘?fg %éeﬁ gnpack.
The foll owagagwpdmtmye szaof §dtnmal ues were used based on the particle size

of the polymer sanple: Particle Size Range (nm FR <275
0.611 275 - 500 0. 624 501 - 750 0. 638

751 - 130 : d
wer e base%loar% Acé’r? gvra%p%éﬁf%%ga%/ lﬂ’g‘gsc‘zr& 5tbﬂﬁerlogoove g‘rqi}é]%@:ﬂsl g?le
pol yner pdottosd ﬂ&sblmis ddifipped with paddle ztirger, thermenietsty ntirogémirilet,FRd S
defi ned as: 28 FR = _V[err]+V[err] V[ err +V[er
V[err] Vp¥eflexcpndenser] Deionized meater, 2260 gramwvaasraéd@ thepuzwl/mer

I 6. = | I =
e (8 iy bbbty e S B
S [err] = yebiit¥edty Sitiig Cnidthd6f d418nBRAFatR P ToSraihd (FARRR 01436,

constant s were determ ned for several polyner sanples having average

particl e 30aegrams ofimethagyliofacid, and180.0 g&‘ﬂﬁxsuf\m@thﬂ HrethavrylatpFson¥
P.S. (nm _. erré Vierr] [err] Vierr].+ l1]lerr] FR 1
213 Vigi, 164 grgmp were remavegoand set a%dal To the rempining ME was 440

25.2 addéd 23.0 graxﬁs 3P Abex ® CO-136 and 51 éﬁﬂns of methacrylic acid. With
the kettle water at 86°C, a mixture of 160 grams of deionized water and 8.0
grams of Abex ® C0O-436, followed by he ME removed from the initial ME,

followed by a mixture of 2.75 grams of ammonium persulfate in 40 grams of
deionized water were added to the kettle. The contents of the kettle were stirred
for 15 minutes. The remaining ME was then fed to the kettle over a two hour

period at 85°C. After the completion of the monomer feed the dispersion was
held at 85°C for 15 minutes, cooled to 25°C and filtered to remove any coagulum.

The filtered dispersion had a pH of 2.8, 28.7 % solids content and an average
particle size of 80 nm.

Example 15: A core was prepared as follows: A 5-liter, four necked round
bottorﬁ flask was equipped with paddle stirrer, thermometer, nitrogen inlet, and
reflux condenser. Deionized water, 1760 grams, was added to the kettle and
heated to 86°C under a nitrogen atmosphere. A monomer emulsion (ME) was
prepared by mixing 720 grams of deionized water, 17.2 grams of Abex® C0O-436,
520.0 grams of methacrylic acid, and 780.0 grams of methyl methacrylate. With
the kettle water at 86°C, a mixture of 160 grams of deionized water and 3.0
grams of Abex® C0-436, followed by a mixture of 5.5 grams of sodium persulfate
in 40 grams of deionized water were added to the kettle. The ME was then fed to
the kettle over a two hour period at 85°C. After the completion of the monomer



3 650 25. 4 5.81 3.30 9.11 0.638 4

-1275 25.5 5.81 3.20 9.01 0.645 All particle
sizes reported herein were neasured using a Brookhaven BI-90 Particle Sizer
and are reported as an average particl e2ei ze. Exanple 17: A 5-liter, four

necked roupd bcl)lttqulask was equigged wi th paddle stirrer, thernoneter,
ni trogen ifeedithe dispersion wags belibat85°C fari Unminutesacenled t035°G aadsflterad

added to the kettle and heat ed.} 0 .86[ err,] C under, ni tyogen atnosphere. To
the heat ed P Y E?a%g%d'ﬁéa ét%eé @%P&Wn %9&‘%@? 2.8 Blile%sokds| ved

in 30 grangmbnfghan :Z\?éi'ag@?ﬁfticﬁ@ife wg7%di ately followed by 190.5

grans of the core prepare n Exanple 1. nomer emul sion (ME |I) which
was prepared by m xing 50 granms of deionized water, 3.0 grans of SDS(23%,

2.1 g7 e BRARERIELLE K corec ke Prearsaectolloweh  ilter,dows nacke ot 4 5
Jecond momsol Aak FERE Tl AL bumdh therfih febofiefiesilinlyr, dna

dei oni zed zefhexrconfiefisey. aDsvioniizédBa Pty 760 gelarhd Owak addedfto thy kefige afgom thi s
The initial portion of ME II

ME I'l, 137 gra re repoved, and set aside. ]

was added #%?HB@&F |under anitegenAtmespherersAmanemey amulsion@Exwes 1. 9
grans of sQdi I.fa i ssol v LN .75, grans dei oni,zed r S

G0 Ted"t o PHpArREBY pinah 220 230/t eichifan Hafih 2 L eXerhs of AhSEECOrE%: ¢ he
reacti on m SmosT Wi 39 | ?ﬁ r e} | etion
of the I\/Eniltllbz?gd co- flggds a ngﬁ?ﬁ’rghgfmg% anss%fm%?%@d‘r%%/al og% 8
grans of dibisMEcl64\gramswere yednheved andset lasidel cT@tlh fdivatiihg MBagas ool ed

to 8_5[err]a e&%he reacr@?en mﬁéure ragached 85[err] C_ the held back
D on o BT AR At e, Mot £ Bt st s e held 5
nm nut es at?ghﬁ etra're @eXﬁtmth{ﬁgiﬁgms ﬁfg‘fﬁhi?egfwﬁ%ﬂ of

sodi um pergraini HbLABEES TCO2B6] ﬁ%@ﬁfﬂ%%@%ﬁ?ﬁ@t@%@@ﬂ@ed to the

kettle. The reaction m xture was he and t hen
cool ed t o folowed dryperrikture ofiid5 gramerofdodiunt peFSAfaA0 n A0S HIME B dioEided The

final latex had a soljds content of 27.5% a pH of 10.0, and a particle
size of 40%algmwere aéﬂeﬁ toi e etila. M%@fébﬁéte@ewgalsamdﬁfomﬁh only
4.0% core | i t : [ | ryi_ned
Lo be 0. g nre, T R nirg B whatH5 2 18 thd ReRE Grat T b Boul BhEOT Y
was equi pparCui Aftepthisitempletion of the monomer feed the dispersion was held at 85°C

for 15 minutes, cooled to 25°C and filtered to remove any coagulum. The filtered

dispersion had a pH of 2.8, 31.3% solids content and an average particle size of
118 nm.

The dry bulk density, as used herein, and in the appended claims, was
determined according to the following procedure. To a 50 milliliter (“mlI”)
centrifuge tube was added 6.3 grams of polymer solids. Deionized water was
added to the centrifuge tube to provide a total of 35 grams (“g”) of material in the
centrifuge tube which corresponds to 18 percent by weight of polymer solids. The
tube was placed in a centrifuge spun at 18,000 revolutions per minute for 120
minutes. The supernatant was decanted and weighed. The dry density was then
determined by the following equations:



stirrer, thernonmeter, nitrogen inlet, and reflux condenser. Deionized
mater, 1700 granms, was added to the kettle and heated to 86[err] C under a
nitrogen atnosphere. To the heated kettle water was added 3.8 grans of

sodi um persul fate di ssolved in 30 grans of deionized water. This was

t mmedi ately followed by 191.0 grans of 2he core prepared in Exanple 2. A
nonomer enpry Dengy ) WPEONYWeg g epared by mi xing 50 grams of deionized
water, 3.0 granms of "SDS (23%, 10.8 grans of butyl nethacrylate, 106.8 grans
of methyl nethacrylate, and 2.4 granms of nethacrylic acid and was added to
the kettle at e, of ranms /mnute at a tenperature of 80. Upon
conpl et on@ogg ~ alséc%ézgononer emul sion (ME Il) was prepared by m xing
190 grans of deionized water, 3.8 grans of SDS, and 720 grans of styrene.

FromME Il 91.4 grans were renoved and set aside. The initial portion of M
Il was add%dHR2O t ke REHAG at & S8fH20) gx(FREVRi nute and a ni xture of

1.9 grans of sodi S ate dis ved 1n 75 ans of deionized water was
co-fed to the reawcéﬁu{ﬁ’rate of .ngﬁ}@ﬁnﬁg{ne. The tenperature of the
reaction mxture was allowed to increase to 92[err]C. Upon conpl etion of
the ME Il and co-feeds a m xture of 8 grans of 4-hydroxy TEMPO and 8 grans
of dei oni z¥H2Mt-er(VioSH20es FR- ViIPe kettl e and the batch was cooled to
85[err] C. Wen the reaction mxture reached 85[err]C, the held back portion
of ME Il (91.4 grans) was added to the reactor followed by the addition of
42 grans o‘k angoni um %droxi de, The reaction mxture was held 5 m nutes at
85[err] C. XPitef HhE & VA oHRR) FBRd a mixture of 0.95 grams of sodium

persul fate di ssolved in 20 granms of deionized water was added to the
kettle. Thpgreactponyighst ure wasyel ¢hgr 30 mnutes at 85[err] C and then

cooled to roonvtl,eppe,fzgw and fgy to renove any coagul um forned. The
final latex had a solids 1E:ﬁngntent 0 .4% a pHof 9.9, and a particle size
of 440 nm An acid titration 30 showed good core encapsulation with only

2.0%core acid titratable. The dry density was cal culated to be 0.6077
g/ cc. Exanphgd PRek A QrTI_ig}%,:th,.v\%ed round bottom fl ask was equi pped
ni

with paddl e stirrer, thernoneten ogen inlet, and reflux condenser.
Dei oni zed water, 1700 grams, was added to the kettle and heated to 86[err]C
under a nitrogen atnosphere. To the heated kettle water was added 3.8 grans
of sodi umwhesal fate di ssolved in 30 grans of deionized water. This was
i mredi atelwﬁ@tdmdimiﬂﬁfbe&w.a@amg thga core prepar ed in Exanple 3. A
MONONer  enylish &Voidmd of Water GBS HR pdRticlEsX i N9

I 120 = Interstitial water volume

d = polymer density = measured 1.084 g/cc

V ¢ = Polymer volume (6.3 g / 1.084 g/cc =5.81 cc)

VT = total volume in tube =35 g - 6.3 g solids = 28.7g or cc water + 5.81 cc polymer =

34.51 cc

S 120 = volume of supernate = weight of supernate

%m20 = Percent water inside particles

% poLy = Percent polymer in particles

Fr = Packing constant, which is a correction corresponding to the fraction of volume

solids in the hard pack. The following packing constant values were used based on

the particle size of the polymer sample: '

Particle Size Range {nm) R

<275 0.611
275 - 500 0.624
501 - 750 0.638
751 - 1300 0.645

The values of the packing constants used were based on density
determinations (as described above) for unswollen polymer particles such that V mo
is zero. The packing constant, Fr is defined as:

-
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50 grans of deionized water, 3.0 grans of SDS, 10.8 grans of butyl

sret hacryl ate, 106.8 grans of nethyl nethacrylate, and 2.4 grans of

nmet hacrylic acid and was added to the kettle at a rate of 4.5 grans /m nute
at a tenperature of 80[err]. Upon conpletion of ME | a second nononer

emul sion (ME I1) was prepared by m xi n@8l90 grans of deionized water, 3.8
granms of SDS, and 720 granms of styrene. From ME |1, 91.4 grans were renoved
and set afirdes TUE+iVighd al poeti qpof7 M5 |+ wasypadded to the kettle at a

rate of 25 gra;yrgﬂrv [ a mg%g @ 1. 9%‘@7 sodi um persul fate

di ssolved in 75 gra%ofﬁ%gi oni ze agjtaer was co-fed to the reactor at a
rate of 2.5 gr / m nut e. t rature _of the reaction mxture was

al | oned tj?ﬁc‘%@%@é’f’é@?ﬁ&?ﬁf@ﬂ%ﬁﬁl@ﬂ%n of the ME Il and co-feeds
a mxture of 8 granms of 4-hydroxy TEMPO and 8 grans of deionized water was

added to Theokdntirstiisiiwatee voRimb = (WEa0s@a €.385[/e1.0 Wen the contents
of the reactor reached 85[err]C, the held back portion of ME Il (91.4

grans) wasyad : r L d by the addition of 42 grans of
anmoni um Wﬁrﬁ%?&%@“@gﬁ%ﬁé%x ure was held 5 mnutes at 85[err]C
After the 5 mnute hold a m xture of 0.95 grans of sodium persul fate

di ssol ved SiIROTOWEIAHOL SUPEmadhi zed water was added to the kettle. The
reaction mxture was held for 30 minutes at 85[err]C and then cooled to
roomtenperature and filtered to renove any coagul um fornmed. The final

| at ex hadyp; | f 23%.a pH of 10.2 .and a ticle size of
370 nm ATLE J&*ﬁ%&%{%‘@ﬁ%ﬁ’&,@% P&S%‘é‘gc‘%ﬁt%&&‘gﬁé%?%m% YRS 2. 5%
core aci dpplymer saprples havingrayvemegesparyiclesizesdnthe srgge dfdrdm abotié 260 gk,
Exanpl e 2@275néx| i ter, four necked round bottom flask was equi pped with
paddl e stirrer, thernonmeter, nitrogen inlet, and reflux condenser.
Dei oni zed a 14 I aNs, added tqQ,the kettle and heated to 86[err]C
under a ni%atm. %e heat kettle% er vﬁ%ii%d 3.&9rams
of sodi um persul fate dissolved in 30 grans of deionized water. This was
i mredi ately flol | owed B33271.5 @6&s of th8lcore pB&Pared i P.Fxanpl e 0611A
mononer emul 2 on (ME #0was pr &2 ed by H8ki ng 503&0ans of 9§l oni zeq) gt er,
3.0 grans of 38DS (23%500. 8 gras@ of butggi met hacggpate, 1@618 gran%@‘s

e é@ t he
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net hyl methaggylate, g8 2.4 grges of meggpcrylicgagi d and s add
kettle at a rate of 4.5 grans /mnute at a tenperature of 80lerr].
Upon conpletion of ME | a second nononer enulsion (ME Il) was prepared by

m xi ng 190 gr aAl prrtideistreszepomed bereid wiere hidBuid ¥ khaveh BlRO) 9r ans
g; ST enparfcl8obald arebpoted I MPiVeri S Baeh g SCT aside. The initial
Example 17: A 5-liter, four necked round bottom flask was equipped with paddle
stirrer, thermometer, nitrogen inlet, and reflux condenser. Deionized water, 1700
grams, was added to the kettle and heated to 86°C under a nitrogen atmosphere. To
the heated kettle water was added 3.8 grams of sodium persulfate dissolved in 30
grams of dejonized water. This was immediately followed by 190.5 grams of the
core prepared in Example 1. A monomer emulsion (ME I) which was prepared by
mixing 50 grams of deionized water, 3.0 grams of SDS(23%), 10.8 grams of butyl
methacrylate, 106.8 grams of methyl methacrylate, and 2.4 grams of methacrylic acid
was added to the kettle at a rate of 4.5 grams /minute at a temperature of 80°. Upon
completion of ME I, a second monomer emulsion (ME II} was prepared by mixing
190 grams of deionized water, 3.8 grams of SDS(23%), and 720 grams of styrene.
From this ME II, 137 grams were removed and set aside. The initial portion of ME II
was added to the kettle at a rate of 25 grams/minute and a mixture of 1.9 grams of
sodium persulfate dissolved in 75 grams of deionized water was co-fed to the reactor
at a rate of 2.5 grams/minute. The temperature of the reaction mixture was allowed



ME Il was added to the kettle at a rate of 25 granms/mnute and a m xture of
1.9 grans of sodium persul fate dissolved in 75 grans of deionized water was
co-fed to the reactor at a rate of 2.5 grans/m nute. The tenperature of the
kettle is allowed to increase to 92[ecF g C. Upon conpl etion of the ME Il and
co-feeds a m xture of 8 grams of 4-hydroxy TEMPO and 8 _grans of deionized
wat er was @dmase)tq gmomecomdetmo &z&:m/ﬁgna@@rfeqdﬂ)nssmpf BTSN
E?%ket ;I e\;‘e ad ed to,th obq‘igilol owed the ad&&{t’b'tﬁ@k@iﬂé\ﬁd l ns
gr J§ r |
of anmoni u \I@G?}b%’ﬁ& °1‘F15n§°S§> S&i’ Btpe{qq@hpg Bireges eﬁ«gsae‘sgﬁ\l??fﬂg@c
85[ er Ir 1 C. péitivn dﬂMEEII Pst added to/tie ehctor $Sll@aved by Qﬁ% additiom of 42
persul fate ed 1
kettl e. h%‘%%sgét y% eh g?%&wﬁe{ggyg “g5[err: 83‘ E%oq hen
cooled to Aﬁenthaaﬁrpunutahoédannvmetcefrﬂas gramscofspditmypersultpte dissblveddn 20The
final |at Pde‘i&iu!z &ufafa&tfva;a&a P8 8kl redlion nfMird wid el £ 1t

size of 5 nm An Ciratlon S good core en lon Wth only
5.0% core ‘Eﬂe?ﬁ%x erPFy %?P%Weﬁea?ﬂﬁe THBPEF Athed
to be O. 57&5 mfoﬁhedpmeﬁixalmtécllrx]adesohdmmqw@mowmmunmhﬁafalsk
was equp e stirer I ter. nit en_.inle nd. g ef | ux
condenser .P %ﬁﬁgﬁtﬂ% ApAsid %g wed B9 J[%’g? 3 {'bé’ heat ed
to 86[ err ] @y carenadid ugmatae nbbpdey denﬁty ofﬁumpohymhrmstdetemmd tode
added 3.8 @gfggsgﬂf sodi um persul fate di ssolved in 30 grans of deionized

wat er. This was®imredi ately foll owed by 189.9 grans of the core prepared in
Exanpl e 5. A nononer enulsion (ME I) was prepared by m xing 50 granms of

dei oni zed mgﬁk_xs.%@tmfehﬁé&edmuﬁdw@nﬁﬁsm ﬁiptﬁéawwh €ddlel06. 8

Sude Lo (e ik MifneBl e, an P r BT, dmdifsel Defonize %ﬁ?ofé’as

80[err]. lgnamwapladdﬂdrto ¢he kettle aaddm&djtqﬁﬁ?ﬁimd@mmulogm @mospl)ereéﬁo
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H

O o of sogeAkdetkels vl ﬁs%?%??é%%&“ﬁ %%?@@ P
initial pogrtampfcﬁeimzae was gmpnpdintsly followrecby %gsﬁq&o
gr ams/ m nugcge pit a&edhﬂﬂvtam 21A9m@ftéﬂﬁrefmﬂ§idh (MBBwhidH a8 ph in

75 grams of . de| |zed cof to the arate
gr anms/ ni nUTEINE ?’p 2%% %&%) 32’? Efﬁ’asé’é }o 25
grams/ m nmematrgelateeH:%B grameobmﬂﬂm«&adyéam@mcMﬂgxMSMmeﬁha@heacxd

92[err]C #@W&e@b‘lﬁe&&tﬂe@ca’ﬁt&&@@% fﬁﬁﬂﬁteaat@%}xﬁge?aﬂ}egf%"am of
4- hydr oxy _TEMPO g{iﬁ%@p gr of dei @ni zed ter was _added t he ction

m xt ure andPPR&O $4ORE MUIIRLY emuigien ature
reached S%Nmbgogmnﬁefdexbﬂﬁédmﬂerm fSDs,Jaixamagﬁmw&sqadﬂed to

the react og. YfSl 2 )ér;lgg v Ve @ ind et aside. The initial portion of ME II
was added to the kettle at a rate of 25 grams/minute and a mixture of 1.9 grams of
sodium persulfate dissolved in 75 grams of deionized water was co-fed to the reactor
atarate of 2.5 grams/minute. The temperature of .the reaction mixture was
allowed to increase to 92°C. Upon completion of the ME II and co-feeds a mixture of
8 grams of 4-hydroxy TEMPO and 8 grams of deionized water was added to the
kettle and the batch was cooled to 85°C. When the reaction mixture reached 85°C,
the held back portion of ME II (91.4 grams) was added to the reactor followed by the
addition of 42 grams of ammonium hydroxide. The reaction mixture was held 5
minutes at 85°C. After the 5 minute hold a mixture of 0.95 grams of sodium
persulfate dissolved in 20 grams of deionized water was added to the kettle. The
reaction mixture was held for 30 minutes at 85°C and then cooled to room
temperature and filtered to remove any coagulum formed. The final latex had a
solids content of 27.4%, a pH of 9.9, and a particle size of 440 nm. An acid titration




32 grans of ammoni um hydroxi de. The reaction m xture was held 5 m nutes at
35[err]C After the 5 mnute hold a m xture of 0.95 grans of sodi um

persul fate di ssolved in 20 granms of deionized water was added to the
kettle. The reaction m xture was held f 30 minutes at 85[err]C and then

cooled to r,00 rature and filtere ermveaycoa ulum fornmed. The
final I|ateS9w gégnggpp%eltqgﬁgglﬁpog E}?Q@iy %B%I-‘F%Qa ‘titratable. Thedry densitysi ze
of 577 nm whas calkcuthtéd to bé 06072 gpeed good core encapsulation with only 5.0%
core acid titratable. The dry enS|ty of this polyner was determined to be

0.5605 g/cc. Exanple 22 A 5-liter, four necked round bottom flask was
equi pped V\EMB& :eAdt-liter chour nhdced)mmdrbottnmnfhgb nvasrqunppﬁlmthqjdddie

d &atbrieles o ted
¢ 8”82[”25?]%@3%‘3?# MoriPled mitrbg ferato: éﬂ“‘?ﬂ“‘* ?Qké‘??%‘*“”ﬁt‘?er WZ‘;‘ °
added 3.8 &M% %@&‘fﬁiﬁskt}m&f B? goawmmp ez bel

ter. Thithelemtédkemtiieavatey whasladded . a&@oﬁmﬁ d
S o & AP AR 6 s P B BB e 2. o
dei oni zed & %ﬁ%@%ﬁggﬂﬁw‘ggg‘a 106. 8
grams of n@qm;prepmdaoﬂiﬂam;ﬂg 3aﬁdn®mnggrmﬂeﬂom®m®av§s pr.epacedalbpmixn%s
683?&%#?&1\5%%&5&3&?&%% none emfl SW@P& was pr argj ES
m Xxi ng 190 Rﬁfgﬁﬁ’r}'@ 4 ganms of methacriligacidang was of
styrene. Fadﬂndxﬁﬂxbke@ﬂedtgfmfmrgaﬁe t@&ﬂaﬁe&h @atire.of 802 Upbhi al

7 xt ur o SopleolBENE TR Seh t°%¥%§%%lﬂ%@@%@i%ﬁ) ?ﬁegs%&%hm“’m pg ©
dei oni zed 14 granwof drioriiaed meater 8.8 grantsaf SDIS, and §26 gpam2 ob siyrems /FriomME
The temperalon £efims Wase RGP End sl Vﬁfeﬁ.k&aﬁ%%{ﬁ?gkgraﬁ% gdﬁroxy

Upon conpl eti.on of he cq- feeds m Xt u
Fegrettia

TEMPO and Ngr%e"dnwépgﬂu%l dha pagturg of A& gramsiaf sedimmnhe bat ch
was cool e mﬂa[eetmdoﬁred/ﬁﬂs déiénizedPeited was co-fat irtheGeh@bf afa the

hel d backdﬁgé%agsf I _ruams was ggded 50 t he reactor fo?%

Efgl Ejhg %dﬂm@gsaﬁom aziicompbglo;;eéthemggadm-&edsammws aﬁﬁograms
of sodi um g $R4'% ahﬂo?g to
e el R R S

The fi nal pmm JfMEA] (14 ghants) Warddded tBQhé%ac&)rFfU}lev‘Nea(bylﬂxe&Gﬁni’orpéf 42 C| e
size of Sloafil of dnAbhiuh Hyd#bkidd. THUBSLARRGH G waD RERES 1Bk Q0 aPbd.
After the 5 minute hold a mixture of 0.95 grams of sodium persulfate dissolved in 20
grams of deionized water was added to the kettle. The reaction mixture was held for
30 minutes at 85°C and then cooled to room temperature and filtered to remove any
coagulum formed. The final latex had a solids content of 27.3%, a pH of 10.2, and a
particle size of 370 nm. An acid titration showed good core encapsulation with only
2.5% core acid titratable. The dry density was calculated to be 0.6466 g/cc.

Example 20: A 5-liter, four necked round bottom flask was equipped with paddle
stirrer, thermometer, nitrogen inlet, and reflux condenser. Deionized water, 1400
grams, was added to the kettle and heated to 86°C under a nitrogen atmosphere. To
the heated kettle water was added 3.8 grams of sodium peréulfate dissolved in 30
grams of deionized water. This was immediately followed by 271.5 grams of the
core prepared in Example 4. A monomer emulsion (ME I) was prepared by mixing
50 grams of deionized water, 3.0 grams of SDS (23%), 10.8 grams of butyl
methacrylate, 106.8 grams of methyl methacrylate, and 2.4 grams of methacrylic acid
and was added to the kettle at a rate of 4.5 grams /minute at a temperature of 80°.



only 2.5%core acid titratable. The dry density of this polyner was
determned to be 0.5979 g/cc. Exanple 23. A 5-liter, four necked round
bottom fl ask was equi pped with paddle stirrer, thernoneter, nitrogen inlet,
and reflux condenser. Deionized water, _1700 33 granms, was added to the
kettle and_heated to 86[err] C under a rogen at npos here To the heated
kettl e watlépo m@@ rdeesond nwmmmubm IBiwasopreparechbr0 gr ans

of dei oni zAGiNG thséfaﬁanizaawtaf 8le/gr &\@B@m@?én@m bt t he

i xing 50 e o ” Q%ﬁ; 5@6%@%@@”}%@6& yside “@ﬁ%ﬁg\?&?éor%p%t Yl
met hacryl zMEIIis&Ga&dgd&athoket&eiahylraﬂemf f}dms /aninamelaid 4 mixaare ¢ff1.9
met hacryl i réing fﬁgo d%aérgv rc%_r@éd/tgi nut e

at a terrp a ure o{iﬂﬁﬁﬁﬁg hon” corrp a_second monomer

emul si on (thereactoras: Sgrensfioinyte. (B tgmparatire obitbe ketle isalleweds. 8
grgms ?f $58ncranck t630°0! Qf)t éﬁ&ﬂ@fwtéﬁjrfmm&agg-fgédtsﬂaﬁﬁmewswved
and set asi e i ion o was added .t.o.the

rate of 25’@"%%%7%%@&’%? Hopized water was agded &g ﬂ&"rrﬁﬁé’ﬂe ate
di ssol ved the batchgraseoaiéd the837A. Yehemihtedketilate aeﬁa&ctetreadhtd&seéicﬂwhdd a

fﬁtc?eilezt"%cg%??é%?wﬂéﬁ’eﬁ%@ i 4t A DR o,

of 8 granm®fd? gramsef spynamgohydroxide;r Bhe ceritentsiof the teactentwerekeld 3dded t o
the kett| enifided &tB50@at Qﬂtftéd@ﬁe 59@:&% heldBPhextur&of U\bsdgﬂlﬁgok%dﬁﬁn

tenperature reach t he | d bac ortion gr ams)
vvarsmaddedHeS ﬁ?&ﬁgjﬁﬁ bﬁl% %?We&ﬁ J?E{VEtgﬁé‘egi e. ZB&oni um
hydr oxi de rea'dtmnmactur@wasrhnldﬁoeS'B/amdméschtBSPﬁZmﬂetheﬁtoﬂéﬁeombﬁn After the 5
mntehol f ed. in 20
gralr:s of (5 %nl zeaéjéﬁqgite%}adgt%%ta%g%ggh gnﬁ% fé’%&%‘?‘ﬁ% ?Jre was
hel d for sghﬁs pentest of 2850k Lol 012 ancha pettidlel size of S2Mnmampay adidil ngaam
filtered tsRoWRADYSod BIrecdRt ma%&m&%m}fsm%'ca?é adidqeratdie. The

content of, 26, 69 and,a pa e of 650 nm An Cld
titration SERSHRE %5}865"'_‘38?%’@%3 ‘?dg fF

€5. 4% core acid
tltratable The dry density of this poI ymer vvas determ ned to be 0.5804

/ A t . kpped
o h pacaEate 21l 25t four ditked SR bOANI AR R RaiiBREq VAl BIMIRY
Dei oni zed Sm&e@m@ammm xeﬂwcmnldemﬂre Deienired weaten, 3786 err ] C
under a nigrigewasad@ed ket ket@e and heated to 86°C under a nitrogen atmosphere. To

the heated kettle water was added 3.8 grams of sodium persulfate dissolved in 30
grams of deionized water. This was immediately followed by 189.9 grams of the
core prepared in Example 5. A monomer emulsion (ME I) was prepared by mixing
50 grams of deionized water, 3.0 grams of SDS, 10.8 grams of butyl methacrylate,
106.8 grams of methyl methacrylate, and 2.4 grams of methacrylic acid and was
added to the kettle at a rate of 4.5 grams /minute at a temperature of 80°. Upon
completion of ME I a second monomer emulsion (ME II) was prepared by mixing
190 grams of deionized water, 3.8 grams of SDS, and 720 grams of styrene. From ME
II, 137 grams were removed and set aside. The initial portion of ME II was added to
the kettle at a rate of 12.5 grams/minute and a mixture of 1.9 grams of sodium
persulfate dissolved in 75 grams of deionized water was co-fed to the reactor ata
rate of 2.5 grams/minute. After 10 minutes the feed rate of ME II was increased to
25 grams/minute. The temperature of .the kettle was allowed to increase to 92°C.
Upon completion of the ME II and co-feeds a mixture of 8 grams of 4-hydroxy
TEMPO and 8 grams of deionized water was added to the reaction mixture and the
batch was cooled to 85°C. When the kettle temperature reached 85°C, the held back
portion of ME II (137 grams) was added to the reactor followed by the addition of 42
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the heated kettle water was added 3.8 grans of sodi um persul fate di ssol ved
in 30 grans of deionized water. This was imedi ately foll owed by 188.0
grans of the core prepared in Exanple 8. A nononer enulsion (ME |) was
prepared by m xi ng 50 grans of deionized water, 3.0 grans of SDS, 12.0
grans of butyl nmethacrylate, 105.6 gra®s of nethyl nmethacrylate, and 2.4

grams of rgrhﬁawfnhuﬁoﬁﬁmd hydeoide. 'Bﬂélﬁékchentdasctﬂxﬁtwhaa Smiraites & 853C0

rams / m ny ure CUp n 0 cond
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of the MEOL360Bgcco-feeds a mixture of 8 grams of 4-hydroxy TEI\/PO and 8
grans of deionized water was added to the reaction m xture and the batch

was cooled to 85[err] C Wien the tenperature of the kettle reached 85[err]C,
t he hel d m ew@unne@kqdr@}mdrby&mﬂme@npp@dmatp@d e

];nol(lt S\rNgdw?s held 5 bhié@&eﬁ!litr 2 e%?ﬂ%e ﬁ?{ ?Z@jlog 95
O of " Seaa s Gt o reertiE E\e?{?dzte%&rg ¢ & qUORT ahsahere-do.

?ﬁgﬁdcggl the hkstetllettld Watdtoirad aldmﬁsf&gksméofsa&umpuisasawd@@ﬂﬁd hfst?g?ned
The fi nal Pglqa#’g %%ggrg%s%ﬁ;% mﬁi {e%aecggytt%noﬁﬁﬁg\’@?%‘@ dAa particle

si ze of 1ze®e prapared ivExampler c’atA(mpmmglmn )meppgp,aradl rmiging onl y

U

tzooboeA) gozgoéqg#‘gtgf%%ﬁbédewa&esd?-l iter, four ?9 r ot ff;nsﬂed

was equi p ;?EEB&E‘YEWEWY g’&éﬂ' m@fanémsr ef | ux

condenser addeddoithekettletata, rat0if@. 5grans /mut‘uki ttarekeﬁ&@e hga’&ed
86C

38 or a‘éé‘%ﬁ%@%?n? %é"-‘}‘s%‘ R b forpfd s*&*“?%ﬁég?fﬁiﬁ%ﬁe&? er

This was i1Rfguams of deiomizasi waten,3.8 gears gf SR, efrom ME
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dei oni zed twaicetrﬂe at'aratd &'s. 8f asrggfn&r%ut% a%daanﬁuggure po grnea&sh% sa/éhat v
persulfate dissolved in 75 grams of deionized water was co-fed to the reactor at a
rate of 2.5 grams/minute. The temperature of .the reaction mixture was allowed to
increase to 92°C. Upon completion of the ME II and co-feeds a mixture of 8 grams of
4-hydroxy TEMPO and 8 grams of deionized water was added to the kettle and the
batch was cooled to 85°C. When the kettle temperature reached 85°C, the held back
portion of ME II (91.4 grams) was added to the reactor followed by the addition of 42
grams of ammonium hydroxide. The reaction mixture was held 5 minutes at 85°C.
After the 5 minute hold a mixture of 0.95 grams of sodium persulfate dissolved in 20
grams of deionized water was added to the kettle. The reaction mixture was held for
30 minutes at 85°C and then cooled to room temperature and filtered to remove any
coagulum formed. The final latex had a solids content of 26.6%, a pH of 10.1, and a
particle size of 515 nm. An acid titration showed good core encapsulation with
only 2.5% core acid titratable. The dry density of this polymer was determined to be
0.5979 g/ cc.

Example 23: A 5-liter, four necked round bottom flask was equipped with paddle
stirrer, thermometer, nitrogen inlet, and reflux condenser. Deionized water, 1700



105.6 grans of nethyl nethacrylate, and 2.4 grans of nethacrylic acid and
-was added to the kettle at a rate of 3.0 grans /mnute at a tenperature of
80[ err] C Upon conpl etion of ME I a second nonomer enulsion (ME Il) was
prepared by m xi ng 160 grans of deioniz water, 3.2 granms of SDS, 600
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particle size of 650 nm. An acid titration showed good core encapsulation with
only 5.4% core acid titratable. The dry density of this polymer was determined to be
0.5804 g/cc.

Example 24: A 5-liter, four necked round bottom flask was equipped with paddle
stirrer, thermometer, nitrogen inlet, and reflux condenser. Deionized water, 2000
grams, was added to the kettle and heated to 86°C under a nitrogen atmosphere. To
the heated kettle water was added 3.8 grams of sodium persulfate dissolved in 30
grams of deionized water. This was immediately followed by 188.0 grams of the
core prepared in Example 8. A monomer emulsion (ME I) was prepared by mixing
50 grams of deionized water, 3.0 grams of SDS, 12.0 grams of butyl methacrylate,
105.6 grams of methyl methacrylate, and 2.4 grams of methacrylic acid and was
added to the kettle at a rate of 3.0 grams /minute at a temperature of 80°C. Upon
completion of ME I a second monomer emulsion (ME II) was prepared by mixing
160 grams of deionized water, 3.2 grams of SDS, 600 grams of styrene, and 1.5 grams
of allyl methacrylate. From ME II, 114 grams were removed and set aside. The initial
portion of ME II was added to the kettle at a rate of 12.5 grams/minute and a



160 grans of deionized water, 3.2 grans of SDS, 600 grans of styrene, and
-3.0 grans of divinyl benzene. From ME Il, 114 grans were renoved and set
aside. The initial portion of ME Il was added to the kettle at a rate of
125 grans/ mnute and a m xture of 1.9 ? ans of sodi um persul fate di ssol ved
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105.6 grams of methyl methacrylate, and 2.4 grams of methacrylic acid and was
added to the kettle at a rate of 3.0 grams /minute at a temperature of 80°C. Upon
completion of ME I a second monomer emulsion (ME II) was prepared by mixing
160 grams of deionized water, 3.2 grams of SDS, 600 grams of styrene, 3.0 grams of
linseed oil fatty acid and 1.5 grams of allyl methacrylate. From ME II, 114 grams
were removed and set aside. The initial portion of ME II was added to the kettle ata
rate of 12.5 grams/minute and a mixture of 1.9 grams of sodium persulfate
dissolved in 75 grams of deionized water was co-fed to the reactor at-a rate of 2.5
grams/minute. After 10 minutes the rate of ME II was increased to 25
grams/minute. The temperature of .the reaction mixture was allowed to increase to
92°C. Upon completion of the ME II and co-feeds a mixture of 8 grams of 4-hydroxy
TEMPO and 8 grams of deionized water was added to the reaction mixture and the
batch was cooled to 85°C. When the kettle temperature reached 85°C, the held back
portion of ME II (114 grams) was added to the reactor followed by the addition of 38
grams of ammonium hydroxide. The contents of the kettle were held 5 minutes at
85°C. After the 5 minute hold a mixture of 0.95 grams of sodium persulfate dissolved




at arate of 2.0 grans/ mnute. After 10 mnutes the rate of ME Il was

i ncreased to 25 grans/ mnute. The tenperature of the reaction m xture was

allowed to increase to 92[err]C. Upon conpletion of the ME 11 and co-feeds

a mxture of 8 grans of 4- hydroxy TEMPO and 8 grans of deionized water was

added to the reaction mixture and the b¥ch was cooled to 85[err]C. - Wen

t he react iin20rgramsraf detenibediwabdrowad £&2dedto ﬂelkétlﬂlad]herhat&hms heldVior BO ( 137
rans) wa o, t I teh

arons um R grss ot 85" hd @6 bled ol BUf entpdr S AiRe o LanBhERRy 7

After the @asuhméom Thefiral jatexdia d)asréil@rmemtfofé’ad‘}’ummﬂrcéaﬂﬁamda

di 550l ved paridle AP 1/5 sial QU 4Qd tleRin Sork RAiciiSutdtfon

reaction él}l’é érse%vvas he forbsoﬁs,#yés al 8 C and t CcoQ

room t enpetray H0%e Aeidy leg @ IPB}WF%WE%I e‘FﬁEmf-‘F @ be

| at ex had (43531g/ds. content of 25.0 % a pH of 10.2, and a particle size of

276 nm An acid titration showed good core encapsul ation with only 4.5 %

core acid titratable. The dry density of this polymer was determ ned to be
0. 6985 g/ dixanmled6: A temmmckedrowdbnameﬂaslowasieqmppedwﬁthphddhs

equi pped \WirerPRRFRNtdter, nftho RO !
condenser . Delronl zeg v?:ﬁgr é{ﬂ@ﬁ;ﬁa?\%mg; toIﬂll et'??a fzgy(zeat ed
to 86[ er r FEARNGWRS 29IF ﬁﬁgﬂ te tPc?q mﬁéﬂﬂﬁgﬁﬁ RENQER
added BTﬁ the heatedfketthelinaterpwasaddet @.8@1’51&9 lo# g6diufin persplfarsdiséolded &DB@ ed g
wat er . i | JPE core ared in
Exanpl e 1 rr%éno ner '%rrﬁjla OW%?B&@H’%@W% 8%&%% of
dei oni zed cwm prepaged inyExamplst 10505 mororgenemudsiari (MEL) vasprepared Ibgrtm;xxﬁg,S 6
grams of  BigiinsBldMSiYd Water’ D8 ghaths te/aS
added to t@g kettl e at?tga{{ at g?’ggsmf?nig[%m%wtgnperat e 6f
g0[err] C. 10p&ErapmRtian G'fe?ﬁvslr @@é&ﬁm ethagrdicasd ard was was
pr epar e](cj laddeetd ¢ rthe k&@legtarmtaligfliﬂzgﬁmiﬁ!ﬁumie&rt,a t&nﬁp;emg%pao@&l w$h720
granms of sy ed and set, asi e e
it al . partiFinon SRR P second orioet PRl (T was Picesieq f
gr ans/ ni nd6@ gzarms of deionizes water, 332g'rm obHSDS, 6087granresi ofrstxmne,mrfdﬂ 8 grams
di ssol ved gf dividvDb&iZena! 8mb
rate of 2.0 1 gk\g& utge (MEZI%(: %ﬁgg@%ﬁe rategdgﬁd%ﬁ&was élncr eased
to 25 gra®® ﬁﬁ'«!aﬁ to thekesile atarate of (125 grams/miauigandal oned t o
i ncrease tmix&djecsfl] Tgtdnsof sodiius pasmﬁtemotﬁd in 75 -dfel%ﬁﬁuﬁedwléﬂ e of
?eggf‘ing n”wa% co—hﬁéﬁrtB)ﬁ{e TEES A0 ate & 355r3nsT 3k KerldPf PhnidlSs Addede bp the

ME II Was increased to 25 grams/minute. The temperature of .the reaction mixture

was allowed to increase to 92°C. Upon completion of the ME II and co-feeds a

mixture of 8 grams of 4-hydroxy TEMPO and 8 grams of deionized water was added

to the reaction mixture and the batch was cooled to 85°C. When the kettle

temperature reached 85°C, the held back portion of ME II (114 grams) was added to

the reactor followed by the addition of 38 grams of ammonium hydroxide. The

reaction mixture was held 5 minutes at 85°C. After the 5 minute hold a mixture of

0.95 grams of sodium persulfate dissolved in 20 grams of deionized water was

added to the kettle. The reaction mixture was held for 30 minutes at 85°C and then

cooled to room temperature and filtered to remove any coagulum formed. The final

latex had a solids content of 22.1%, a pH of 10.0, and a particle size of 907 nm. An

acid titration showed good core encapsulation with only 2.0 % core acid titratable.

The dry density of this polymer was determined to be 0.4648 g/cc.

-

Example 27: A 5-liter, four necked round bottom flask was equipped with paddle
stirrer, thermometer, nitrogen inlet, and reflux condenser. Deionized water, 2200
grams, was added to the kettle and heated to 86°C under a nitrogen atmosphere. To



and the batch was cooled to 85[err]C. Wien the reaction m xture reached,
-85[err]C, the held back portion of ME (91.4 grans) was added to the
reactor followed by the addition of 42 grans of amoni um hydroxi de. The
reaction m xture was held 5 mnutes at3g85[err]C After the 5 mnute hold a
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encapsulation with only 4.5 % core acid titratable. The dry density of this polymer

was determined to be 0.6985 g/cc.
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Example 28: A 5-liter, four necked round bottom flask was equipped with paddle
stirrer, thermometer, nitrogen inlet, and reflux condenser. Deionized water, 2200
grams, was added to the kettle and heated to 86°C under a nitrogen atmosphere. To
the heated kettle water was added 3.8 grams of sodium persulfate dissolved in 30
grams of deionized water. This was immediately followed by 190.5 grams of the
core prepared in Example 12. A monomer emulsion (ME I) was prepared by mixing
100 grams of deionized water, 6.0 grams of SDS, 21.6 grams of butyl methacrylate,
213.6 grams of methyl methacrylate, and 4.8 grams of methacrylic acid and was
added to the kettle at a rate of 6.0 grams /minute at a temperature of 80°C. Upon
completion of ME I a second monomer emulsion (ME II) was prepared by mixing
190 grams of deionized water, 3.8 grams of SDS, and 720 grams of styrene. From
MEII, 91.4 grams were removed and set aside. The initial portion of ME II was
added to the kettle at a rate of 12.5 grams/minute and a mixture of 1.9 grams of



38 kettle. The reaction mxture was held for 30 m nutes at 85[err]C and
-then cooled to roomtenperature and filtered to renove any coagul um f or nmed.
The final latex had a solids content of 24.9 % a pH of 10.2, and a
particle size of 284 nm An acid tltrag,r on showed good core encapsul ation
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condenser oqlRHGB RERettRla? a rate¥FY.0 grams /minute at a temperature of 80°C. Upon
completion of ME I a second monomer emulsion (ME II} was prepared by mixing
190 grams of deionized water, 3.8 grams of SDS, 720 grams of styrene, and 3.6 grams
of linseed oil fatty acid. From ME II, 137 grams were removed and set aside. The
initial portion of ME II was added to the kettle at a rate of 12.5 grams/minute and a
mixture of 1.9 grams of sodium persulfate dissolved in 75 grams of deionized water
was co-fed to the reactor at a rate of 2.0 grams/minute. After 10 minutes the rate of
ME II was increased to 25 grams/minute. The temperature of .the reaction mixture
was allowed to increase to 92°C. Upon completion of the ME I and co-feeds a
mixture of 8 grams of 4-hydroxy TEMPO and 8 grams of deionized water was added
to the reaction mixture and the batch was cooled to 85°C. When the reaction mixture
reached 85°C, the held back portion of ME II (91.4 grams) was added to the reactor
followed by the addition of 42 grams of ammonium hydroxide. The reaction
mixture was held 5 minutes at 85°C. After the 5 minute hold a mixture of 0.95 grams
of sodium persulfate dissolved in 20 grams of deionized water was added to the
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grans, was added to the kettle and heated to 86[err]C under a nitrogen

at nosphere. To the heated kettle water was added 3.8 grans of sodium
persul fate di ssolved in 30 39 granms of deionized water. This was
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92°C. Upon completion of the ME II and co-feeds a mixture of 5.6 grams of 4-
hydroxy TEMPO and 5.6 grams of deionized water was added to the reaction
mixture and the batch was cooled to 85°C. When the reaction mixture reaches 85°C,
the held back portion of ME Il (64.0 grams) was added to the reactor followed by the
addition of 26.6 grams of ammonium hydroxide. The reaction mixture was held 5
minutes at 85°C. After the 5 minute hold a mixture of 0.67 grams of sodium
persulfate dissolved in 14 grams of deionized water was added to the kettle. The
reaction mixture was held for 30 minutes at 85°C and then cooled to room
temperature and filtered to remove any coagulum formed. The final latex had a
solids content of 24.5 %, a pH of 10.2, and a particle size of 196 nm. An acid
titration showed good core encapsulation with only 2.0 % core acid titratable. The
dry density of this polymer was determined to be 0.7955 g/ cc.

Example 31: A 5-liter, four necked round bottom flask was equipped with paddle
stirrer, thermometer, nitrogen inlet, and reflux condenser. Dejonized water, 2000
grams, was added to the kettle and heated to 86°C under a nitrogen atmosphere. To
the heated kettle water was added 3.8 grams of sodium persulfate dissolved in 30
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Example 32: A 5-liter, four necked round bottom flask was equipped with paddle
stirrer, thermometer, nitrogen inlet, and reflux condenser. Deionized water, 1700
grams, was added to the kettle and heated to 86°C under a nitrogen atmosphere. To
the heated kettle water was added 3.8 grams of sodium persulfate dissolved in 30
grams of deionized water. This was immediately followed by 191.5 grams of the
core prepared in Example 16. A monomer emulsion (ME I} was prepared by mixing
50 grams of deionized water, 3.0 grams of SDS (23%), 10.8 grams of butyl
methacrylate, 106.8 grams of methyl methacrylate, and 2.4 grams of methacrylic acid
and was added to the kettle at a rate of 3.0 grams /minute at a temperature of 80°C.
Upon completion of ME ], a second monomer emulsion (ME I} was prepared by
mixing 190 grams of deionized water, 3.8 grams of SDS (23%), 720 grams of styrene,
and 3.6 grams of divinyl benzene. From ME II, 137 grams were removed and set
aside. The initial portion of ME II was added to the kettle at a rate of 12.5
grams/minute and a mixture of 1.9 grams of sodium persulfate dissolved in 75
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grams of GERANYHEAY NI HD6'EERms of methyl methacrylate, and 2.4 grams of
methacrylic acid and was added to the kettle at a rate of 4.5 grams /minute ata
temperature of 80°C. Upon completion of ME I, a second monomer emulsion (ME
II) was prepared by mixing 190 grams of deionized water, 3.8 grams of SDS (23%),
and 720 grams of styrene., From ME II, 137 grams were removed and set aside. The
ME Il ' was added to the kettle at a rate of 25.0 grams/minute and a mixture of 1.9
grams of sodium persulfate dissolved in 75 grams of deionized water was co-fed to
the reactor at a rate of 2.5 grams/minute. The temperature of the batch was allowed
to increase to 92°C. Upon completion of the ME II and co-feeds the batch was cooled
to 85°C (no inhibitor added). When the kettle temperature reached 85°C, the held
back portion of ME II (137.0 grams) was added to the kettle followed by the addition
of 42 grams of ammonium hydroxide. The kettle temperature was held at 85°C for 5
minutes . After the 5 minute hold a mixture of 0.95 grams of sodium persulfate
dissolved in 20 grams of deionized water was added to the kettle. The contents of
the kettle were held for 30 minutes at 85°C and then cooled to room temperature and
filtered to remove any coagulum formed. The final latex had a solids content of 27.5
%, a pH of 10.1, and a particle size of 320 nm. An acid titration showed good core
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grams of deionized water was added to the kettle. The contents of the kettle were

held for 30 minutes at 85°C and then cooled to room temperature and filtered to

remove any coagulum formed. The final latex had a solids content of 27.7 %, a pH of

10.1, and a particle size of 406 nm. An acid titration showed more core acid

titratable (8.7%) compared to example #17. The dry density of this polymer was

determined to be 0.6906 g/cc.

Example 35: {Comparative) A 5-liter, four necked round bottom flask was
equipped with paddie stirrer, thermometer, nitrogen inlet, and reflux condenser.
Deionized water, 1700 grams, was added to the kettle and heated to 86°C under a
nitrogen atmosphere. To the heated kettle water was added 3.8 grams of sodium
persulfate dissolved in 30 grams of deionized water. This was immediately followed
by 1998.0 grams of the core prepared in Example 1. A monomer emulsion (ME I)
was prepared by mixing 50 grams of deionized water, 3.0 grams of SDS (23%), 10.8
grams of butyl methacrylate, 106.8 grams of methyl methacrylate, and 2.4 grams of
methacrylic acid and was added to the kettle at a rate of 4.5 grams /minute at a
temperature of 80°C. Upon completion of ME I, a second monomer emulsion (ME
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was equipped with paddle stirrer, thermometer, nitrogen inlet, and reflux condenser.
Deionized water, 1700 grams, was added to the kettle and heated to 86°C under a
nitrogen atmosphere. To the heated kettle water was added 3.8 grams of sodium
persulfate dissolved in 30 grams of deionized water. This was immediately followed
by 189.9 grams of the core prepared in Example 5. A monomer emulsion (ME I) was
prepared by mixing 50 grams of deionized water, 3.0 grams of SDS, 10.8 grams of
butyl methacrylate, 106.8 grams of methyl methacrylate, and 2.4 grams of
methacrylic acid and was added to the kettle at a rate of 4.5 grams /minute at a
temperature of 80°. Upon completion of ME I a second monomer emulsion (ME II)
was prepared by mixing 190 grams of deionized water, 3.8 grams of SDS, and 720
grams of styrene. ME II was added to the kettle at a rate of 12.5 grams/minute and a
mixture of 1.9 grams of sodium persulfate dissolved in 75 grams of deionized water
was co-fed to the reactor at a rate of 2.5 grams/minute. After 10 minutes the feed
rate of ME Il was increased to 25 grams/minute. The temperature of the kettle was
allowed to increase to 92°C. When 777 grams of ME II had been fed to the kettle, 42
grams of ammonium hydroxide were then added to the kettle. Upon completion of
the ME II and co-feeds the batch was held for 5 minutes at 92°. After the 5 minute
hold the batch was cooled to 85°C and a mixture of 0.95 grams of sodium persulfate
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grams of ammonium hydroxide were then added to the kettle. Upon completion of
the ME Il and co-feeds the batch was held for 5 minutes at 92°. After the 5 minute
hold the batch was cooled to 85°C and a mixture of 0.95 grams of sodium persulfate
dissolved in 20 grams of deionized water was added to the kettle. The contents of
the kettle were held for 30 minutes at 85°C and then cooled to room temperature and
filtered to remove any coagulum formed. The final latex had a solids content of 26.5
%, a pH of 10.2, and a particle size of 725 nm which was an increase in particle size
over Example 21 (577 nm). The increased particle size is an indication of particle
aggregation caused by an increase in the amount of core acid in the aqueous phase
and indeed an acid titration showed high core acid titratable (18.5%) compared to
Example 21. The dry density of this polymer was determined to be 0.6284 g/ cc.

Example 38: (Comparative) A 5-liter, four necked round bottom flask was
equipped with paddle stirrer, thermometer, nitrogen inlet, and reflux condenser.
Deionized water, 1700 grams, was added to the kettle and heated to 86°C under a
nitrogen atmosphere. To the heated kettle water was added 3.8 grams of sodium



prepared by m xi ng 50 grans of deionized water, 3.0 grans of SDS, 10.8
granms of butyl nethacrylate, 106.8 grans of nethyl nethacrylate, and 2.4
grans of methacrylic acid and was added to the kettle at a rate of 4.5
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grams of deionized water. This was immediately followed by 189.9 grams of the
core prepared in Example 5. A monomer emulsion (ME I} was prepared by mixing
50 grams of deionized water, 3.0 grams of SDS, 10.8 grams of butyl methacrylate,
106.8 grams of methyl methacrylate, and 2.4 grams of methacrylic acid and was
added to the kettle at a rate of 4.5 grams /minute at a temperature of 80°. Upon
completion of ME I a second monomer emulsion (ME II) was prepared by mixing
190 grams of deionized water, 3.8 grams of SDS, and 720 grams of styrene. From ME
11, 137 grams were removed and set aside. The initial portion of ME II was added to
the kettle at a rate of 12.5 grams/minute and a mixture of 1.9 grams of sodium
persulfate dissolved in 75 grams of deionized water was co-fed to the reactor ata
rate of 2.5 grams/minute. After 10 minutes the feed rate of ME II was increased to
25 grams/minute. The temperature of .the kettle was allowed to increase to 92°C.
Upon completion of the ME II and co-feeds a mixture of 1 gram of N, N,-
diethythydroxylamine and 16 grams of deionized water was added to the reaction
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sodi um Pe 33 fg%&ﬁ\s%ésr%m ¥®Ved and set aside. The initial portion of ME Il was added to
the kettle at a rate of 12.5 grams/minute and a mixture of 1.9 grams of sodium
persulfate dissolved in 75 grams of deionized water was co-fed to the reactor ata
rate of 2.5 grams/minute. After 10 minutes the feed rate of ME II was increased to
25 grams/minute. The temperature of the kettle was allowed to increase to 92°C.
Upon completion of the ME II and co-feeds, 42 grams of a 1% solution of 4-
nitrosophenol magnesium salt in water was added to the contents of the kettle and
the batch was cooled to 85°C. When the kettle temperature reached 85°C, the held
back portion of ME II (137 grams) was added to the reactor followed by the addition
of 42 grams of ammonium hydroxide. The reaction mixture was held 5 minutes at
85°C. After the 5 minute hold a mixture of 0.95 grams of sodium persulfate dissolved
in 20 grams of deionized water was added to the kettle. The reaction mixture was
held for 30 minutes at 85°C and then cooled to room temperature and filtered to

_ remove any coagulum formed. The final latex had a solids content of 26.8%, a pH of

10.2, and a particle size of 585 nm. An acid titration showed good core
encapsulation with only 5.4 % core acid titratable. The dry density of this polymer
was determined to be 0.5481 g/cc.
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in 20 grans of deionized water was added to the kettle. The reaction

m xture was held for 30 mnutes at 85[err]C and then cooled to room
tenperature and filtered to renove any coagul um formed. The final |atex had
a solids content of 26.8% a pH of 10.2, and a particle size of 585 nm An
acid titration showed good core encap ation with only 5.4 %core acid
t|tratable The dry density of this po mer was determ ned to be 0.5481
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to room temperature and filtered to remove any coagulum formed. The final latex
had a solids content of 22.9 %, a pH of 10.3, and a particle size of 976 nm. An acid
titration showed good core encapsulation with only 44 % core acid titratable. The
dry density of this polymer was determined to be 0.5247 g/cc.

Example 42: (Comparative) A 5-liter, four necked round bottom flask was
equipped with paddle stirrer, thermometer, nitrogen inlet, and reflux condenser.
Deionized water, 2000 grams, was added to the kettle and heated to 86°C under a
nitrogen atmosphere. To the heated kettle water was added 3.8 grams of sodium
persulfate dissolved in 30 grams of deionized water. This was immediately followed
by 188.0 grams of the core prepared in Example 8. A monomer emulsion (ME I) was
prepared by mixing 50 grams of deionized water, 3.0 grams of SDS, 12.0 grams of
butyl methacrylate, 105.6 grams of methyl methacrylate, and 2.4 grams of
methacrylic acid and was added to the kettle at a rate of 3.0 grams /minute at a
temperature of 80°C. Upon completion of ME I a second monomer emuision (ME II)
was prepared by mixing 160 grams of deionized water, 3.2 grams of SDS, 600 grams
of styrene, and 1.5 grams of allyl methacrylate. ME II was added to the kettle at a
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net hacryl Hfcbutyy, Oé;ﬁgramsofme y1 methacrylate, and 2.4 grams of
methacrylic aczd and was added to the kettle at a rate of 3.0 grams /minute ata

temperature of 80°C. Upon completion of ME I a second monomer emulsion (ME II)
was prepared by mixing 190 grams of deionized water, 3.8 grams of SDS, and 720
grams of styrene. The ME Il was added to the kettle at a rate of 12.5 grams/minute
and a mixture of 1.9 grams of sodium persulfate dissolved in 75 grams of deionized
water was co-fed to the reactor at a rate of 2.5 grams/minute. After 10 minutes the
rate of ME II was increased to 25 grams/minute. The temperature of the reaction
mixture was allowed to increase to 92°C. Upon completion of the ME II and co-feeds,
42 grams of ammonijumn hydroxide were added to the kettle and the batch was held
at 92°C for 5 minutes. After the 5 minute hold a mixture of 0.95 grams of sodium
persulfate dissolved in 20 grams of deionized water was added to the kettle. The
reaction mixture was held for 30 minutes at 85°C and then cooled to room
temperature and filtered to remove any coagulum formed. The final latex had a
solids content of 25.5 %, a pH of 10.2, and a particle size of 232 nm. An acid titration
showed good core encapsulation with only 6.4 % core acid titratable. The dry
density of this polymer was determined to be 0.9115 g/cc.
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particle size of 268 nm. An acid titration showed fair core encapsulation with 7.2 %
core acid titratable. The dry density of this polymer was determined to be 0.7688

g/cc.
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Example 45: A 5-liter, four necked round bottom flask was equipped with paddle
stirrer, thermometer, nitrogen inlet, and reflux condenser. Deionized water, 2200
grams, was added to the kettle and heated to 86°C under a nitrogen atmosphere. To
the heated kettle water was added 3.8 grams of sodium persulfate dissolved in 30
grams of deionized water. This was immediately followed by 196.1 grams of the
core prepared in Example 13. A monomer emulsion (ME I) was prepared by mixing
100 grams of deionized water, 6.0 grams of SDS, 21.6 grams of butyl methacrylate,
213.6 grams of methyl methacrylate, and 4.8 grams of methacrylic acid and was
added to the kettle at a rate of 6.0 grams /minute at a temperature of 80°C. Upon
completion of ME I a second monomer emulsion (ME II) was prepared by mixing
190 grams of dejonized water, 3.8 grams of SDS, 720 grams of styrene, and 1.8 grams
of allyl methacrylate. From ME II, 137 grams were removed and set aside. The
initial portion of ME II was added to the kettle at a rate of 12.5 grams/minute and a



to the kettle, 42 grans of anmoni um hydroxi de were added to the kettle.
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was prepared by mixing 100 grams of deionized water, 6.0 grams of SDS, 21.6 grams

of butyl methacrylate, 213.6 grams of methyl methacrylate, and 4.8 grams of

methacrylic acid and was added to the kettle at a rate of 6.0 grams /minute ata

temperature of 80°C. Upon completion of ME I a second monomer emulsion (ME II)

was prepared by mixing 190 grams of deionized water, 3.8 grams of SDS (23%), and

720 grams of styrene. ME Il was added to the kettle at a rate of 12.5 grams/minute

and a mixture of 1.9 grams of sodium persulfate dissolved in 75 grams of deionized

water was co-fed to the reactor at a rate of 2.0 grams/minute. After 10 minutes the

rate of ME Il was increased to 25 grams/minute. The temperature of .the reaction

mixture was allowed to increase to 92°C. When 822 grams of ME II had been added

to the kettle, 42 grams of ammonium hydroxide were added to the contents of the

kettle. Upon completion of the ME II and co-feeds the batch was held for 5 minutes

at92°C. After the 5 minute hold a mixture of 0.95 grams of sodium persulfate

dissolved in 20 grams of deionized water was added to the kettle. The reaction

mixture was held for 30 minutes at 85°C and then cooled to room temperature and

filtered to remove any coagulum formed. The final latex had a solids content of 26.1

%, a pH of 10.2, and a particle size of 270 nm. An acid titration showed good core




kettle. The reaction nixture was held for 30 mnutes at 85[err]C and then
. cooled to roomtenperature and filtered to renove any coagulum fornmed. The
“final latex had a solids content of 25.6.% a pH of 10.1, and a particle

size of 237 nm An acid titration shcmed good core encapsul ation with only
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and ref | uatgoaersseled todiEsRi Whenithe kettlepowperature reached 85°C,
portion of ME II (137.0 grams) was added to the kettle followed by the addition of 42
grams of ammonium hydroxide. The kettle temperature was held at 85°C for 5
minutes. After the 5 minute hold a mixture of 0.95 grams of sodium persulfate
dissolved in 20 grams of deionized water was added to the kettle. The contents of
the kettle were held for 30 minutes at 85°C and then cooled to room temperature and
filtered to remove any coagulum formed. The final latex had a solids content of 27.5
%, a2 pH of 10.2, and a particle size of 385 nm. An acid titration showed good core
encapsulation with only 4.0 % core acid titratable. The dry density of this polymer
was determined to be 0.6226 g/cc.

Example 48: A 5-liter, four necked round bottom flask was equipped with paddle
stirrer, thermometer, nitrogen inlet, and reflux condenser. Deionized water, 1700
grams, was added to the kettle and heated to 86°C under a nitrogen atmosphere. To
the heated kettle water was added 3.8 grams of sodium persulfate dissolved in 30
grams of deionized water. This was immediately followed by 271.5 grams of the
core prepared in Example 4. A monomer emulsion {ME I) was prepared by mixing
50 grams of deionized water, 3.0 grams of SDS (23%), 10.8 grams of butyl
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grans, was added to the kettle and heated to 86[err]C under a nitrogen

at nosphere. To the heated kettle water was added 3.8 grans of sodium
persul fate dissolved in 30 grans of deionized water. This was i medi ately
fol |l oned by 191 5 grans of the core pmsgpared in Exanple 16. A nononer
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and r ef | ushowad gaed coreencmpsulationayith onlyré é%gc?qmﬁmd/ma@blpe&'he&%e kettle
and heat [tRis ﬂW%@M@@%B&G@W?@C To the heated kettle
wat er was addéd 3.8 grans of sodium persulfate dissolved in 30 grans of

dei oni zed water. This was imedi ately foll owed by 271.5 grans of the core
prepar ed Exanhplends: A 5-liter, fournecked rolind dottod flagk was egnipgpedastithpadidie ng 50

grams of Yol QNhrehotRUEE, nitofePirllE afd refink f6ridnsdt) BeBhiild Whtel Youb
grams, was added to the kettle and heated to 86°C under a nitrogen atmosphere. To
the heated kettle water was added 3.8 grams of sodium persulfate dissolved in 30
grams of deionized water. This was immediately followed by 188.0 grams of the
core prepared in Example 8. A monomer emulsion (ME I) was prepared by mixing
50 grams of deionized water, 3.0 grams of SDS, 12.0 grams of butyl methacrylate,
105.6 grams of methyl methacrylate, and 2.4 grams of methacrylic acid and was
added to the kettle at a rate of 3.0 grams /minute at a temperature of 80°C. Upon
completion of ME I a second monomer emulsion (ME II} was prepared by mixing
136 grams of deionized water, 2.7 grams of SDS, 406.5 grams of styrene, 102 grams of
acrylonitrile, and 1.5 grams of allyl methacrylate. A third monomer emulsion (ME
11} was prepared by mixing 24 grams of deijonized water, 0.5 grams of SDS, 0.2
grams of allyl methacrylate, and 90 grams of styrene. The initial portion of ME II
was added to the kettle at a rate of 12.5 grams/minute and a mixture of 1.9 grams of
sodium persulfate dissolved in 75 grams of deionized water was co-fed to the reactor
atarate of 2.5 grams/minute. After 10 minutes the rate of ME II was increased to
25 grams/ minute. The temperature of the kettle was allowed to increase to 92°C.



51 nethacryl ate, 106.8 grans of nethyl nethacrylate, and 2.4 grans of

nmet hacrylic acid and was added to the kettle at a rate of 4.5 grans /m nute
at a tenperature of 80[err]. Upon conpletion of ME | a second nonomner

. emul si on (I\/E II) was prepared by m xi®g 190 grans of dei oni zed water, 3.8
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acid titrati on showed good core encapsul atr on with only 4.4%core acid
titratable. The dry density of this polynmer was determ ned to be 0.5979
g/cc. Exanple 49: A 5-liter, four necked round bottom flask was equi pped
with paddle stirrer, thernometer, nitrogen inlet, and reflux condenser.

Dei oni zed water, 2000 granms, was added to the kettle and heated to 86[err]C
under a nitrogen atnosphere To the heated kettle water was added 3.8 grans
of sodium persul fate dissolved in 30 grans of deionized water. This was

i medi ately foll owed by 188.0 grans of the core prepared in Exanple 8. A
nononer enul sion (ME |) was prepared by m xing 50 grans of deionized water,
3.0 grans of SDS, 12.0 grans of butyl nethacrylate, 105.6 grans of nethyl
nmet hacryl ate, and 2.4 granms of nethacrylic acid and was added to the kettle
at arate of 3.0 grans /mnute at a tenperature of 80C. Upon conpl etion of
ME | a second nononer enulsion (ME Il) was prepared by m xing 136 grans of
dei oni zed water, 2.7 grans of SDS, 406.5 grans of styrene, 102 grans of
acrylonitrile, and 1.5 granms of allyl nethacrylate. A third nononer

emul sion (ME I11) was prepared by m xing 24 grans of deionized water, 0.5
grans of SDS, 0.2 grans of allyl nmethacrylate, and 90 grans of styrene. The
initial portion of ME Il was added to the kettle at a rate of 12.5

grans/ mnute and a m xture of 1.9 granms of



sodi um per sul fate 75 grams of deionized water was co-fed to
the reactor at ar mﬂumm nute. After 10 minutes the rate of M
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allowed to increase to 92[err] & 5253Jpon conpletion of the ME Il and

" co-feeds Wemlaimee of 8 grans of 4-hydroxy TEMPO and 8 grans of deionized
wat er was added to the reaction m xture and the batch was cooled to
85[err] C_Wien the tenperature of the kettle reached 85[err]C, ME Il was
added t o 1 preeass dor prapnasingemylsion palamer partiglegeomprising! anmoni um

hydr oxi de. They) rﬁ%@i&ﬁ@ﬁ%@ﬁ&sﬁuﬁﬂdjoﬁ mnutes at 85[err]C After the 5
m nute hold a m Xtu{/\fﬂ ms of ,sodi um persul fate di ssol Vfd in 20
grans of deioni zed? 1-§lage %P‘?Ipfgm&'e‘f’qmﬁns‘ﬂgea gexe ftagqRelmmey f or

30 minutes at 85[era|nHthnﬂkh(gﬁpmneﬁl, to roomtenperature and filtered to
2 PH of (10, 3. and a. par (breitlthe o stadd Gty Bl ad BRYRRRSRL 1, 0o
a pHo and a partic (o] i goo
core encapsul ation wt humﬂsyﬁ@nﬂ%tgdﬂ@pﬁrmtbxmm basahenahthn ofy of
this polymer was deter ml:Hé’Qo{e% 1?5}&. c&]]yA process
for preparing enul sion ﬁ‘ﬁﬁ tp r?g I'es %gﬁ gl ; prov mgg
aqueous enul sion of i) monemer, ap Q:Bﬁ’ﬁﬁﬁ% i re
stage polyner and a shebhsadoﬂeh@e&eigmomemeetatgee;mlmrsdmaeasﬂoﬁmr

conpri-ses, as polynerized unit fr 5 1 04100 based on
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nmonoet hyl eni cal |y ﬁDSﬁbﬁbmbﬁdtmaﬁwHﬁat leastO 5 percent by weight based on the
weight of the multi-stage emulsion polymer; and
i) swelling agent
under conditions wherein there is no substantial polymerization of the
monomer; and
b) reducing the level of monomer by at least fifty percent.

2. A process for preparing emulsion polymer particles comprising:
a) providing an aqueous emulsion of
i) multi-stage emulsion polymer, comprising a core stage polymer
and a shell stage polymer,
wherein the core stage polymer comprises, as polymerized
units, from 5 to 100 percent by weight, based on the weight of
the core stage polymer, of hydrophilic monoethylenically
unsaturated monomer, and from 0 to 95 percent by weight,
based on the weight of the core stage polymer, of at least one
nonionic monoethylenically unsaturated monomer; and
wherein the shell stage polymer comprises, as polymerized
units, at least 50 percent by weight of nonionic
monoethylenically unsaturated monomer;
b) adding an effective amount of one or more polymerization inhibifors or
reducing agents to substantially stop any polymerization;
¢) providing monomer at a level of at least 0.5 percent by weight based on
the weight of the multi-stage emulsion polymer;



ii) mononer at a level of at least 0.5 percent by wei ght based™on the

wei ght of the multi-stage enul sion polyner; and nt under
conditions wherein there is no substantial pol yngmmmm"m,ﬂmmnoner
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trlethyl phosphite, 4-nitrosophenol, 2-nitrophenol,

5. The process of claim 1 or 2 wherein the monomer at a level of at least 0.5
percent by weight based on the weight of the multi-stage emulsion polymer is
one or more of the monomers used to prepare the multi-stage emulsion polymer.

6. The process of claim 1 or 2 wherein the monomer at a level of at least 0.5
percent by weight based on the weight of the multi-stage emulsion polymer is
ponionic monomer.

7. The process of claim 1 or 2 wherein the swelling agent is selected from
volatile base, fixed base, and combinations thereof.

8. The process of claim 1 or 2 wheiein the level of monomer is reduced to less
than 10,000 ppm based on polymer solids by polymerizing said monomer.

9. An agueous polymer emulsion comprising water and swollen multi-stage
emulsion polymer wherein the dry bulk density of the swollen multi-stage
emulsion is: less than 0.77 g/ce when the swollen multi-stage emulsion polymer
has a particle size below 275 nm; less than 0.74 g/cc when the swollen multi-
stage emulsion polymer has a particle size of from 275 to 500 nm; less than 0.59
g/cc when the swollen multi-stage emulsion polymer has a particle size of from
501 to 750 nm; less than 0.46 gfcc when the swollen multi-stage emulsion
polymer has a particle size of from 751 to 1300 nm.



p- am nophenol , 4-hydroxy TEMPO, hydroqui none, p-nethoxyhydroqui none, tert-
- butyl -p-hydroqui none, 2,5-di-tert-butyl-p-hydroqui none,

. 1, 4-napht hal enediol, 4- tert butyl catechol, copper sulfate, copper
_nitrate, cresol and phenol. 5. The process of claim1l or 2 wherein the
nononer at a level of at least 0.5 percent by weight based on the weight of
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