WO 01/ 18064 PCT/ US00/ 40721 WATER SCOLUBLE ANI ONI C OR NONI ONI C DI SPERSI ON
POLYMER TECHNICAL FIELD 5 This invention relates to a hi gh nol ecul ar
wei ght ani omoo/mogd noni oni ¢ di spersion polyners and to apgr/oseder2i or their
preparation. V BACKGROUND OF THE | NVENTION 10 One of the problens that has
confronted industry in the use of water soluble polymer flocculants is how
to dissolve the polyner into water so that it can be utilized for its
i ntended purpose. Early water soluble polyners I‘OVI ded as.dilute
aqueous sol ut i SATERSOLHBLEANIQNIGSIR IQM@DIﬁ Iﬁ)é‘]ﬁg EMER wei ght s
of the polynmers were |rrproved It beconmes increasingly difficult for
manuf acturers to ship these polynmers in 15 solution form because of the
hi gh vi scosTEGHNICASVIIELPne- hal f to one percent solutions of the polyners. .
Manuf acturers accordingly started shipping the polymers in the form of
comut at ed solids which could be dissolved into water using various :
mechani ¢al - rTeanS‘hxs1Wenﬂlmmlate¢|tmghlghmlmnlhrwelglnlaam;candmranmrdspexsmh means
degraded th rs t hr ou shear, and, inconplete dissolution of water
sol ubl e poI ﬁ‘é“@f’?ﬁ?‘?’éﬁ‘?“b‘f’% flen 20 translucent particles, was:
common. This Ied to a waste of polyner, and in sonme cases, detrinental
results such as in the case of so called "fish-eye" particles which caused
defects in Eﬁgﬁﬁmpﬁr@m‘%@w In the early 1970's water-in-oil
enul sions of water soluble polyners were introduced Usi ng the
wat er-in-oil technol ogy, high nol ecul ar %at polymers that rapidly
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sol uti on i f]:dlﬂl&i‘ Mdﬂﬁfacmrers accordingly started shipping the polymers in the form of
| cbm_mﬁafed sol_id_s which could be dissolved into water using various mechanical means.
‘While solving shipment problems, some mechanical means degraded the polymers through
shear, and, incomplete dissolution of water soluble polymers, the formation of swollen
20 translucent particles, was common. This led to a waste of polymer, and in some cases,
detrimental results such as in the case of so called “fish-eye” particles which caused
defects in the manufacture of paper. In the early 1970’s water-in-oil emulsions of water
soluble polymers were introduced. Using the water-in-oil technology, high molecular
wefght polymers that rapidly dissolved could be produced, and this technology achieved
25 great acceptanoe in the water soluble polymer industry. A dlsadvantage of the water-m—oxl _
| ' “emulsion | polymer technology however is that the emulsions contain substantxal quantltxes "
of hydrocarbon liquid. The introduction of hydrocarbon hgmds into the systems where

these water soluble polymers are used is not always beneficial.



"pol ymer was insoluble. The disclosure of these two patents is hereinafter

I ncorporated by 5 reference into this specification. The process yiel ded

di sper si onswofoiagogh nol ecul ar wei ght pol ymers whi ch whenPERBYSH/AOBIwat er
woul d conpletely dissolve over a relatively short period of tine. Wile an
advance to the art, the invention was practical only for dispersions of
cationically charged water sol uble polyners containing at | east a portion
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acgdmssor@

15 resul § anxefqmcym thig-fipedification s Theproeess yield ighaalecylar weight
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of a partic ani oni ¢ wat er I Spersion orm Thi s
di_scl osure pafmdhﬁambhwmleanaamce ta thecart, theiumention was pmmalmmﬁ)r ng

hydrophobic | 1 y.modi.fied. a
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met hods for mhhﬁwmaaﬂpﬁpaf; licugh Bisclused] dould not b@sdc@és‘s@ﬁlﬂ?frﬁﬂ& Gtilizig the
hydr ophobi c_monongr .into a vater sol ug“ae pol, yrrer where water, solubility

i s desi r abl Kypriisi, Zpkimethadwhich zelies ipes the inclusiqneofaicatignic menaggers bayingo | yprer .~ 25
Moreover, tRGrdhe ﬁfelquﬁ&ﬁhlylahﬁﬁmﬁ %ﬁ&s%léﬂ'@ﬁ(ﬁﬂeﬁ of daselchiPRet b8s havi ng

low | evel s of some hydr ophobi ¢ nononer  al ong wi.th NaAMPS and or NaAc.

process for pmecbwbuhmch@ﬁ sush funciigmality %h%#téras%mg/m thei perfernagneofithe ¢ he

B(r):a;((agczcry{eg% { %Thlg?%éghgﬂ%%g%%ﬁﬁ%?wg@b%/ 40721 sulfonic

acid (AWPS)) or H ScB&pcntNueﬁ 605970rdiscBBesr methodfontheananufacirs of afpartivhigr | s
di sclosed i leoEnF:)c Qva(]ér sollﬁﬁe polymer in dispersion form. This disclosure teaches that certain
anionic polymers, incorporating hydrophobically modified monomers, can be prepared
using dispersion polymer methods. The application specifically teaches the manufacture
20 ofacrylic acid - ethylhexylacrylate polymers. The ethylhexylacrylate monomer adds a
hydrophobic character to the polymer, causing the polymer to become insoluble in certain
brine solutions. While these polymers, and the methods for their manufacture are useful,
the incorporation of a hydrophobic monomer into a water soluble polymer, where water
solubility is desirable is not always advantageous in the final use of the polymer.
25  Moreover, the useful stabilizer disclosed therein is described as having low levels of some
hydrophobic monomer along with NaAMPS and or NaAc.
A process for the production of a water-soluble polymer dispersion in the presence

of a dispersant, wherein the dispersant may be a poly(2-acrylamido-2-methyl propane



United States Pat. No. 5,837,776 discloses a conposition and a nmethod of
maki ng a sion in the presence of a stabilizer copol wherei n the
stab|I|zéV88§§§%yner 5 contains at |east 20 nole perce §%W9W591donethyl
propane sul fonic acid. The dispersion polynmers prepared as described in T
this patent are prepared at a pH of from2 to 5. However, a need stil
exists for stable, high nmolecular weight dispersion polymers which do not
| ncor por ghoray sk PP EGER/nter BVEng/SD ot tdkéiho gpmmpmer a wide pH
range. 10 SUMVAR E | N\VENTI ON The pol ymer of this invention is a high
mol ecul ardisglosgin] EPMﬁdﬁﬁc or anioni ¢ Water soluble vinyl addition polyner
I n aqueous di r J¢ e pH
range and w tﬁgu&%'%g ?ﬁc usslgosg@?hﬁaﬁg&‘n%%tﬂn%‘%gﬁ’hgg?%%H'og%?mﬁ“#g

char act erdispﬁ‘sien p'dfny pmsncanﬁa stabilizer cqulyﬁrleuommmﬂ:s smhﬂizer@spxdmerl ly as

retenti.on n La acture a cordingly, in
"ot napRis SRl Rel Bl BRI A5 SulmiOBEF e SRERNT

wei ght . \patyﬁfermépatddasdes%ﬁb&danﬂﬁsményﬂiemrdpmdagapﬂbﬂﬁ'&mlrteskf ield viscosity
of from gpout oab Q00 cps .at conprising fromabout 5 to
about 50 e t“&?&é‘é‘ﬁu?’“ﬁf %ﬁge#'gl%’aPﬁﬂfl@'“ffbgﬁﬁﬁP"ﬁ%BQV@ Bibo| yireri zi ng
under fr @8 nbiflédesdratt Aydroptbbicahéliokieind wWhich @k BElprepired SR alvidepHof a

wat er-sol ubl e salt in the presence of a stabilizer at a pH greater than 5:
i . 0-30 ®¥88 percent of at |east one anionic nmonormer, and, 25 ii. 100-70
nol e jpercent of at |east one non-ionic vinyl nonomer; wherein the )
stabilizer is an anionic water soluble polyner having an intrinsic

vi scosi t fUMMARY GEABE DIVENMNabout 0. 1-10 and conprises from about 0.1 to
about 5 weight percent based on the total weight of the dispersion, and

the water soluble salt - is selected fromthe group consisting of ammoni um
al kal i netal Seopoigmiexiof this ipvention issthigh molkéular weight,Inbaionic or apionic Yater i s

soluble vinyl addition polyin_er in aqueous dispersion form. The polymer is prepared over

15 awide pH range and withptit the inclusion of any monomers having hydrophobic
character. The polymers are. useful as flocculants and especially as retention and drainage
aids in the manufacture of paper.

Accdrdingly, in its pljinéiple aspect, this invention is directed to a high molecular
weight water-soluble dispersion polymer having a bulk Brookfield viscosity of from about

20 10 to about 25,000 cps at 25 °C comprising from about $ to about S0 weight percent of a
water soluble polymer prepared by polymerizing under free radical forming conditions in
an aqueous solution of a watgr-solﬁble salt in the presence of a stabilizer at a pH greater
than 5: .

i 0-30 mole pf_:rcent. of at least one anibnic monomer, and,

25 il 100-70 mole percent of at least one non-ionic vinyl monomer;
wherein the stabilizer is an anionic water soluble polymer having an intrinsic viscosity in
1M NaNO; of from about 0.1-10 and comprises from about 0.1 to about 5 weight percent
b.ased on the total weight of the dispersion, and the water soluble salt is se_lected from the
group consisting of ammonium, alkali metal and alkaline earth metal halides, sulfates, and
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WD 01/ 18064 PCT/ USOQl 40721 phosphateé énd-conprises fron1abdut 5 to about
40 wei ght pent d on the weight of the dispersion. . - t her
aspect, thi ﬂ“@@ﬁfion is directed to a nmethod of prepariﬁ&Té@ﬁﬁﬁ 1

“mol ecul ar wei ght di spersion polyner having a bul k Brookfield viscosity of
fromabout 10 5 to about 25,000 cps at 25 C conprising a) adding a
free-radical initiator to an aqueous mxture conprising: i. fromabout 5 to
about 50 weligtihates bEimptisesirdth JBout § t-4bORY 40Skeight Percerst®abidl B (RAV&GSRLrOf  at

_l east one ani onic nononmer and 100-70 nol e percent of _at one non- ionic

vi nyl rnonorthe dispeysipy.. from about 0.1 to about 5 wei ght percent based on the

total weight of Taﬁkﬁh i Is ioftisHiRRtbd {bh lﬁ'élﬂ’"}‘ abilizer is
an anionic vvaterlnso u%lag&g%%%‘rﬁ{nﬁg\l/ﬁ%ag% I nt ?tlhzr‘]ﬁs.l?f |scg§|h@§/‘ i n 1M NaNG3
of from abomoletuldrweight dispersion pélymen havingta blk Brogkfiald videsige pffiom glamut ¥tht based
on the I ght i ksion of a water soluble salt selected fromthe
group c\(l)gr?sigtgtalbﬁgzg'lpﬁ%ﬁ?%oar?]?ﬁgkogw?ashg 15 netal and al kaline earth netal

hal i des, sul fat a3y, aaddingefpéieddizal inftiatdr tdan agoéonsaiktate@miptisingrononer s.

DETAI LED DESCRI PTI ON, OF THE | NVENTI 20, "Noponer " ans_a pol yneri zabl e
allylic, vinylic or &cryl 8%5'%?%351\%‘1‘ Q%WF‘_éﬁl‘iQ?“’r?Bﬁ?r}EﬁéP“‘% ‘“ﬁﬂhorrer as
defined her3y Moldhpetnt RO aIEHE 6 AMioARi mondsEPirdVRIOCIDAHEIE perte? bERRAE Add-V e

ani oni ¢ nononers include acrylic acid, nmethacrylic acid,

2-acryl am pPBmQ-VFPé’!W?PQ’Pe-rb_ropan_esul fonic acid, acrylanm domethyl butanoic
acid, npdeic acid, HUMIEemachd 0,1l th ARG S wefiht Hercet Bided SH HeQothIGvaAG
styrene sul fonic acid, vinyl_ 25 Eho§phonlq_ac[d, allyl sulfonic acid, allyl
phosphoni ¢ fdheudispersianfestabilize whersinthe:siabilizer isigngajonisveterspipble pelimer

acryl am de gRfhelaAEHBGEvistAin B 81 Nakiph be £5th Bbout BliKf drge earth metal, and
ammoni um sal.ts thereof. The choice of "anioni c nononer i s based upon several
factors including thédi.abi frompaboit Stthabowd #bweight perqsot based onvthe weight dfite desi red

COMONOME, it eidhs} 8 Wasds UEruble S6lt Sefiicl HoITE rol Yoty of b Slih, 2! O ©
rylrc acid.

nononmer is a
15 metal and alkaline earth metal halides, sulfates, and phosphates; and

b) . polymerizing the monomers.
"DETAILED DESCRIPTION OF THE INVENTION

20 “Monomer” means a polymerizable allylic, vinylic or acrylic compound.

- “Anionic monomer” means a monomer as defined herein which possesses a net
negative charge. Representative anionic monomers include acrylic acid, methacrylic acid,
2-acrylam_ido-2-methy1—1-propénesulfonic acid, acrylamidoinethylbutanoic acid, maleic
acid, fumaric acid, itaconic acid, vinyl sulfonic acid, styrene sulfonic acid, vinyl

25  phosphonic acid, allyl sulfonic acid, allyl phosphonic acid, sulfomethylated acrylamide,
phosphonomethylated acrylamide and the water soluble alkali metal, alkaline earth metal,
and ammonium salts thereof. The choice of anionic monomer is based upon several
factors including the ability of the monomer to polymerize with the desired comonomer,

the use of the produced polymer, and cost. A preferred anionic monomer is acrylic acid.

4



WO 01/18064 PCT/ USOO 40721 is |In certain instances, it may be possible to

chem cal | ywH@fligoys @ non-i oni ¢ nononer conponent contai ns_ | di spersi on
pol yner-of the invention after polynerization to obtai ﬁ"‘%’ﬂ"@ﬂ?‘!}ﬁ% C

~functional group, for exanple, the nodification of an incorporated

acryl am de nmer unit to the correspondi ng sul fonate or phosphonate. 5

"Ani oni ¢ dispersion polyner"” neans a di spersion polynmer as defined herein
whi ch possessbsce&tamenstameqahmaybebass@ktochhmn:ﬂlylrﬁodi@mrmmm%& nonomer

el bAoA S AR
N-i sopr opy»bmmraplaatunﬂbd’unoﬁoﬁalm Jfoﬁmﬁipw;mﬂ@nodiﬁcﬁﬁﬁﬂ'ﬁf'aﬁ iRefpbAd de, N,

N-dlrrethyl th acr N- | sopr o met h) acryl am de,
N- (2- hydr 8 {tﬁ"a'g'F(j “glﬁgﬁ%'ﬁﬁﬂ &3’&%’ honateri de, N-vi nyl f or mani de,
N-vi nyfacet am

y 'dﬁnorhb HiSMIOd\b éi' %naﬁ(()e? g%é‘?g&?%reln which

gl ycol ) (neth)acryl ate, . pol y(et hyl ene gI ycol )
mono( et h?%ﬁé?%aé‘etwlmha@pyrrol i done,. 15 gl ycerol

mono( (et h) acrspigaidhle mgndﬁé?fﬁééﬁgﬁ?dgpgﬂ%tﬂ)d@ﬁﬁe\ﬁlh@;eﬁi wl\%lﬁélelec%f %SUl f one,

vinyl acetate, and the like. Pre noni oni ¢ nonofrer | ude
acryl am deeutrahéim@wmtymnqmommmompmmm agrylamidtomethadrylamide) Nacr y| ani de,
and N-met hyd 2 gﬁea{rL g de. Mre preferred nonionic nononers include
acryl am de a 3 aérylamide. Acrylamide is still nore 20 preferred.
" Noni &hi cNdsoppapyticrytanyidd, Washnityl merylamide, Mmcthylsiacrmaﬂ@deyrrer as defined herein

which is tra r' means a water-sol ubl e
pol yrer ’s]ggrns'é@{mé@n“&aﬂédgﬂ"s?ﬁ%? ‘g‘&g’%‘?ﬁg‘g cont ai ni ng one or nore
i nor gani ch(a-Ihydr iyl hartdep N-ridthyllacryamide D VRalyYfoRhdnsiaé,i on, the
rmno?rer emldnp:o tg?may t@ﬁ soﬂlﬁgbl gyl angI 1Qﬁ{\erl zation rredl um  but
t he rredl bie 'g JWL%“'? agefamidle, pply(etylens g YﬁﬂﬁmeﬂMﬁ&l ngly, the

r eatc_t i on dpdly(zsmyreﬁe gls}cdlmmm@u&hatméd%enémﬁa&ate AinpRP-YPRSlideRL,| On 1S
initiate eneo
iast glycerol mon r‘r& eth)acrylate), 2-hydroxyeﬂ1yl(meth)acrylate, vinyl methylsulfone, vinyl
acetate, and the hke Preferred nonionic monomers of include acrylamide,

methacrylamide,
N-isopropylacrylamide, N-t-butyl acrylamide, and N-methylolacrylamide. More preferred
nonionic monomers include acrylamide and methacrylamide. Acrylamide is still more
20  preferred.
“Nonionic dispersion polymer” means a dispersion polymer as defined herein
which is eiectricélly neutfal. _
“Dispersion polymer” means a water-solublé polymer dispersed in an aqueous
continuous phase containing one or more inorganic salts. In the process of dispersion
25 polymerization, the monomer and the initiator are both soluble in Polymerization medium,
_ but the medium is é, poor solvent for the resulting polymer. Accofdingly, the reaction
mixture is homogeneous at the onset, and polymerization is initiated in a homogeneous
solutiori. Depending on the solvency of the medium for the resulting oligomers or

macroradicals and macromolec_:ules, phase separation occurs at an early stage. This leads
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" solution. Depending on the solvency of the nmediumfor the resulting
ol igoners or nmacroradicals and macronol ecul es, phase separation occurs
at.an ear|l ywosmiagess This leads 5 :ir WO 01/ 18064 PCTNS00/ ATTAIS00/40521

* nucleation and the formation of primary particles called "precursors” and

the precursors are colloidally stabilized by adsorption of stabilizers.
The particles are believed to be swollen by Polyperization medi um and/ or

the nononer, |eading to the formation of. . spheriicdl parficles having a size
in the regfOppcypuon @ﬁﬂ%ﬁﬂf*&?ﬁﬂ@ﬂfﬁfﬁh&ﬁgﬁdi ?%8\‘_’2?’6 n“@dﬁ%?‘ﬁrs? i on,
the vari ablRsolibidhllydstddilisel 8Y bdsoftioh bPsthteNkeR! Th partickes Bredalicvall tdkes of the
stabilizer, the monomer and the initiator, solvency of the djspersion

medi um  an&velia byPebmesization putivip andior the mepomepdeadingfothe formatiopgtse
il _ ARG _ e size th
vari abl es AR Yaniles SAORY L iSSRnLRR br 00111 RRprc! © 51 zo, the

nmol ecul ar pol ynef particles, and the kinetics of
Pol yner 5zat i on pranydispersip0 pplymetizdtios, the vadiablesithbt/are nsijally sonsrolledbarg ther i zat i on

coagul at o SPCRRE ot R he Alief Bho B it el il heTbAR: fefidlog™)

I on a sha rcen
sui tabl e seddivim, 2 the ecaBibdntemperatate. drhasbaenfoundthatdhase sarfdbles e live per si on

particles. Particl tahilization [.n _dispersi.o | | zation is usually
referred t 58 cargngéen%ﬁpéﬁf%%%Hm.e ik ‘a@f%’i‘ivﬁaﬁgéwﬁm &r si on
pol yner i zatash@the RiretidsWf PoBinefikativhipfseedsl 15 conpounds with | ow solubility in
Pol yreri zati on pedi um and nppderate affinity . for th ol yner fticles. As
the st dﬂi li zer Eﬂﬂ@éﬁ?@ﬁ%ﬁy ﬁ’ép‘?rﬂE‘F B%{?.Eﬂ',‘z);f“ﬁbm : %SE'Fc@ °§F‘§’é‘°§g@fﬁeaé§ es,
whi ch i nplybesafidicitly siaBleRHERRY cogulatécines thi formtion) ARBdmor Wsinlll | NCr easi ng

stabilizer concentration. The coagul ation nucleation theory very well
account s f @ercentegedi g syitable spbilizetiefolymsrization migtupproduceesiahle gispersion abi | i zer

concentrati [ : : : - ot Ld o
Qﬁc‘eﬁ Prficit Ft?’@lg;éﬁ;aﬁg{ %13 ag&@?’gﬁﬁdﬁf}% | 11 Aferdd@bhd 4sfeBE

adsor bed tﬁe sl owner w 2 ] ] ter s results in nore

pr ecur sor s stabidieationiigGned siabilizers for dispersion pelymerization argpelymersirobigarierpar t i cl es
produced. s ' ' i | the

oli gorrgl(r;s \%3 ?‘*’%F%&v}tnggh@é‘%gﬁ % e gér)rgﬂf‘ﬂgﬁ “ggygﬁér%%gfﬁ‘?&fé@%? nucl ei ,
(b) the angblymenpartidles he st abilizer

As the stabilizer concentration is increased, the particle size decreases, which

implies that the number of nuclei formed increases with increasing stabilizer concentration.
The coagulation nucleation theory very well accounts for the observed dependence of the
20 ' particle size on stabilizer concentration, since the greater the concéntration of the stabilizer
adsorbed the slower will be the coagulation step. This results in more precursors
becoming mature particles, thus reducing the size of particles pi'oduced. |
As the solvency of the dispersion medium increases, (a) the oligomers will grow to
a larger MW before they become a precursor nuclei, (b) the anchoring of the stabilizer
25  moiety will probably be reduced and (c) the particle size increases. As the initiator
concentration is increased, it has been observed that the ﬁnal particle size increases. As
for the kinetics, it is reported that when the dispersion medium is a non-solvent for the
polymer being formed, then the locus of polymerization is largely within the growing
particles and the system follows the bulk polymerization kinetics, n (the kinetic chain
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25 noiety will probably be reduced and (c) the particle size increases. As

the initi aJvBB sgancent ration is increased, it has been Qﬂpéﬁl? g’g"r’% hat t he

final partlcle sl ze increases. As for the Ki netics, ed t hat
when the dispersion nediumis a non-solvent for the polyrrer bei ng forned,
then the | ocus of polynerization.is largely within the growng particles
and the systemfollows the bul k polynerization kinetics, n (the kinetic

chain 6 i) :GR6R], \Fﬁfékﬁ&leﬁﬁiﬂgaudn&%hhdkasﬂﬂe/t&mnaﬁ{oﬂm ::msths thfe ]
propagation rate Rt js.t nati.on rate. As the solvency of the
di sper si oﬁn]r‘l’@?ﬂy %I‘Spt"rﬁ@“&fegﬂﬂ"h’é }rg& pg polymergagicleds mepeased palymss | ymer
growt h pr %ﬁﬁﬁﬁr dcBeds & s6hitioR. Tﬂ@ﬁolﬁﬁéﬁﬁmmbﬂs thaCiré firfed MALIADR ateMWeEd | N

solution are t captured by growi ng particles. Conseguently, the |ocus

of the parceptated b&%&?‘%ﬁl?soﬁ%seﬂl*@@@ ¢ losus fdke perirle pelymerizstion conconi t ant
change 5 |n Bss'thilige éﬁﬂﬁéw?&@%ﬂ%rﬁﬁﬁiélﬁﬂgeﬁ%]&lﬁeﬁegoﬁiov\gﬁlﬂﬂ tgyer s of the

|nstant vention contaln from about 0.1 to about percent based
on the tot al v@hgﬁlﬁpmﬁonlw&y!mrswhsmeﬂamaﬂvmhmmtﬂmﬂenab@&tiltpzbwﬁas used

o ecul o AT SE8 SRR EhE b A IBIED oG o abi

from 10 aboutSﬁb%&ﬁ@@edhrmbmohdsmﬂﬁﬂwﬂ@@h@mmblublemiym ymer nust be

vt or.  Tnoeank R PolfuR Y REREm i3 Ppog bl ShnoBR pd EPEGbERRL Ly i n 1w

NaNGC3 10f hbmmbo;ooo £3.aboui G,000,900. PTHef seabilizen/p olimamrﬁusu‘ohﬁléor%hﬁtljiug and nore

Dol yacry| FebIE e S pfiinsd it golyBle i wais-y i sgtlizes polymert ° ° " €

acryl am dger?ermtﬂavé arl infHnie I1RESsiY ﬁrQIMQ\IaM‘)gd)}‘fraﬂ(ib&R@ copalg Bﬁf&alﬂbf
2-acryl am do- 2- net 5% - | - propanesul foni c "aci d_ and _an ani oni ¢ conpnoner

sel ect ed fioBYAD QW dg&?’éﬂ‘&ﬂ@ﬁ%ﬂﬂ&@ﬂ#"@“@c‘? 6-0d4g:8 30°Chi | i zer pol yners

are prepar ed Uﬁﬂeﬁ&e&@ﬁﬂ'ﬁ?&&&@ﬁ& %*lwdcﬂf'pﬂ%ﬂé@ﬁdr}l?édc olS'&Chn' ques, are
prepared in water-in-oil..emulsion Tormor are prepared I n accordance with

20 t hd5di sprelemidor- p@ﬂyhbﬂopamqs@fpnawmmaq@w %E@WF@@@ZWWO'?-he choi ce of
t |
a par 'Cu(kﬁgh d‘i?:PtWahJsﬁﬁ‘orﬂ@ d‘Efd awa};ionia%o&%&&rﬁa%{]@&n Qﬁ;ﬁéﬁrﬂﬂ{ pol ymer

bei ng pro particu salts contains in the sa ution, and
t he ot her methmaylioacidondi t i ons to which the dispersion

The stabilizer polymers are prepared using conventional solution polymenzatlon

techniques, are prepared in water-in-oil emulsion form or are prepared in accordance with
20 the dlspersmn polymenzatxon techmques described herem The choice of a part:cular
stabilizer polymer will be based upon the particular polymer being produced, the parncular

salts contains in the salt solutton, and the other reaction conditions to which the dispersion
is subjected during the formation of the polymer. | |
Préferably from about 0.1 to about 5 peroent by weight, more preferably from about
25 0.25to about 1.5 percent and still more preferably, from about 0.4 to about 1.25 percent by
weight of otabilizor, based on the weight of the total dispersion or finished product; is
utilized. _
Polymer dispersions prepared in the absence of the st_abilizer component result in
paste like slurrieé indicating that a stable dispersion did not form. The paste like products
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"is subjected during the formation of the polyner. Preferably fromabout 0.1
to about 5 percent. by weight, nore preferably from about to about
1.5 percentR’ |1 nmore preferably, fromabout 0.4 to 5%5’3?00% e per cent
by weight of stabilizer, based on the weight of the total dispersion or
finished product, is wutilized. Polyner dispersions prepared in the absence
of the stabi I i zer conponent result in paste like slurries indicati ng t hat
a stabl e di y%cl&'ngd Qﬁﬁmfa%lﬂﬁvemoﬁﬁai@d Af'tiﬁf‘e ﬂ'ﬁ%ﬂ&ﬁ that gouﬁi fot be WO

01/ 18064 P NSOO 40721 generally thickened within a relatively short
period of t pwmpedrar handledwithin fhgizenesalapplicationsdn whichpelymsrs of shisitypelasgi t hi n t he
gener al app%ljn@%géogns in which polynmers of this type are enployed. The

r emai nder di spersion consists of an aqueous solution conprising from
5 about 2 to aboThe mmaméergﬂthemw cmbf(m atpimous s:ﬂlaion\mmghmg)from he

di [ t l.ubl l, t t f | Sti f
armon ot ot 7 CEARER A0l e baooR 20 T 5L iR e AR af Al 10
phosphat es. soltitsle sefid §elected fromthé grotp ccmsisﬁﬁ oftalindniuiny, Rtkali pietad didslkdline such

aqueous nedia wl | rendered,insol ubI e on formation, and Pol ynerization
Wil | accordFﬂﬁ!‘?e‘blrlﬁgﬁeé 'Ff’laETIE’é" ate84 0 wat er sol ubl e pol ymer when

sui tabl e agitatipie dak igiPettsh th thitiBe ﬁ(ﬁ*xﬁé‘rtﬂréﬁilc&f inlstiéh R@EdUs mEdArwildkt to be
cu

utilized is dependent upon the parti mer to be produced, and the
stabil i zer Tegdered imgpinblg op formation; and-Ralymerizg orswlkacceﬁesmochmmﬂwlﬁofs al t

present j§hoybge %bl@?&i?méﬂ%ntsﬁﬂblet d@ﬁatﬂﬂxl i¥ PRovidee! 1‘19: Rl fatticulde

i nsoluble in the salt sol ution Particularly useful salts include a
m xture of 8altele utlized|is dapendentipon theparticular palpmenio beproducdoandihe ty to

saturate thg aaleelise éﬂﬂl#e‘doﬁhe %ch&ﬂtt and e ¢ Sl dndthuSie SRRt Bx%séﬁ& o al one,

we have found that 1t "a preci pi process dur
Pol yrer i zat inade m@hﬂlasﬂ!ctpnlymenbm producedwilt be msadlubld: intthe saﬂtsohntnm preferred

because of |it. ter d to . exanpl e

kel e ol ke R RIRT Sy e ottt b B ona Y e A TRR e S p S

ani on sabt squamityite sstogatethestuouscelution. "Waile sodivi ﬂnﬁﬁﬂnaym'cﬂiml didneswt t S
have found that it alters the precipitation process during Polymenzatnon Salts containing

di- or trivalent anions are preferred because of their reduced solubility in water as
compared to for example alkali, alkaline earth, or ammonium halide salts, although
monovalent anion salts may be employed in certain circumstances. The use of salts

20  containing di- or trivalent anions generally results in polymer dispersions having lower
percentages of salt materials as compared to salts containing monovalent anions.

The particular salt to be utilized is determined by preparing a saturated solution of
the salt or salts, and determining the solubility of the desired stabilizer and the desired
polymer. Preferably from about 5 to about 30, more preferably from about S to about 25

25  and still more preferably from about 8 to about 20 weight percent based on the weight of
the dispersion of the salt is utilized. When using higher quantities of monomer less salt
will be required.

In addition to the above, other ingredients may be employed in making the polymer

dispersions of the present invention. These additional ingredients may include chelating
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20 containing di- or trival ent anions generally results in polyner

di sper si O%J}m(d'spg | ower percentages of salt nmaterial SP&@U%@HEM ed to

sal ts contalning nonoval ent anions. The particular salt #lized is
determ ned by preparing a saturated solution of the salt or salts, and
determning the solubility of the desired stabilizer and the desired
polymer. Preferably fromabout 5 to about 30, nore preferably fromabout 5

to about 3ZEenthiesigfledstbirérhovaictal i Rpariady fonk fn@éi‘feﬁb?w%ﬂﬁ thelaGtiAVfthedtbeVei ght
(0]

percent based on the weight of the dispersion e salt is utilized.

Wien usi népdifeleatalys mploysds ehainransicnagrafs to pgulatemglectizr weight nuelepting ed. | n

addi tion ' :] gi TRy i ' t he
pol yrer g%s‘%i?‘s‘?%?séﬁeﬁﬁ% ﬁg&%#lgg]gﬁ?éa?ﬁ g%t [ on&ﬁ*ﬁg?g%éﬁg?]wgna a:g%gr edi ents
may i ncl udéemalhainennt nfjthe san® plymetebe profuces CThus 7 polyragyenitainibg S0gmdel t 0

renmovecme icoi IR A% ' ' ] tjvi of the free

r adi ca? cgggg%&g?&gpnﬁ % oéfﬁw%{ﬁg%db?eﬁsgﬁé)%b 'ggsgfﬁgé&%“f%&ﬁ%{%eml ecul ar

wei ght, nproidesdt] ampcleatisgdgent axfisked’boli thosurean similat polymércombositioabayig agent s
when utiljzed.ganerglly . enconpass..a snall nt, 0 e.s ol ymer to be
pr oduced. “‘Zl"r‘ﬁfg F“eéﬁbo%%%“gmm’ﬁm W{ﬂpﬁgﬁﬂyfh}%{%gpﬂabﬁg‘g P{)%e acid (or-.
its | wat er prfdrably ﬁ*ox_aabbmng&ﬁ dl;d?ﬁﬁla_ﬁd stﬂm;oxe@fe)fér;ﬂ'lﬁj' ﬁemwiemﬂ 0(73 tbaboupp 0duced, a
nucl eati ng agent or seed",of the sa of simlar polynper conposition may
be uti|ig’&’&‘Rﬁé??@?%ﬂﬂiwdﬁf}%&g%biﬂseﬁ“ﬁé%wpmgw, g5iRther apl y about 0O, 1
to abogt Eislf,dmg,eisugﬁggderabl y fromabout 0.5 to about 4 and still nore

preferably fromabout 0.75 to about 2. wei g.ht percent of a nucl eating agent
i s used based erflisprmanimalatials to bewtilized include dispersantsifeomthe classes eongisting zed.

Codi sper s gf\akfbRibledbigars, poRBthyichd dF&k Rz 'adRolctubP WeiB Sront SouE he cl asses
consi stin of water sSol'ublle Sugars ol yet hyl ene glycols having a

mol ecul ar g%@itg nbouéfo,e%mmmoghm aﬁ)@lha]timgmﬂg,i@@ \minggiandt her pol yhydri c
at o ar oo appiiksil R Sor I Gfech i YOUR 068 BV o bRMEIE 101 0T
be usédl wneteridabut, omstirosedwith taionbscausedicyanay aleo actrsichain ramefdrer  agent s
P L e e e T
codi sper saatilizentiwririgthsedrly stages of Polymerization. The use of codispersant materials is
optional, and not required to obtain the polymer dispersions of the invention. When
utilized, the codispersant is present at a level of up to about 10, preferably from about 0.1~
20 4 and more preferably from about 0.2-2 weight percent based on the dispersion.
The total amount of water soluble polymer prepared from the anionic and the
nonionic water soluble monomers in the dispersion may vary from about 5 to about 50
percent by weight of the total weight of the dispersion, and preferably from about 10 to
about 40 percent by weight of the dispersion. Most preferably the dispersion contains
25 from about 15 to about 30_. pércent by weight of the polymer prepared from the nonionic
and anionic water soluble monomers. _
Polymerization reactions described herein are initiated by any means which results
in generation of a suitable free-radical. Thermally derived _radicals, in which the radical

species results from thermal, homolytic dissociation of an azo, peroxide, hydroperoxide
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~optional, and not required to obtain the polyner, dispersions of the
invention. When utilized, the codi spersant is present ag8?§%$¥@h?of up to

about 10, WPHASh|y from about 0.1 20 4 and nore prefer about

- 0.2-2 weight percent based on the dispersion. The total anmount of water

sol ubl e polyner prepared . fromthe anionic and the nonionic water soluble

nmononers in the dispersion may vary fromabout 5 to about 50 percent by

wei ght  of eieg{e?&mx@uﬂ&me?}etf&ﬁ% R b&?eneafiﬂﬁﬁbéfa?é #cémbé@ids about 10

to about per cent of the diSpersion. _Mst preferably the

di spersi onlmlndmaﬁﬂé-awlﬂ(z-emmallﬁ dihydeoshloride; 3,2/ rezebéisi-(Brimidezolifr2- of t he

I
bol yror | v et aRrel GHbcifordey ks iy @BGu LA ABNE D £l @A ToTE Thi o
results i mn@dtmm-omleommandathébke‘ r ee-radical. Thermally derived

radi cal h the radical . s fr lytic
di ssomit i on of ng?gxersrggz}y %e W§ &'(s)'g?ﬁ%te@ %:G%Faﬁf i APA‘b P

PCTI USOOr 4PBgigrheriZaion, 0f blbshativelyporean bdhamicmommfrﬂyrbeddddﬁsmseldhyng)r eferred
iiititors are azo coppoynds . incl ud| 2,2 a 21E)l s$2 am din l_es]ﬁane)

i hydi oo hPUVMERZAtion B rder & phupip Propey iRFeradraNen OThe Bpriamess inin b reshltant

di hydr ochl gfh&iien o ﬁneﬁm@h&hmybmﬁweﬁﬁdlﬂ}m(wmt terperatures edhighg2, 4-

di et hyl val eron| tri AI'VN) the |like. 5 The nmononers nay m xed

t oget her wiem -1GC was@r a§ theboiling peins of the meporpaers gmployed. ParisrBl tilat i on, or
al ternggi vl ersifil ol erPAlibh HRORELd af Bom DR ¢4d §0out 86 P Mord! fe%l

PO|yI'TEI’I2atI nin er to obtain Eroper |ncorp0rat|0n of the m)norrers into
al

t he resul tanlvmedzimpersmcpdlayﬁ’em o B) fE it shett 4n%C.of this invention may be

run at tenperat |19 poi nt of
Lhe mononer s aniieeiRRE i (Vi Htedich dofepth il 896 gt 10 PO, 0
conduct ed ptefei'alﬂymta];ﬂl ﬂ%wtﬂbmﬁeraﬂyﬁmwpmﬂpm&ﬁM1§gm1®GhM| zation is
conduct ed at. from abqu OCt about The di spersjon. rs of this
Covent on A sy i Vatte sl R e pymler e R e © O LD °
7. Aftaes pdisperssdinanisd. cmefehblypl’blyﬁxexﬁiaﬁmdis&pmusiea onderjneftertmasphers wédl t o any
desired val .as | on as the remai ns insoluble to maintain the 15
di spersed PRGER a8 %Sﬁﬁﬁg?‘f"}atlon i s conducted under inert

at mosphere W t hrhe d:spersmn polymers of the instant invention typically have bulk solution

viscosities of less than about 25,000 cps at 25 °C (Brookfield), more preferably less than
5,000 cps and still more preferably less than about 2,000 cps. At these viscosities, the
20 polymer dispersions are easily handled in conventional polymerization equipment.

The dispersion polymers of this invention typically have molecular weights ranging
from about 50,000 up to the aqueous solubility limit of the polymer. Preferably, the
dispersions have a molecular weight of from about 1,000,000 to about 50 million.

In a preferred embodiment, this invention is directed to dispersion polymers

25  wherein the anionic monomer is selected from the group consisting of acrylic acid,
methacrylic acid, 2-acrylamido-2-methyl-1-propanesulfonic acid,
acrylamidomethylbutanoic acid, maleic acid, fumaric acid, itaconic acid, vinyl sulfonic
acid, styrene sulfonic acid, vinyl phosphonic acid, allyl sulfonic acid, allyl phosphonic
acid, sulfomethylated acrylamide, phosphonomethylated acrylamide and the water soluble
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sufficient agitation to nmaintain the dispersion. The di spersion polyners of

the instagodiA¥@Rpti on typically have bul k solution visgasi f less
t han about 25,000 cps at 25 C (Brookfield), nore preferggi}ug+ Z@-’sﬁt han

5,000 cps and still nore preferably | ess than about 2,000 cps. At these
viscosities, the 20 polyner dispersions are easily handled in conventi onal
pol ynmeri zati on equi pnment. The di spersion polyners of this invention

t ypi cal | y alkali enetah)| alicalih@reartivnegdi and amnmpiniumn salts thereabDadithEhnddi: mignoider t he
aqueous sol ubi | i limt of the o Prefera di spersi ons have
a nol ecul ¢ %@ ﬁﬁﬂﬁkeﬁ"m‘ﬁﬁﬁ ﬁtj%%gﬁ‘ﬁ%qe&aﬁggﬂﬁd%qu llion. In a

pr ef er r ed iRplpiaéMAinide, Nitsbuty) derplaiide, hrid Ninfe@fidlskrilamides per si on pol ynmers 25
wherein the anjoni¢ mononer is selected fromthe group, consisting of

acrylic acid, Inzpthsepryferred gmbogiment.{he gnienic Meoomeras aepyliciacidonp g ul f oni c
acid, sac E?l{xﬁg‘ammlah&ﬁw&tﬁ nﬁ@dl%aﬁﬂoﬁiuﬁl ﬁﬁ'ugere Efoft6did: 1 taconic

acid, vinyl sulfonic ‘acid, styren€ sulfonic aci ny phosphoni ¢ aci d,
al | yI sul fnenpwerds perylamidey | phosphorl ¢ acid, sulfonethylated acryl am de,

phosphononet hy :ﬁéi:@%hr?tf’%lﬂfn @Eg I 4

PCT/ USOO 40721in aﬁ@ metal, al kal’ ne eaﬁ%&ns%aﬁ%ﬁ@g&%m%@#eé%%gal ts -
t her eof apdysdrdicasid, poly(metaayli acid, poly@-asotlaidd2emethyid -propangsulfomisi st i ng of
acryl am de cr oprQ acryl am de,
N et B PRI RAE 2rmbh RO B Pa o Wil s B2 o
nonongo i acrﬂam)dol-znﬁmyul-propanewl&‘m:c acﬁi/methadnyl& aidyal i nmetal, alkaline eart h
netal, or a | um sal er % and .t he poni.oni ¢ aner.ls | am de. In
anot her prefer 9 smbodiment, the siapi %lhafgc%‘fe'g[ﬁ‘%f’%ﬁ%wr sel ect ed
from pol gas t(deoﬁt mze@ht pwdem(mdm total Greight of the dxspersion and an intrinsic

pol y(2-acryl am do-2-nmethyl -1 p nesul f onj aci

pol y( 2- acW‘FO&’rW abll\él‘{?élqayfﬂpm%?@ﬁaﬁé%m"bﬁﬁé"&m d/ acryl i c aC| d) and pol y(2
10 acryl am do j-aHbhithor pRIEGRAREDOETRR, the 3GbAIZERS . In a nore
preferred enbodi nent, the stabi | i zer has a concen |on of from about

0.25 4% amsthyl- kpma@ﬂwlfw reidfacrigsid) mmmgtfmnaﬁb%? tprabogi80male dj sper si on
338_ an i NELEOF b GoryYeR 888 intety11-profabBMEShiO heid ARI B Wbt §7 toabbi 28b0ut 7. 0
mole percent acryhc acid.
In another more preferred embodlment, the stablhzer is pon(2-acrylamndo—2-
methyl-l-propanesulfomc acid/methacrylic-acid) comprising from about 5 to about 90
20  mole percent 2-acrylamido-2-methyl-1-propanesulfonic acid and from about 95 to about
10 mole pcréent methacrylic acid.
| In a still more pre_ferréd embodiment, the water-soluble polymer is poly(acrylic
acidlacrylamide having aﬂmol_e' ratio of about 7:93 for acrylic acid to acrylamide.
In another stiil more preferred embodiment, the Water-soluble polymer is
25  poly(acrylic acid/acrylamide having a mole ratio of about 7:93 for acrylic acid to
acrylamide and the stabilizer is poly(2-acrylamido-2-methyl-1-propanesulfonic
acid/acrylic acid) having a mole ratio of about 7:93 for 2-acrylamido-2-methyl-1-

propanesulfonic acid to acrylic acid.
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I n another nore preferred enbodi nent, the stabilizer is

pol y(2-acryl am do-2- 15 nethyl -1 -propanesul fonic acid/acrylic acid)
conpri si ngwopumeebout 3 to about 80 nole percent PCT/US00/40721

2-acryl am do- 2- et hyl - | - propanesul fonic acid and from about 97 to about 20
nol e percent acrylic acid. In another nore preferred enbodinent, the
stabilizer is poly(2-acrylamdo-2- methyl-I-propanesul fonic

aci d/ met hacryl i 1§ 2¢ ris m.about, 5 nol e percent
2-acryl am doy2 ‘H‘@% sﬁﬁﬁ’)’ @%ﬁ‘{?“a °démeg’ w%t%r?o?&ré%cﬁgmfr%SS to about 10
nol e per feﬁbﬁlly(ﬁﬁ'&l:ikﬁ&id/idrﬁamtdbﬁ?vﬂmgla?xomﬁd oﬂ?bﬁ 7p9laeﬁoeséorﬁﬁ: aidrodi rrenlt t he
wat er - sol ubl e pal y ol y(a iCc acryl.am de ing a nole ratio
of about 72iamige a‘g%s‘? Fiapi ‘é?fl‘ﬁpcﬁﬁxéﬁrrymﬁﬁ g’é‘“’ﬁf 169‘8%‘?8“}“%9?‘FII nor e
preferred gibmehadic acid) eompmsgﬁah ebtue208) a\baﬁtrsa rﬁole ?&cﬁ@ bsatatamidd-2-

acid/acrylam de. havin e ratio of about or acrylic acid to

acryl and demethy- lc-nr@pgtealgfop}czag}d gnd from about 80 to about 70 mole percent méthacrylic

pol y(2-acry, ‘?m do- 2-met hyl -1 - propanesul fonic acid/acrylic acid) having a
0

nole ratio about 7:93 for 2-acrylam do-2-nethyl-1- propanesul fonic acid
to acrylic aci dnangthenstil) morepreferpiaspestin wargpsoluble pelymertie polyacrylamides e

Bt ol acryl am adb et ol hp b PR RIS plPe Pt amide

acryl am deaminhk stdtélizet rst[pllefaxed stalmhzer(s) for nomomc dispersions].

pol y(2;acryl am.do- th nes thacr aci d)
conpri y?ng f ror‘H‘aﬁ ?raﬂ?\é{’g“ t?eﬁ'lg%ﬁ?&j MF’%ﬁk‘ﬁﬁ 25 rret hyl -
| - pr opanesmbfeanweigndxspmﬁoﬁ pdpmahwhfﬁ(bﬂlg;mbkﬁﬁld Vi@cdswh of founi amlt 10bn|et hacr
ylic acid, nore.preferred aspect, the water-soluble
oy 30P0 S e °C povE i the

ol yner i st her still nore preferred aspect,
poly

wat er - sol ubl e pgl yrraadméaneé-yaafowhﬁiaiod&anaalqdedubmﬁh@tvoh.pﬁﬁﬁgIs [ preferred
stabilizer(s) for nonionic |sper5|ons% 10 I n anot her,  aspect, this

invention is directéd tofamabe¥igdo sbounsweightRereent el AmIxiss “é’(’i‘iﬂ"ﬁ‘lﬂg\ﬂel ght

di sper g4 Onlmhmgséroé}ﬂfﬂgea%t SielakioRicaRinbine! AhaMiosaRblE ¥er9$nt5fé%’!3a§t%@t 10 to
about 25,000 cps at_ 25 C conpri sing
on-lomc vinyl monomer;

ii. from about 0.1 to about 5 weight percent based on the total weight

of the dispersion of a stabilizer, wherein the stabilizer is an anionic water soluble polymer
having an intrinsic viscosity in 1M NaNQO; of from about 0.1-10 and

20 ' fit. from about 5 to about 40 weight percent based on the weight of the
dispersion of a water soluble salt selected from the group consisting of ammonium, alkali
metal and alkaline earth metal halides, sulfates, and phosphates; and

b) polymerizing the monomers.
25 The foregoing may be better understood by reference to the following examples,

which are presented for purposes of illustration and are not intended to limit the scope of

the invention.
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a) adding a free-radical initiator to an aqueous m xture conprising: i.
from aboutw§ef/fge@bout 50 wei ght percent of a m xture congissdobigpr®r 15 100
nol e percent of at |east one anionic nonomer and 100-0 nole percent of at

| east one non-ionic vinyl nononer; ii. fromabout 0.1 to about 5 weight
percent based on the total weight of the dispersion of a stabilizer,
wherein the stabilizer is an anionic water sol uble polynmer having an

i ntrinsic vi ACBYILIQ AGID| ZAKGRNDAMIDO-2eVIERHY Lt 1 -BROPANESHUFONIC ACIDf r om about

5 to about 4 ' ent e | , IS i of a
wat er sol Lﬁﬁ@ @ﬁi%ﬁ@ﬁ%%@ﬂ@%%@%@@ﬁ%?@m¢ Z‘r# BaI kal i
metal and al kal i ne earth net QOFGILYMER STABILIZBRS and phosphates; and b)
pol yneri zing the nononers. 25 The foregoing nmay be better understood by
reference to the follow ng exanples, which are presented for purposes of

i | I ust rsat is%)_a%%%qluare not intended to linit the scope of the invention. 12

WO 01/ 180 SOQ 40721 ACRYLIC ACID, 2- ACRYLAM DO- 2- NETHYL- |
- PROPANESUL FONIT@ 2AicH-HiteAgsin seactor pquiprod pyith stirrer, temperature controller, and water

2- ACRYLAM DG Mgk 1ssoRAGRA5 3 BODS: iR, 200 P AR ST/ BB ERS S

"Exanmple 1 To a 1 l1ter resin reactor %Szlpe W th'stirrer, tenperature -

control l erSO‘VamtwatOé sodiuge bydsexidephehQkand 0202 RfEP T sThegesyiting sgltiomisz e d
wat er, 200 ¢ & | um
hydr oxi de ngﬁQ‘g"’g? ldd d&/dﬁigo&m&%gﬁﬁigd@#es Feasﬁgﬁ/cplégéﬁgé tslei(l)lﬁél?sslf sparged .
W t h 1100 sodvhmbnsulﬁtf:amdiﬂﬂbgefn lO%anenbrmfZ%a@baﬂﬂNﬂ-emldglqpfOpaneiZ% sol ution
of 10 sodi 2' azobis(N, N
2-am di nopdrﬁy %@f“d‘a Yi?g’rr‘gelﬁ @? {’5@%&{%@{2 m ceﬂdg? Ri chnond, VA,
USA) are adngeﬁhnzam begins withini Samnbtegamm ZMmmu&s;ﬂ:msdimmndmcbm%t er 20
mnutes, the s on becones.., viscous a enper.at ur e of e reaction
rises to SWECRUS apﬁéﬂertggg?rpwq%éheggﬁpﬁﬂgeﬁq g‘ﬁl@ ﬁl%??ﬂ"’%fscf%u 8@1? 3at 78-82
C. The resbial 6fNG Hofis)OP8-81%S TheBesultitipipolythey h&saBrobkfiehf vidiOof 60000

15  cpsat25 °C and contains 15% ofa homopolymer of acrylic acid with an intrinsic viscosity i

of 2.08 dV/gm in 1.0 molar NaNO3. |

Example 2 _
To a 1.5-liter resin reactor equipped with stifrer, tpe_l_'aturé controller, and water
20 cooled condenser is added 9.'1 0.75 g of dgibnized water, 49.45 gofa 58% solution of the
sodium salt of 2-'acr.ylat.nido-2-methy]-'1 -propane’éulf_onic acid (AMPS), 171.32 g of acrylic
acid, 187.17 gof a 50% solution of sodium hydroxide (ph=7.0) and 0.20 g of EDTA. The
resulting solution is sparged with 1000 cc/min. of nitrogen, heated to 45 °C and 1.00 g of 2
25% solution of sodium bisulfite and 5.00 g of a 10% solution of V-50 are added.

25  Polymerization begins within 5 minutes and after 15 minutes, the solution becomes

viscous and the temperaﬁh'e of the reaction rises to 80 °C. The reaction is continued for a
total of 16 hours at 78-82 °C. The msulﬁng polymer solution has a Brookfield viscosity of
15100cps at 25 °C and contains 15% of a 87/13 w/w copolymer of acrylic acid/AMPS with
an intrinsic viscosity of 1.95 d/gm in 1.0 molar NaNOs. '
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15 cps at 25 C and contains 15% of a honopol yner of acrylic acid with an
intrinsic Wéﬁﬂ?ﬂ&y of 2.08 dl/gmin 1.0 nolar NaNGB. BExafRlsGoar2i0 2
1.5-liter resin reactor equipped with stirrer, tenperature controﬁler, and

- water 20 cool ed condenser is added 910.75 g of deionized water, 49.45 g of

a 58% solution of the sodiumsalt of '

2-acryl am do- 2-nmet hyl - | - propanesul fonic acid (AMPS), 171.32 g of acrylic
acid, 187.17 g of a 50% sol ution of sodi um hydroxi:de (ph=7.0) and 0.20 g of
EDTA. The I‘ESL{| Ei ng solution is sparged with 1000 cctmn. of nitrogen,
heated to : d 1.00 g of a 25%solution of sodiumbisulfite and 5.00 g

of a 10% sol ut i pgla p5-1iter2sifedctaréipihped Rt StintiREmBehtiuf toR@allen andintater N 5
m nutes and after 15 m nutes, the sol ution becones viscous and the

t enper at ur €odled qondenserds.addsd 909.0%:g of driqniped wateRd 2,76 £9fia 8% solwtioROf eed for a
total of 1 - - 4629 L ' Iammﬁig ' ;

Br ookf i él dg(\)/di?'gggazti?? %161%&%30%%2}%1??% atn'&agfr?gﬁcont ai ns )’li%g‘%ggrghga‘é@l/]cw w w

copol yrer e¢id2d2:10 igof a §0%/solvtien of sodiumshydroxidei(pks7:0)\and 030 igtof EBTA1 & dI / gm

in 1.0 nol ar_Na 13 1] 4 JOo a
1.5-liter feégﬁnﬁg?%é‘g&nd? ”@Eﬁ‘ik&é@d%én&%ﬁg& Pfr}q{érég}éﬁiﬁn‘gg%%‘f‘ﬁﬁgx @gﬁbfg’oﬁ er, and
wat er  coolgfta ¢2.8%SBRtion bfsodittiebislfi@.afd 5.00 glof al 0% nblution VEV-S0 areladdeds g of a
58% sol utign of .the 5 sodium sal.t of . .

> acryl am d8VBeraiAy Pediosy N Gut PR eherdS ipEn e sobien DIEOPES | acry i o
aci d, 482. ificshs@hd the BiPerdlrd bf B8 réktidiPslesHY 050! Td f8ctioRRsdonthhudter H. 20 g of
EDTA. The resulting solution is sparged with 1000 cc/mn. of nitrogen and
heat ed t o a®al@f 16heuns, tudug which timg thetegperamteis mantared g #8-827iChiTal fi t e and
5.00 g of a 109% sgl uti f V- a dded. [l deONn begins within 5
m nutes and*4 lf‘%ﬁgﬁ&rﬁ%ﬁﬁ' Iég?s %ﬁ@osoﬁlﬁyg%%'%%gggéggfﬁ%%sc dsf:g *the

t enper at ur a5%fof b O3 vacopsipmer sfesrylio aBAAMPEwith apintrindie vistosiyrif2niged for a
total of 13 hourﬁ dur | which tinme the tenperature i s naintained at
78-82C. ThaVEmay Pﬂ%ﬁ%ﬂ?mr sol ution has a Brookfield viscosity of 56000
cps at 185C and contains 15%of a 97/3 w w copol ymer of acrylic acid/ AMPS
wth an intrinsic viscosity of 2.19 _

| Example 4

To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 911.1 g of deionized water, 26.17 g of a 58% solution of the

20  sodium salt of 2-acrylamido-2-methyl- 1-propanesulfonic acid (AMPS), 186.27 g of acrylic
acid, 203.58 g of a 50% solution of sodium hydroxide (pH=7.0) and 0.20 g of EDTA. The
resulting solution is sparged with 1000 cc/min. of nitrogen and heated to 45 °C. Then 1.00
g of a 12.5% solution of sodium bisulfite and 5.00 g of a 10% solution of V-50 are added.
Polymerization begins within 5 minutes and after 15 minutes, the solution becomes

25  viscous and the temperature of the reaction rises to 80 °C. The reaction is continued for a
total of 16 hours at 78-82 °C. The resulting polymer solution has a Brookfield viscosity of
69500 cps at 25 °C and contains 15% of a 93/7 wiw copolymer of acrylic acid/AMPS with
an intrinsic viscosity of 2.44 dl/gm in 110 molar NaNO
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dl/gmin 1.0 nolar NaNC3. 15 ExaWe 4 To a 1.5-liter resin reactor equipped

W th sti rw pkgyperature controller, and water cool edpeppdpmeRi | s added
911.1 g o daél oni zed water, 26.17 g of a 58% sol ution of the 20 sodium salt

of 2-acryl.am do-2-met hyl - 1- propanesul fonic acid (AMPS), 186.27 g of acrylic’

acid, 203.58 g of a 50% sol ution of sodium hydroxide (pH=7.0) and 0.20 g of
EDTA. The resulting solution is sparged with 1000 cc/mn. of nitrogen and
heat ed t oE#&mgle SThen 1.00 g of a 12.5% sol ution of sodiumbisulfite and

5.00 g of a 10%s tion.of V-5 W|th|n5
m nutes and af %??'fgtﬁrﬁﬂ?ggmﬁ%'p?g‘fg’ﬁ?g r,égrg W\%@éﬁguaggan Water

t enper at uggolef cdnhﬁlséﬁﬁﬁddeamﬁ 1.pasf dejonided water] B&.89 gafa 58 solnnmmﬁthmued for a
total of 16 _hours at 7 resul ti ol | uti.,gn has

Br ookf i el 8odjma &3jte tzya"&f éQ‘gdBetggsl'ﬁth%s‘@gﬁﬁ m%%égﬁc# 17 W w

copol ysmffaﬁ 1886 ofsse%ls%&aﬂ%?sw xicBK}EH*TIS(D)CanHOSO(ngfEDIW The44 dl / gm

in 110 no 14 WO 01/ 18064 P | USOCO 40721 Exan;)o To al.5-liter
resin .resasulting eqmqypwavsedm@tlpm eq/mmt efpiegen heated 3 o e 1.00g0f 3 at or

cool ed Conge3filiod e A Sgﬁgﬂé? d §o@ oﬁ?i@%‘%&lﬁ@m"ﬁ‘t\ﬁ%a@@d&% g of a 58%

sol ution -acrylram do - | -propanesul foni c aci c
( AVPS) , waymzngpmﬁ beginswithin 5 miwites ah@ 9ftgr 1§ noiputgs Qewlgmhep@nesomscg@dl um

hydr oxi de of E h spar ged
o th 1000 sE B edepfiafe i faftich b o 5 Toe AR OfRild bt Sl 3 000 801
of soqpum §auirk bt 7B-8IFE. mﬁeesqmg alyﬁﬁi’/so&ﬁioulhamBﬁafokﬁélﬂiﬂxsedsﬁy af1§1600

Pol ynmeri zati on begins within m nutes and after 15 m nutes the solution

becones vicpasds °CMCW&@MM7@3¥/MWPWFW%a?‘f"f@? ¥ . The
reaction | gg;i: laraN@,, hour s at 78-82 C. The resulting
pol ymer il sl?“’rc;‘;rll£"‘{;1s tfz(E)ir ooﬁbﬁé?é’lﬁ(}scom ty of 61000 cps at 25 C and

cont ai ns 15% of a 77/23 w w copol ynmer of acrylic acid/ AMPS with an
intrinsicg VhH5es gity of 2.49 dl/gmin 1.0 nolar NaNG3. Exanple 6

15 To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water
cooled condenser is adde;i 923.5 g of deionized watér, 152.58 g of a 58% solution of the
sodium salt of 2-acrylamido-2—methyl-l-propanesulfonic acid (AMPS), 120 g of acrylic
acid, 131.05 g of a 50% solution of sodium hydroxide (pH=7.0) and 0.20 g of EDTA. The
resulting solution is sparged with lO(_J_O cc/min. of nitrogen, heate_d to45°Cand 1.00 gof a

20 10% solution of sodium bisulfite and 5.00 g of a 10% solutiox_l of V-50 are added.
Polymerization begins w1thm 5 minutes a__nd after 15 minutes, the solution becomes

viscous and the tempemﬁi:: of the reaction rises to 80 °C. The reaction is continued for a
total of 16 hours at 78-82 °C. The resulting polymer solution has a Brookfield viscosity of
12500 cps at 25°C and contains 15% of a 93/7 w/w copolymer of acrylic acid/AMPS with
25 an intrinsic viscosity of 2.35 dl/gm in 1.0 molar NaNOs.

Example 7 _ _ |
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 1690.19 g of deionized water, 229.01 g of a 58% solution of the
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" 15 To a 1.5-liter resin reactor equipped with stirrer, tenperature

controller %‘g&g’d@t cool ed condenser is added 923. 50g l;g.mgs%h,g&hzed

water, 152 a 58% solution of the sodiumsalt

" 2-acryl am do- 2-net hyl -1 propanesul fonic acid (AMPS), 120 g of acrylic

acid, 131.05 g of a 50% solution of sodium hydroxide (pH=7.0) and 0.20 g of
EDTA. The resulting solution is.sparged with 1000 cc/ mn. of nitrogen,

heated to %dﬁn&awoﬂz-ﬁ&ymnmo-an%yﬂ- %ﬁ@aﬁsﬁufm it QdPSY B0 8Phdrylice and 5. 00

g of a 10% sol ution of V-50 are

Pol t be thin 5
ni nut es andcigrangd 0-292 oHENTAs SThe %Isﬁwpﬂg‘sﬁg’ggé‘% I&%@S&‘Ens \g‘IWE!@r:

teﬁperatUr%e&f:dioh&T%B‘O'l@%&f's&ﬁﬁmtbﬁuﬂﬁe&ddr émgb'a&rhdti@d continued for a
total of 16 hours at 78- C. The resulti ngq] yner sol ution has a

Br ookf i el d Relyeesizatiop hsgms mw misytes andafier wrmﬁ: e pelutiggohegdmes 93/ 7 w w
copol ymay Qixscﬂgshég'tﬂe @gas@mw Q:tl%ég?ﬁ{%lté R ”ﬂ&mﬂ@ﬁ?ﬂoﬁé{n&ﬁ f@r 35 d' / gm

in 1.0 nol ter resin reactor equi
stirrer, t@antpkofd6iours @078-82)1’6 eThe resultingpolymer salutionchas e Brieoksield vmosatgmbéd

1690.19 ¢ ei onLZe 9. of, a 58% sol.uti pn 5 WO
01118064 P%?Pgl Zégin iﬁuﬁﬁ\% 05 jGOHP wiw copolymer of acry cacxé/AM}’% %h

2- acryl ai i dm-igtrinsié Wigdosity afmmminflommelammm.( AVPS), 80 g of acrylic acid
and 0.20 g of EDTA. The resulting solution is sparged vvith 1000 cc/ mn. of

nitrogen, heated to 72 C and 0.10 g of sodiumbisulfite and 0.50 g of V-50
are addéd. Exemplederization begins within 5 minutes and after 10 minutes,

80°C The. roat o8 el et dehubild oiE{IEEE |eirallce blofIED gl Bl ' SO 1 ©
resul ting pwbly:&ewndsndeuismddedkﬁsé 93 drdeiokizedwater Be4® giof ¥ 58% solufiiofihs at 25 C
and contai ns .10 60/ 4 nmer of..acrylic, 'd/ wfh an
intrinsic \fog%‘sso{‘ﬁé‘% IWFﬁﬁ&Ph Fopgnespifanic %&@% ﬁM@}S To a
1.5-liter erBTm nmeimingesawugﬁmp%ngimg&n uoﬁdmlhwmmd@hmnﬁa@@tisjogl er, fand
wat er ool e Q ei.onized water g of a
58% solﬁ 98?18 EQ’S&'& % ng'“Wzaima FRINSWthiR 13 miptes and FheﬁPb‘Ea‘hesul f oni c
aci d ( AMPS)becstivd viscaid. qneieacEJaTlé\conmeedﬁm&duﬁgat?ag*svvc ORfikS16HMafsARd W th

1000 cc/mn. of nitrogen, heated to
reaction mixture is heated to a temperature of 80 °C and maintained at a temperature of 78-

82 °C for 24 additional hours. To the resulting polymer solution is added 666.67 g of
water. The resulting polymer solution has a Brookfield viscosity of 38000cps at 25 °C and

20  contains 12% of 100% homopolymer of the sodium salt of AMPS with an intrinsic
viscosity of 3.99 dl/gm in 1.0 molar NaNOs.

Example 9
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

25  cooled condenser is added 627.86 g of deionized water, 350.93 g of a 58% solution of the

sodium salt of 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS), 16.01 | g of acrylic

acid, (pH=3.0) and 0.20 g of EDTA. The resulting solution is sparged with 1000 cc/min.

of nitrogen, heated to 46 °C and 5.00 g of a 10% solution of V-50 is added.

Polymerization begins within 10 minutes, the solution becomes viscous and the _
30 temperature of the reaction rises to 56 °C. The reaction is continued for 7 hours at 53-57
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15 and 0.10 g of V-50 is added. Polynerization begins wwthin 15 m nutes and
the sol ut iyadeygGeOMes Vi scous. The reaction is continuegdifsodfdraiour s at
53-57 C. After 16 hours the reaction mxture is heated to a tenperature of
80 C and maintained at a tenperature of 78- 82 C for 24 additional hours. )
To the resulting polyner solution is added 666.67 g of water. The

resulting polynmer solution has a Brookfield viscosity of 38000cps at 25 C
and 20 cofCaAfier 1Boirs; 664.6Dgofwatenis hdded and the ieactaimixmrs islhisated toA\VPS Wit h an

intrinsic, Viscosi .99 dl / in 1 0|30 3. le .9 To a
1.5-liter: ﬁ"‘?@é@ﬁa‘gﬂﬁ? tﬂlgﬁ&égat --g??%e@f?gt-m&fx@ﬂfogﬁp}o&sr er, and
wat er 25 Thefesaldng polginersselutios hasckrdokiitld Hicogitydf 9d25®epsac25Caider , 350. 93 g
of a 58% solution.of L odi um sal f ..

2-acryl anfoRsins P&’ﬁ%ﬂ H}S?)W M%#@/@WW&WWWB%W@% acrylic

aci d, 6pHagritkic Assity 3. 7 dignBR 1A mdRENANGHdt biphofy®, Ut i on is sparged with
1000 cc/mn. of nitrogen, heated to 46 C and 5.00 g of a 10% sol uti on of
V-50 is added. Pol ynerizati-on begins within 10 m nutes, the solution
beconmes viEsamlsl@nd the 30 tenperature of the reaction rises to 56 C. The
reaction is copti ngé for 7 tlours.at 5%%57 ]‘6 WO 01/18064 PCJ/ USOQ 40721 .
C. After 7 hout®? erggsip reggtor canipped with stirrer, temperpiis contoller, 3pd Watet yre i s
heat ed t ocebled conmesertisiadied i 699019G ehidionizedyivater) 209.01 g 8f 4 S8V eslation sTuf 78- 8- 2
C for (16 addi tiaa(i)g(%l hours,, _The resultin ol yner sol ution has a Brookfield

vi scodPt ysqsuny 2355y lappido-grmethyl-1-prg nigacid (AMPSH BOHE g0f aerybivrol yner

(80/20 M g QbHAVDYUAD.20d FEBTAl ‘MelrBsultthgolutibi isrsﬁdrgedfmpmbfcwnﬁﬁ. 5.17
di/gmin 1.0 nolar NaNGB at aOpH of 7.0.  Exanple 10 To a 1.5-liter resin
react or eginippesa. hyated ta¥2 1G and 0.10g.9fsodivm bisulfite apdf).5Qg of ¥rd areadded. cool ed

condensergiﬂzl(.Sl | uggn ﬂ’?%%‘?iag"?Wﬁﬁgsﬁﬁﬁ‘gﬁﬁ‘é‘f&ﬁﬁ@ﬁg'%g°&hgﬂ@f a 58% sol ution

of the 1 m sa o -acrylam E _ -propanesul fonic acid
(AVPS), 8enperature6f the repttion rises td 80 CGHTBe Eactionds Gontigueg forf 24EMTHS82 ¥Ge resul ti ng

sol uti,@n i .ged W ' /1 . N t.0 72. C and 0. 10
oot 45 i BRRGHE Bd bbb s bokgeudhiscBisy G0p crb B84 bofiny °1C D1 C°
Wi t hi n 10108606 68/40 whe cepnlyner (34/6EeMAviy of AMPSaayliaaid with an intrinsic

viscosity 0f 2.79 d//gm in 1.0 molar NaNO; at a pH of 7.0.

Example 11 _ .
20 To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 1393.29 g of deionized water, 152.58 g of a 58% solution bf the
sodium salt of 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS), 120.00 g of acrylic
acid, (pH=3.0) and 0.20 g of EDTA. The resulting solution is sparged with 1000 cc/min.
of nitrogen, heated to 73 °C and 0.50 g of sodium bisulfite and 0.50 g of V-50 are added.

25  Polymerization begins within 5 minutes, the solution becomes viscous and the temperature
of the reaction rises to 79 °C. The reaction is continued for 45 hours at 77-83 °C. The
resulting polymer solution has a Brookfield viscosity of 487.5 cps.at 25 °C and contains
12% of a 40/60 w/w copolymer (19/81 M/M) of AMPS/acrylic acid with an intrinsic
viscosity of 2.02 di/gm in 1.0 molar NaNO; at a pH of 7.0.

30 :
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“tenperature of the reaction rises to 80 T. The reaction is continued for 24
at 78-82 C. 15 The resulting polyner solution has a Brookfield viscosity of
1000 cps atwRROEMd contains 10% of a 60/ 40 w w copol ynePCTABIMR72Y V) of
- AMPS/ acrylic acid with an intrinsic viscosity of 2.79 dl/gmin 1.0 nol ar
NaNO3 at a pH of 7.0. Exanple 11 20 To a 1.5-liter resin reactor equipped
with stirrer, tenperature controller, and water cooled condenser is added

1393.29 ¢ OE dei!og zed water, 152.58 g of a 58%sel ution of the sodium
salt of 2-a 0- 2-net hyl -| - propanesul fonic acid (AWPS), 120.00 g of
acrylic acid, (prEBsditeraesth f2adt6r eguippedWiti\stirfefaemperatintei contralir, i evater s

d with 1000 ¢c/min. i . _heat ed 3 0, 50 g.of sodi
b oulT it e aRepleh comicges s added 1 485 g el cionsst waiey B89 2o ShVasmpm St i 5
m nutes, thegodhh kil &Q-&gqﬂmw%&ﬁﬂuspﬁﬁﬂfwmankma%mb,q 5447 Etdﬁch'E@Ct i on

rises to 79 C. The reaction is continued for 45 hours at 77-83 C. The

resul tin§ petig{eH=30) andi0 ernfEDH A, Thncesulting solubienisispyreed witls 1009 cemaingt 25 C
and cont ai NS¢ pifgglnOfeabd 4076 iy S0P T HiskHied dnd. 08 o OF vAIFerd iy 1 ¢ aci d
y of 2. mol a

with an intrinsi VI SCOoSI t ?En%ln 1. NaNO3 at a pH of
7.0. 30 17 PBolymedization beginsdeighin P@imuysode s0imtian begamesviscoupantshetemperaiurg er
resin react ' | toh) oot | 1 e er
ool od condShLEfbRATa'eh F, T ElacedrBEIRLN £r £ BPIY By BT RPLZL
sol uti on of Théesultingipalymerabhutiod hdd-adRrogkfield viscofitynaft14G5cpk at 25 thandesutainoni c

acid (AVPRS) 54.47 g of acryli [ ( 3..0) . 2 of . EDTA. The
resul ti séBP%t"?Bﬁ;’FgW%&?@éﬁ%@@@éd@"@cﬁwh" 2‘%&’%‘88‘@%}‘%{%(1 to 79
C and 0. 25 gisedsit§ off3.36nilns il 1.0 indlad NNOs bth yH of 7.0/- 50 are added.

Pol yrmeri zation begins within 5 m nutes, the solution beconmes viscous and
the tenperature of the reaction rises to 84 C. The reaction is continued
for a total pdmdieipours at 78-82 C.  The resulting polymer solution has a
Brookfi el d viscosi t){ of 1465cps at 25 C and,contains 10 10% of a 77/23 ww
copol ymer (90. 7/ 80 81{¢litgr resin reactor squipped With fHTsT, {emperatyre coptrplies; and water

15  cooled condenser is added 1798.8 g of deionized water, 200.00 g of acrylic acid, (pH=3.0)
and 0.20 g of EDTA. The resulting solution is sparged with 1000 cc/min. of nitrogen,
heated to 72 °C and 0.50 g of sodium bisulfite and 0.50 g of V-50 are added.
Polymerization begins within 5 minutes, the solution becomes viscous and the temperature
of the reaction rises to 80 °C. The reaction is continued for a total of 40 hours at 77-83 °C.

20  The resulting polymer solution has a Brookfield viscosity of 2200 cps at 25 °C and
contains 10% of a 100% homopolymer of acrylic acid with an intrinsic viscosity of 3.72
dl/gm in 1.0 molar NaNO; at a pH of 7.0.

E el4

25 To a 1.5-liter resin reactor equipped with stirrer, témperature controller, and water
cooled condenser is added 1444'.85 g of deionized water, 40.40 g of a 48.9% solution of
acrylamide, 180.25 g of acrylic acid, (pH=3.0) and 0.20 g of EDTA. The resulting
solution is sparged with 1000 cc/min. of nitrogen, heated to 75 °C and 0.50 g of sodium
bisulfite and 0.50 g of V-50 are added. Polymerization begins within 5 minutes, the

18



viscosity of 3.36 dugmin 1.0 nolar NaNO3 at a pH of 7.0. Exanple 13 To a

1.5-1iter weeidgedscact or equi pped with stirrer, tenperat |l er, and
wat er 15 cool ed condenser is added 1798.8 g of deioni zely(fq'\’/\'gﬁ‘g*"gﬂzoo.oo g

of acrylic acid, (pH=3.0) and 0.20 g of EDTA. The resulting solution is
sparged with 1000 cc/mn. of nitrogen, heated to 72 C and 0.50 g of sodium
bisulfite and 0.50 g of V-50 are added. Polynerization begins within 5

m nut es, tshlatimnbanbmemvmmmienmmmrmfdhdﬂe&tioﬁlﬁ@ﬁﬁ&%ﬂ PE. Th reidtionr €acti on

rises to 80 rea or tot of 40 hours at 77-83
T. 20 The‘%‘é’é‘HT"i f“yﬂ&3 Hi‘??%hghgd'“f TIPRNEY of 2200 cps
at 25 C amoomemﬁscaﬁqm%mcpaaﬂm SarGaReiny 8%, o@a 900 W/ €o pM th an
IntrInSICVISCWbXOf:S?Z dl/gmin 1.0 nmol'ar NaNG3 at a pH of 7.0.

Exanpl e 14905 faceyliciacidfacriaaide vithi Bl yissputy of 3SR dégm in bP

t enper 3t UnR1HBANG) lat £pH o8@. Wat er cool ed condenser is added 1444.85 g of
dei oni zed water, .40.40 g of '‘a 48.9% solution of acrylam de, 180.25 g of
acrylic acid, (pH=3.0) and 0.20 g of EDTA.. The resulting solution is

spar ged “‘E&%@QQQ cclmn. of nitrogen, heated to 75 C and 0.50 g of sodium
bi sul fite™an 0 g of V-50 are added. Pol ynerization begins within 5 )

m nutes, the 1'80V\DSEimmeﬁm‘caﬂomqu@edwﬂﬁﬂthrer,stuhperamredomoﬂegmn&wamus and
e LoTPekRh dyBhll1E 8R8]9S R vty To 8 K os s RIAoR B HpE e e o

Br OOlkfloel sbdiurs saiisoﬂzyacujlarfiﬂéa-mq:thylalt-pragt}né‘smﬂxc(_aqgt(AM_ PS), R%O@fofacﬁﬂd 10 ww
copol ymer 1 - of - acidlacrylamde with an jntrjnsic

vi scosity® ‘Bé %g‘('ég"w&nﬁ gngf%l%‘l"% rﬁsfuh?%lﬁé?“_%’f lsgpﬁgpdgw%ﬂdﬁc Biknpl e 15 To
a 1.5-11t efnitr6gen/heaedasd 60 °Eand NPSE ofd édlutivhiof Ve30 is hATERE PallykERzatioNt 1 Ol | er,

and water_, cooled condenser is added 862,36 g of deionized water, 76.29 g
of a 580 beRRRTIGAR bF Minyies, the scluinbercrags visgpus and the temperature of the reaction

2-acryl am;glq165T8¢ h1he deadtioR RACHARMel 8t a%o Hof¥2P3-699¢0 Berylic
acid, (pH=3.0) and O. e10 goof EDTA. Thea r%gtﬂlttl ng ?g Stﬁlgngﬁgrgﬁar ged with

1000 &2/ nthg reaction mixture is heated to a temperature of 80 °C and maintained at a temperature of
78-82° > C for 12 additional hours. The resulting polymer solution has a Brookfield
viscosity of 63300 éps at 25 5C and contains 10% of a 40/60 w/w copolymer (19/81 M/M)
of AMPS/acrylic acid with an intrinsic viscosity of 8.02 dl/gm in 1.0 molar NaNO; at a pH
of 7.0. |

20
Example 16

Toa l;S-Iiter fesin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 1464.47 g of deionized water, 200.00 g of acrylic acid,
(pH=3.0) and 0.20 g of EDTA. The resulting solution is sparged with 1000 cc/min. of

25  nitrogen, heated to 75 °C and 1.50 g of sodium bisulfite and 0.50 g of V-50 are added.
Polymerization begins within 5 minutes, the solution becomes viscous and the temperature
of the reaction rises to 87 °C. The reaction is continued for a total of 26 hours at 78-84 °C.
The résulting polymer solution has a Brookfield viscosity of 440 cps at 25 °C and contains
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"of nitrogen, heated to 60 C and 1.25 g of a solution of V-50 is added.

Pol ymeri zation Dbegins within 15 mnutes, the solution begofEsoMéRfous and
the tenper ¥YAP¥H the reaction rises to 65 C. The react! on |3M%7Zfr:1ti nued
-for a total of 6 hours at 63-67 C. After 6 hours 5 the reaction mxture is
heated to a tenperature of 80 C and maintained at a tenperature of 78-82
C for 12 additional hours. The resulting polynmer solution has a Brookfield
Vi $COSi t Y qhyBF30Q0H Hondboldmel 03B 1is 85l Withan hfiasit viscodity 601.87 dVganipol yer
(19/81 MM of AMPS acrylic acidwith an intrinsic viscosity of 8.02 dl/gm
in 1.0 nol dr0 mokSaliOs at gl ofg40.7. 0. 20 Exanple 16 To a 1.5-liter resin
reactor equipped wth stirrer, tenperature controller, and water cool ed
condenser is added 1464.47 g of deionized water, 200.00 g of acrylic acid,
(pH=3. 0) arEkafpled7g of EDTA. The resulting solution is sparged with 1000

cc/mn. of 25 nitr heated to 7 . 0 g i j i.te and
0.50 g Of V-50 z}lr"é‘olg%g'&fj‘.esmﬁ%ﬁ?&g‘ﬂ‘l“g"a"ﬁi“ﬁ‘d‘%&&‘?né"}’\‘fm&%‘ﬁ? ‘g‘q@nﬁﬁhﬁkg&t he
sol ution bapgResondensepisaddsid28 /08 glof deieniatd water, 1f2.38gofrack8% sadutionicfée to 87

C. The reaction i ntipue or .a . total of,.26 ho - he
resul ting ﬁ@ﬁwﬁggf‘ﬁ‘frﬁ’ ‘%ﬁi’m&%}' @R?%?sﬂlf%‘%%cg{@va%)r Z%)L@fl%é}sacg}c% C
and cont ai ngid, 191.50Q Si504BRMRY I REPHCT D) and 122 Héf EDTAO Yhdwesuithed yrer  of
acrylic acid with an intrinsic viscosity of 1.£7_ gl‘,{:gn“@ é&% | ar NaNG3
at a pH of splugion issparged with Y009 cefnig. of nijragen, heated(o;4 i o] i |'%ed with
SUi rreryg U eIRfbA bffolivhPBibdi e aBd 5.ogg¢5m%rsoluﬁ&%f6¢tsom¢aaé@r is added

923.03 g of deionized water, 152. of a 58% solution of the sodiumsalt
of 2-acryl atrityfuerizationbegins withis |Qsminutes, thesselusion becqmenyiseops andthe 00 g of

acrylic ac&ﬂa‘ﬁt‘ﬁ%ego'}%se%r&iimﬁg%s 3998 o Wﬁ%&;ﬁhﬁ fi% Océﬂth'ﬁ@d £or 23 Hui3 aPfk-g0 Of

EDTA. The res utton i's sparged with 1000 -cclmn. of nitrogen,
heated to 4. Thamesulting polymer selutios hiasiaBrookiield vigcasity sbli250epsias@f FEard and 5. 00

g of a 10%(:50?1 tsiulg% o?fa 4376%%/@%8?63%%2(1%/%5%{' j&flﬂ;si/agﬂllﬁ(agiid%th%t hin 10

m nutes, the's i'on becones v
15 intrinsic viscosity of 1.94 dl/gm in 1.0 molar NaNO; at a pH of 7.0.
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tenperature of the reaction rises to 78 C. The reaction is continued for 25
hour s at &8% C. The resulting polyner solution has a Br okflel d

Vi scosity of 0 cps at 25 C and contains 15% of a 4 opoI yner .
(19/81 MM of AWPS/acrylic acid with an 15 intrinsic vi sc05|ty of 1.94
di/gmin' 1.0 nolar NaNG3 at a pH of 7.0. 20 WD 01/18064 PCT/ 1JS00/ 40721
The properties of the anionic stabilizers prepared in Exanpl es 1-17 are
summari zed i nThaptoperties of the ankémit Sablli Lopark ¥iRharpleabi | | zers
Exanpl e Stabilizer Stabilizer RSV IV VIS AA/AI\/P AA/AI\/PS @a. O%dI/gmcp
wt / wt rml‘!’?ﬁll’eéi/gm 1 100/0 100/0 3.60 2.08 60000 ~2 87/13 95.0/5.0 2.94
1.95 15100 3 97/3 98.75/1.25. 3.87 2.19 56000 4 93/7 97.5/2.5 4. 58 2. 44
69500 5 77/23 90.7/9.3 4.39 2.49 61000 6 93/7 97.5/2.5 3.91 2.35 12500 7
60/ 40 80/20 2.99 2.79 1000 8 0/ 100TaMe b0 3.99 38000 9 8/92 20/80 5.17

94250 10 40/ 60 66/34 2 2 487.5 12 77/ 23
90.7/9.3 3.36 1465 13 1€ /%Qﬁgﬁ%ég@fé%éégﬂ%g/ 10 90/10 3.59 7040 15

60/ 40 81/19 8.02 63300 16 100/.0 100/0 1.87 440

Example | Stabilizer | Stabilizer |RSV - {IV | VISC
AA/AMPS | AA/AMPS |@1.0% |digm  |ep.-
wtiwt mol/mol - dl/gm | 1
1 100/0 -100/0 3.60. 2.08 - | 60000
2 87/13 95.0/5.0 2.94 1.95 15100
3 97/3 98.75/1.25. |3.87 2.19 56000
4 93/7 97.52.5 - | 458 2.44 69500
5 77/23 90.7/9.3 4.39 249 161000
6 93/7 97.512.5 3.91 2.35 12500
7 60/40 80/20 2.99 2.79 1000
8 0/100 0/100 3.99 38000
9 8/92 20/80 5.17 94250
10 40/60 66/34 2.79 1000
11 60/40 81/19 202 4875
12 77123 90.7/9.3 3.36 1465
13 100/0 100/0 3.72 2200
14 90/10 90/10 . 3.59 7040
15 60/40 81/19 8.02 63300
16 100/0 100/0 1.87 440
17 60/40 81/19 1.94 19250
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"17 60/40 .81/19 1.94 19250 21 tl44k 1 : WD 01/18064 PCT/ USCQO 40721 POLYMER
Dl SPERSI ONS W TH AA AND AA / AMPS STABI LI ZERS Exanmple 18 To a 1.5-liter
resin reactwoowtMégpped with stirrer, tenperature control | BET/USNYORAter 5
-cool ed condenser is added 361.8 g of deionized water, 114 g of sodium
sulfate, 76 g of amonium sulfate, 0.53 g of sodiumformate, 40 g of a 15%
sol ution of a honopol ynmer of acrylic acid (Exanple 1), 374.8 g of a 49.6%
solution of acry ' : a k ) 85 g of 50%
sodi um hydr oxi deﬁﬂg@é§ﬁ§f%ﬁ%wm)§%kmg@% 35 C and
0.30 g of a 1% solution of 2,2" azobis(N N -dinethyl ene 10 '

| sobutryram di ne) di hydrochioride (VA-044, Wako Pure Chem cal |ndustries
Ltd., OsakaExampltd) is added. The resulting solution is sparged with 1000
cc/mn. of nitroggan sAdesifiactsP eqiipfet willPSth B tbragdrataie cBREIIRE afd Walehe

sol ution becones- viscous. After 3 hours, the mxture is a m]ky paste and
0.30 g of acapledsondensesis asided 261cRg of deionipgd avatenskld g of sediym sulfates 26 okt ure is a

m | ky di spe[.sj 19 ' A | 5 15
nour & 1. 2 ghiipOituftfhsie, b8 be Baidp e, 40B oFh 130 sl o QitRRPolyRICHOF D 2
| % sol ut i onaaglic dvid BAample 1233468 g ofa #B.6%oltion of Zryamige (F85822); ddiB g 9fon of
3436 C  ToRen s L1 BTRS AR sl BB B8 033 o ALROTR. 13E Rl T

sul f at e andhdited to85 Orami0.30ng sid % saluticdnhef 2,24 szabis(INN'-dimbeghpdene di sper si on has
a ‘Brookfjel d viscosi,.t f 1035 . f. 7.0 nd. cqntaj ns. 20% of a 93/7
20 copoﬁ mP°W1WM@@}%§W€§V§@?§ ‘&ﬂf‘#“ﬁé Fgﬂﬂ‘é"égn Fszg osity
of 17.4 dl / gipadtis adde®4PhO resultingGONEBIOR spirgedwitie 100D cbanifl. o nfirdged. CAREGDI N
react or equi,ppec?ls?/vi teh stirrer, tepper sffrg controlcl erl, f?rrllg v%ate 25 cool ed
condenser | DURIRPIVIORIIZELON heging an Fi‘gﬁ'%gleé‘?“,‘esl"i%"‘&'& % &Pﬂfﬁa‘gﬁl fate, 76
g of  anmmoninine W o Biey pditeddd 0.301z oF @ 04 4oNitioh SRVA-044Gs sdded. AfdroPhched ution of

an 87/ 13 w w copol ynmer of acrylic acid/ Anmps (Exanple 2), 376.15 g of a
49. 4% sol ut themighreds s pillrdispersion and 0.3 g of a 1% solution of VA-044 is added. After 5

15  hours 1.2 g of a 1% solution of VA-044 is added. After 7 hours 2.9 g of a 1% solution of
VA-044 is added. After 8 hours 2.90 g of a 2% solution of VA-044 is added. The reaction
is continued for a total of 16 hours at 34-36 °C. To the resulting dispersion polymer is

added 12 g of sodium sulfate and 8 g of ammonium sulfate. The resulting polymer
dispersion has a Brookfield viscosity of 1035 cps ,a pH of 7.0, and contains 20% of a 93/7

20  copolymer of acrylamide/acrylic acid with a reduced specific viscosity of 17.4 dl/gm at
0.045% in 1.0 N NaNOs. : '

Example 19
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

25 cooled condenser is added 360.6 g of deionized water, 114 g of sodium sulfate, 76 g of
ammonium sulfate, 0.53 g of sodium formate, 40 g of a 15% solution of an 87/13 w/w
copolymer of acrylic acid/Amps (Example 2), 376.15 g of a 49.4% solution of acrylamide
(185.82 g), 14.18 g of acrylic acid, 15.70 g of 50% sodium hydroxide, and 0.33 g of
EDTA. The mixture is heated to 35 °C and 0.30 g of a 1% solution of VA-044 is added.
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(185.82 g), 14.18 g of acrylic acid, 15.70 g of 50% sodi um hydr oxi de, and
0.33 g of EDTA. The mxture is heated to 35 C and 0.30 g of a 1% sol ution
of VA- 04MWO81/E6Hed. 22 WO 01/ 18064 PCT/ USOQ 40721 The PEIZUS00/#0T2 Sol ution
is sparged with 1000 cc/mn. of nitrogen. After 60 m nutes, polynerization
begi ns and the sol ution beconmes viscous. After 210 mnutes, the mxture is
a mlky paste and 0.60 g of a 1% solution of VA-044 is added. After 6.5

hours th ure m | ky, di,s S|onad.12 f 1% sol uti on of
V- 044 1 s dentas e Soergel ypli 130ty SE e, e it 04471 s added.
The reactpogmx erigativRbegins @il tﬁ@solmoh%aimdafwsc&ﬁ A®er 21 0athindtes, We hixwut® t he

resul ting ersion polyner is added 12 of sodiumsulfate and 8 g of
anmoni umiS§m eastem’é"@ﬁﬂfﬁ IKQS%WW%VMM&@"ST]ARS@é heyrsthR{ i el d

viscosi t meﬂ’;e i€ Q%H@%xsp&sﬁﬁiaﬂf 1.7 gQ;f a fi%dsoﬁﬁﬂﬁ 8f V?\-(ﬁQ% fided R4 copol ymer of

acryl am de/ ac%lc aci d a reduced: specific viscosity with a reduced
speci Pi c hours2ékg efia MSQMOP QﬂWgﬁ'P’als agdeds The reactions eaptinpaddvstotsbafanpl e 20 To

a 1.5-1iten t roller,
2nd wat e ShSLASERE B CRMIRRE Gopith iiphé B g SIPE LRI SR O\ 81
sodi um sand 8 gef adrhoyiunysulfats. Thewesiling mluhﬂatdispelﬁpnhas;p Blfookﬁnld viseosity mat e, 40

g of a 15 | ut i 3 ne ci d/ Anps (Exanpl e
9 250, B79F b 4 6L Mg Gt Moy o££00Y Wil R tamtigREnte sl | o
acrylic &ﬁnhdl,redtibeﬁEpegxﬁOf\nsE&‘i@sﬁtﬂlalmdd@ydispemﬁdQnsc&:tﬁﬁfy7 bil/goak 0.045% or mat e,
andq gﬁgvﬁag The m xture is heated to 35 C and 0.30 g of a 4% ’
sol utP 'l I s added. The resulting solution is sparged with 1000
cc/mn. of nitrogen. 20 After 30 minutes, polynerization begins and the

sol ution_becones viscous. After 2 hours, the mxture is a m'Iky di spersion
and 0. 30%—%222—4% solution of VA-044 is added. After 4 hours 0.30 g of a
4% sol ution ofqe YA:sMiér resin %A&s E@{mﬁ sﬁ%ﬂrtsmﬁa@ﬁr&oﬁ&olﬁrﬁx{a weyt ion of
VA- 044 is added. After 8 hours a 4% sol ution of VA 044 is added.
The r eacedlefcandensemisiaddrd MR df g0 slapweddvatarslzﬁcm sodinmzylfge, 3¢ g ofhe

resulyki ”%Hﬁh%%ulﬁiewwéb%d&% 3fiRaté 46@%?5“15%'3@1&%&8@& §M33§m2950 cps. To
theresultlng dlsperS|on olymer is ad 92596 sodiumsulfate and 4 g of
'

amoni uncenslyraerof acrylic $ @%kMOQP g % solution of acrylamide
(139.36 g), 10.64 g of acrylic acid, 11.65 g of 50% sodium hydroxide, 0.40 g of sodium

formate, and 0.25 g of EDTA. The mixture is heated to 35 °C and-0.30 g of a 4% solution
of VA-044 is added. The resulting solution is sparged with 1000 cc/min. of nitrogen.

20  After 30 minutes, polymerization begins and the solution becomes viscous. After 2 hours,
the mixture is a milky dispersion and 0.30 g of a 4% solution of VA-044 is added. After 4
hours 0.30 g of a 4% solution of VA-044 is added. After 5 hours 1.20 g of a 4% solution
of VA-044 is added. After 8 hours 2.90 g of a 4% solution of VA-044 is added. The
reaction is continued for a total of 16 hours at 34-36 °C. The resulting polymer dispersion

25  has a Brookfield viscosity of 2950 cps. To the resulting dispersion polymer is added 6 g of
sodium sulfate and 4 g of ammonium sulfate. The resulting polymer dispersion has a
Brookfield viscosity of 1200 cps, a pH of 7.0, and contains 15% of a 93/7 copolymer of
acrylamide/acrylic acid with a reduced specific viscosity of 23.1 dl/gm at 0.045% in 1.0 N
NaNOs.
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"Brookfield vi scosity of 1200 cps, a pH of 7.0, and contains 15%of a 93/7
copol yner of ac amd.e/acrylic acid with a reduced specific viscosity of
23. 1 dI/gm‘XP“lﬂ”@é‘S%l n 1.0 N NaNC8. 23 |1~ WD 01/18064 PEVPE8EN210721
-Exanple 21 To a 1.5-liter resin reactor equipped with stirrer, tenperature
controller, and water cooled condenser is added 442.1 g of deionized

wat er, 126 g of sodiumsulfate,84 g of 5 ammoni um sul fate, 0.40 g of sodium
formate, 40 g of a 15% solution of an 97/3 ww copol ymer of acrylic

aci d/ Anps (Exanple 3), 280.99 g of a 49.6% solution of acrylamde (139.36
g), 10.64 gExdmpie2l/|ic acid, 12.00 g of 50% sodi um hydroxi de, 0.40 g of
sodium formate T t d 0.30
g of a 4% sol utlﬁEanl QT]i%%A&GP%aEP %33%@“’%?%2%@7%9 c%ﬂtrél on |S’a€egarged
with 1000 ceddlédreondénsetiis addgd442. ILQoN&mnzeﬂGvamrnnﬁ g of sadoiny seifatezB4tg afn begi ns

and the gol ution bec | ter o Lhe m xt s a mlky
di spersidn &GO 6‘%“‘3“‘&50%’ fzféga'm %0 aiaﬁ-sgﬂg%géan'"ggﬁ\gfﬁv 4 hours
0.30 g of acepkyniek bf dﬂlcﬁfnd)(éﬁnﬁs‘l(‘ﬁx&ﬁpﬁﬁﬂado 99\&'&)195 4§6%Quruﬁoﬂoﬁﬁrﬂarﬂfdea 4%
solution of VA-044 is ad After 4% so| utj on of

VA-044 is atid@d6 exie. 64.%@5&%%@% 1&9918&%&% sp@vmag@rafuéﬁ Q40 g gf 398 at

34-36 C. Thgyrhigdhd 0.29gRPEDTR! ﬂb%ﬁﬁh@:@ﬂea@e’ﬁt8§§°@mﬁm§ bﬁiﬂ%\éblﬁﬁ%' ty of
5500 cps. To _the resultTing dispersion polyner is added g of sodium

sul fat e ando@iVe-04f isadderhi rsaytﬂetselunqm@sp@sﬂmw@@mrofm@sm sion has a
Brookfi ghd sCRShinttedpo egyg‘ge Btkrﬁith so@m.oﬂgucog@guﬁm Wit Shos, 93/ 7

copol yner o acryl am |d wth are specitic viscosSity of
22.2 dl/ gm the noxtore59s milky dtspwsmmammao ecfa%rspuueomfvr@-OM is ddded. tAfterdesi n

t | ed
condenser i 1oBENa0kE e ¥ schulbn of PRRGT, ke “RRL BouRr20PGr By e 76
of ammoni uof A4 isaddeéd. %ﬁquwmﬁwmmomvg\-m A addedh Theuti on of a
97/3 W w

reaction is continued for a total of 16 hours at 34-36 °C. The resulting polymer dispersion
15  has a Brookfield viscosity of 5500 cps. To the resulting dispersion polymef is added 6 g of
sodium sulfate and 4 g of ammonium sulfate. The resulting polymer dispersion has a
Brookfield viscosity of 1335 cps ,a pH of 7.0, and contains 15% of a 93/7 copolymer of
acrylamide/acrylic acid with a reduced specific viscosity of 22.2 dl/gm at 0.045% in 1.0 N
NaNOs.
20
Example 22
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water
cooled condenser is added 361.8 g of deionized water,114 g of sodium sulfate,76 g of
ammonium sulfate, 0.53 g of sodium formate, 40 g of a 15% solution of a 97/3 w/w
25  copolymer of acrylic acid/AMPS (Example 3), 374.8 g of a 49.6% solution of acrylamide
(185.82 g), 14.18 g of acrylic acid, 15.85 g of 50% sodium hydroxide and 0.33 g of EDTA.
The mixture is heated to 35 °C and 0.30 g of a 1% solution of VA-044 is added. The
resulting solution is sparged with 1000 cc/min. of nitrogen. After 60 minutes,

polymerization begins and the solution becomes viscous. After 3 hours, the mixture is a
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25 copol yner of acrylic acid/ AMPS (Exanple 3), 374.8 g of a 49.6% sol ution
of acryl am de a185.82 g), 14.18 g of acrylic acid, 15.85 of 50% sodi um
hydr oxi d&YHA8¥433 g of EDTA. The mixture is heated td "7 0.30 g of
a l%solution of VA-044 is added. The resulting solution is sparged with °
1000 cc/mn. of nitrogen. After 60 m nutes, polynerization begins and the
sol ution becones viscous. After 3 hours, the mxture is a 24 WO 01/ 18064

T SO e G50 AR G R 0 B gAY 2,200

After 4 e mxture is ~a mlky paste a 1%
sol ut i on'stdt a milkp pastd and Dcbdegiof adi% solutionof Nd104% is hddedniAfien 5.6 higs theni | ky

di spersi 19 i - i d ter 7 hours
2.9 ¢ of'%gx@%isé%fr@ﬁ 8‘%{’%&%%3?’@9%3@8&%%’3%%ﬁg“r sﬁi%zti nued fora
t ot al of hourd 8.9gwfiad Yasohitibn D6 VA-044ds added.r Elsaretdtion iskonfinuedifora tpral ofrer i s
added_ 12 of saqgi fate and.8 g.of ammoni fage.. The resulting.
ol ynr  af s B EhAATCE o ot o RRCAchelkim poBEIT  adfed bl Sheginpi of 7 0,
and cont ghd'$g 3PAfmbbniam okafe. CTHRALINGE Silym@Wisperitndas #Braokfieldacid with a
reduced spec|fic viscosity of 18,8 dl /&m at 0.045%in 1.0 N NaNG3. 10

Exanpl e Yiscosty f 1275 cps, p pH of Q. and containg 20% pfia 3 FoRPlymeset rrer, tenperature

cont rol | gdrylamitid/a0R4i6 beid Wl aGedue e GRESE Vistditp S F8l8 didm dr K048 #QiQi zed
wat er, 126 of sodiumsulfate, 84°g of ammoniumsulfate, 0.40 g of sodium
format e, N0y of a 15% sol ution of an 93/7 ww 15 copol ymer of acrylic )
aci djgps (Exanple 4), 280.99 g of a 49.6% solution of acrylam de (139.36
g), 10.64 g of acrylic acid, 11.70 g of 50% sodi um hydroxi de, 0.40 g of
sodi um Exemple23 and 0.25 g.of EDTA. The nmixture is heated to 35 C and 0. 30

g of a 4% solqtj P ..9f YA j s tqu ; ' ion iLs sparged
wi th 1000 cc/frﬁ%?'gé?&ﬁ?s?{ﬁc?gé%éqﬁlx? 'er%ﬁn%ﬁrﬁrﬁéésﬂ%twﬁg%ﬁn@r#tzag 'Q%thlsbegi ns and
t he sol utdoted dondennarss added 9424 g 6f degoniZ2d lnater,$26 @ 6f sodmmsulfhter 84 gof a m | ky

0. 30 g ornmonypeite bl o sooteptatets dogote At GBIy or 2006
sol ut$ oncopofyméPoablylicaciddaiaps (EAdsie 45 280080 & ofa £006% solution éldcstimidé on of
VA- 0441 ?1381%j Ei' 1 O-EQ 2 of acrylic acid, 11.70 g of 50% sodium hydroxide, 0.40 g of sodium
formate and 0.25 g of EDTA. The mixture is heated to 35 °C and 0.30 g of a 4% solution
of VA-044 is added. The resulting solution is sparged with 1000 cc/min. of nitrogen.
After 30 minutes, polymerization begins and the solution becomes viscous. After 2 hours,
20 the mixture is a milky dispersion and 0.30 g of a 4% solution of VA-044 is added. After4
hours 0.30 g of a 4% solution of VA-044 is added. After 6 hours 1.20 g of a 4% solution
of VA-044 is added. After 8 hours 2.90 g of a 4% solution of VA-044 is added. The
reaction is continued for a total of 16 hours at 34-36 °C. The resulting polymer dispersion
has a Brookfield viscosity of 2500 cps. To the resulting dispersion polymer is added 6 g of
25  sodium sulfate and 4 g of ammonium sulfate. The resulting polymer dispersion has a
Brookfield viscosity of 710 cps, a pH of 7.0, and contains 15% of a 93/7 copolymer of
acrylamide/acrylic acid with a reduced specific viscosity of 23.2 di/gm at 0.045% in 1.0N
NaNO;.
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“reaction is continued for a total of 16 hours at 34-36 C. The resUIting

pol ymer di spersi has a Brookfield vi sc05|ty of 250 t he
resul ting gﬂg}sgf"on polymer is added 6 g of is 25 sodi u?ﬁ@ﬁ?@g&gl and 4 g

-of ammoni um sul fate. The resulting polynmer dispersion has a Brookfield
viscosity of 710 cps, a pH of 7.0, and contains 15%of a 93/7 copol ymer of
acrylamde/acrylic acid with a reduced specific viscosity of 23.2 dl/gm at
0.045% i n Tx@mble HaNGB. 25 WO 01/ 18064 PCT/ USOQO 40721 Exanple 24 To a
1.5-liter resin _reactor equipped wiith stirrer, tenperature_controller, and

water cool ed caﬁaérkbﬁerxegmm@aeweé with stirTefe fegperagie Gamtioller, andwagerof

sodi um sul fe Z&dgngehsaa&emm@&l&ioa&@dw&eﬁm%efsoaﬁmwme @e 40 g of
a 15% sol utlon of a 93/7 ww5 copolyne acryfic aci d/ AMPS le 4),

374.8 g of ammgiwgysulfste, 0588 of sodiwm farmatedd g QM"/BS)@)OII of 4 938 wfwof acrylic

acid, 15%. 65 § ture is
neat ed o JePuSiam it ORI BXhiie 45304 804 4 49850 soddbitor flatfl

resul ting qb8382gnl4.18 g pkacgdid avid] 15. 653)61‘&0% sudmmhydmmder, awbh33 gbf er 60

m nut es | zat i on. co Vi SCOU After 3
hours, theqﬁ#m hﬁ 5?3‘ %Fﬁ?f?y% ?Bgﬁ’ﬁ %ﬁ?@@n&??ﬁ éi&fﬁ/a ‘ution of
Vﬁaoam I fS aﬂﬂg&;ltﬁékﬂﬁn&n’ésﬂi@gﬁ’d&nﬂﬂlﬂgo gc/fil’m oﬂmi&{%ﬁ?/ |A,f(t)et-4 gﬂnmiutéég\dog4 lAfS
added. After our. ution Q i s., adde ter
6.5 hours POHTTIZoY beginc e m%utwjbegwazlsp@lsamﬂﬁ% e BRITB I 4

conti nugd fritkyadispelsin anll 050 glo@u % s%lun%f}oBGACbMToaddE@ ARSY 4 hots, 412 si on

polymer is added _ 12 of sodium sul fate and anmoni um sul fate. The

resul ting r?oll/yFFﬂPt‘%‘g dy-044is added. Adten5.Rhowr2: %GEfﬂll%é%MWObeA@éﬁ@ cps, a

pH of 7.0, aad %alsnﬁu&%gsfﬂ%%ﬂu&pmmwlsqadeda%x!réewﬁéacry' ic acid
with a reduced specific viscosity of gmat 0.045%1n 1.0 N NaNGCs.

Exanpl e 25 cpatinpgd for 2 total afi16 hovrs & 34-369&‘@ tfqthetpamlppediswmn palymerds added
tenper at ur § 9G00Hsh it Shifar@ it ¢ bfimmonium sulfate. The resulting polymer dispersion has
15 aBrookfield viscosity of 2220 cps, a pH of 7.0, and contains 20% of a 93/7 copolymer of
acrylamide/acrylic acid with a reduced specific viscosity of 18.8 dl/gm at 0.045% in 1.0N
NaNOs.

Example 25
20 To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 442.3 g of deionized water,126 g of sodium sulfate,84 g of
ammonium sulfate, 0.40 g of sodium formate, 40 g of a 15% solution of an 77/23 w/w
copolymer of acrylic acid/Amps (Example 5), 282.12 g of a 49.4% solution of acrylamide
(139.36 g), 10.64 g of acrylic acid, 11.67 g of 50% sodium hydroxide, 0.40 g of sodium
25 formate, and 0.25 g of EDTA. The mixture is heated to 35 °C and 0.30 g of a 4% solution
of VA-044 is added. The resulting solution is sparged with 1000 cc/min. of nitrogen.
After 30 minutes, polymerization begins and the solution becomes viscous. After 2 hours,
the mixture is a milky dispersion and 0.30 g of a 4% solution of VA-044 is added. After 4
hours 0.30 g of a 4% solution of VA-044 is added. After 5 hours 1.20 g of a 4% solution
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cool ed condenser is added 442.3 g of deionized water, 126 g of sodium

sul f at e, 8¢ gh1280s4 2MONIi UM sul fate, 0.40 g of sodi umforirg.%,gs< 29 of a 15%
sol ution of an 77/23 ww copol ymer of acrylic acid/ Anps e 5),

282.12 g of a 49.4% solution of acrylam de (139.36 g), 10. 64 g of acrylic
acid, 11.67 g of 50% sodi um hydroxide, 0.40 g of sodium 25 formate, and
0.25 g of EDTA. The m xture is heated to 35 C and 0.30 g of a 4% sol ution
of VA- 044ofVAaaideaddIdleAﬁaslﬂcmirsrm9(Bg)bﬂH4% SolutiorsdfM 1044 igiatided1 QRO cc/ mi n. of

nitrogen. After 30, tes, p ITEI‘I |on be and the sol ution becones
vi scous. @“‘ECWPE‘P‘L‘]"'?F?@IH?% ’}kgmﬂfs'ﬁ RFFWEFd 0.30 g of a

4% sol utlﬁﬁu@ime\d/&t%éer’@ TRRSLItirf é}msb&biaﬁh&@ﬂoem&d sébs/ig?é!* ution of
VA-044 i s added. After hours 1.720 4% sol ution 26 WO 01118064

PCT/ US00/ 3650xps. Te tlwmltmg.dsqumaolmléuaddpdmf@@um@uljataan@ 89 sol uti on
of VA Q44, ﬂnﬁmﬁﬂﬂﬁsﬁlf 1 ¢he feﬁ‘tﬁﬁﬁw T dfsﬂgl%foﬂ H&‘.@L %%@sﬁé hours,

during which tine t eterrperat |nta|ne eresulting
pol ymer depspepHiob#.Ohausi contBing d5oiof b 3/7icopaipnenyof wwlam&crxhs acidwithhe

resul ting S d . ' sulfate and 4 g of 5
anmoni um 5% ?%esg 1%1‘(’3'&?'3!35& 'r%gd"g’gﬂ“% 5‘%"2; gi@ﬁgﬂ&ﬁas a Brookfield .
vi scosi t yEedmi®36 cps, a pHof 7.0, and contains 15% of a 93/7 copol yner of
acryl am de/ acryl i id with a reduce eci fic viscosi of ,21.1 dl /gm at
0 0amot n 1 o Yo 0 A Teshinaiesr cahPRe Gt SBRE afertid Skl 804 ¥ pped
Wldfj hdsg g(r) af70;ledtcﬁﬁ&h§f 2 ahmaae@M7Qbf@?Lof:l@adva¥muB¢goﬂ&dml f ulfelte L s]§>r is
adde g .0 i 0 of _s su go

amoni um ¥aMPRpE su%atgglé %@W&Mgﬁsef aig‘yg%fw“ad%‘sf@dwm ion of a
77123 W VeopoRmidk f@EylRfacRIAMPS l\ml(s@@mbam tidh Of dczylamie a 49. 4%
sol ution oo acryl am de o (185. 8 52 of acryli cuam déé}:’LS 60 g of 50%

sodi um hyﬂlséﬁ?ﬂ 14dﬁ8°§a€3h‘§f°!ﬁ’l AfSQ"'ﬁé"‘WM‘Yﬁf@ﬂFl§an¢|@-é¥§Gfto 35 C and
0.30 g ofg A‘Vqﬁehﬁtyﬁ@s%te%%‘bmM%&Ofa@/gsﬁmﬁnr&w wigré&hutlon I s

sparged w t 1000 cc nitrogen ter m nut es meri zation
begi n$5 an@he sesulting sghition isspargedwithy 1 nin,/ffmitrogen. nlier $0 mmvetem xture is a

1 B Aleghe U eSSl S i depiethn N 17 5
a 4% sol umllbﬂdlspersﬂh &n4.30sg of a 4% solution of VA-044 is added. After 3.5 hours, 0.30 g
 of a 4% solution of VA-044 is added. After 5 hours, 1.2 g of a 4% solution of VA-044 is
added. After B hours, 2.9 g of a 4% solution of VA-044 is added. The reaction is
20  continued for a total of 16 hours at 34-36 °C. To the resulting dispersion polymer is added
12 g of sodium sulfate and 8 g of ammonium sulfate. The resuiting polymer dispersion has
a Brookfield viscosity of 3000 cps, a pH of 7.0, and contains 20% of a 93/7 copolymer of
acrylamide/acrylic acid with a reduced specific viscosity of 17.6 di/gm at 0.045% in 1.0 N
NaNO;s. '
25
Example 27 _ _
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water
cooled condenser is added 441.6 g of deionized water, 126 g of sodium sulfate, 84 g of
ammonium sulfate, 0.40 g of sodium formate, 40 g of a 15% solution of a 60/40 w/w
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"added. After 8 hours, 2.9 g of a 4% sol ution of VA-044 is added. The
reaction is 20 continued for a total of 16 hours at 34-36 _T. To the

resul ti ng dV@SEI®$4n pol ymer is added 12 g of sodium sul PGVUSEMNT2E o of

-amoni um sul fate. The resulting pol yner dispersion has a Brookfield
viscosity of 3000 cps, a pHof 7.0, and contains 20% of a 93/7 copol ymer of
acryl amde/acrylic acid with a reduced specific viscosity of 17.6 dl/gm at

0.045%in 1 dgwgg#‘%m&'] o 3851 qui pped
Wi th sti rre“Fo o%n%re contr Jpa@mgé?#diﬁ/g ﬁé‘f)hn‘leense@ﬁcllésa added
441.6 g of @@a9. &ﬁg)zéﬁl%bﬁacrylmzsldglbﬁosoﬂf%ﬂshﬂmw@Oﬂéﬂ’loéotﬁ‘OfSMm um
W0 01/ 1hooAoRufl BafbF% s SERDTACTRT wiire el of Sl gL R sttt 1 v 27
282.12 g ofoﬂm-wwad&ed)ﬂ‘hei'esmghdmdﬂss;(ai@ﬂuaﬁl@))()cdlﬁnﬁbfgtrogenacr ylic
acid, 12,50 00/ sodi um hydf oxi de, g of and 0. 25
oot D Al Yviiniies BpimRARGn brnesd giesnfindh Sepof ety st RBET B o

VA-044 is aﬁdﬁ&nﬁhea ﬁxﬂﬁylhf%ﬂ)di‘ﬂoﬁﬂidtﬂ 3008l0f a4% saﬁmtbmA.Mﬁaedﬁcmem of
nitrogen. 5 After 30 m nutes poI merization begins and t gqiltjon

becomes vi shew0-30:8 pfa 4% selgtionsof VA044 jsiadded. Afjes 4 howrs 120 g §ﬁe’? Wimand 0. 30
g of a 4% S“VAJO%IS%déAAM&S%Oﬁ‘ng difald0f s&uﬁoﬁ@f'@-&ﬁi@ aBded! The 4%

solution of VA-044 is added. After hours 1.20 g of a 4% sol ution of

VA- 044 i s artaetign iygontinued for ateial ef 19, mrsg\t 3)4-36104(%19 sAsulting polymes dispgzsion s
added. e e The
resul ti ?1-(8 po symerg)lgl‘hsdp‘gr?cs%|§i§'tdf?8&ﬂgI To roo%??ﬂn Q%sp\é/:l@ lso(lizl U{y?ly& E)sfaaé%o Cf[‘:)S

t he resul t i segiwh syifetesandd gp@hmmmm%eahﬁregﬂtﬁg palypuérdispersiondesa and 4 g of

ammoni um suLfate...The r j I

Vi scosity o ro %@ﬂd gt oﬁét,?ggioé?lg%?’gg.%' n%m%sq 5?"?@*‘399 ’ﬂ@%&'ﬁ‘gm ymer
of acryl amocilydamideftrylic acd ditwhtdsduaecrspehiﬁeﬁs@pqcoﬁzw dligacar0.048%ah 1DNS5 dl / gm
at 0.045% |ﬂa§o§) N NaNGC3. 15 Exanpl e 28

15

Example 28
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 360.9 g of deionized water, 114 g of sodium sulfate, 76 g of
ammonium sulfate, 0.53 g of sodium formate, 40 g of a 15% solution of a 60/40 w/w

20 copolymer of acrylic acid/AMPS (Example 6), 376.15 g of a 49.4% solution of acrylamide
(185.82 g), 14.18 g of acrylic acid, 15.45 g of 50% sodium hydroxide and 0.33 g of EDTA.
The mixture is heated to 35 °C and 0.30 g of a 2% solution of VA-044 is added. The
resulting solution is sparged with 1000 cc/min. of nitrogen. After 60 minutes,
polymerization begins and the solution becomes viscous. After 3 hours, the mixture is a

25 milky dispersion and 0.60 g of a 2% solution of VA-044 is added. Afier 4.5 hours, 1.2 g of
a 2% solution of VA-044 is added. After 6.5 hours, 2.9 g of a 2% solution of VA-044 is
added. The reaction is continued for a total of 16 hours at 34-36 °C. To the resulting
dispersion polymer is added 12 g of sodium sulfate and 8 g of ammonium sulfate. The
resulting polymer dispersion has a Brookfield viscosity of 1250 cps, a pH of 7.0, and
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To a 1.5-liter resin reactor equipped with stirrer, tenperature controller, '
and water _ cqooled condenser is -added 360.9 g of deionized water, 114 g of
sodi um suMa11a8064 g g of ammonium sul fate, 0.53 g of sod@cCumsésorate, 40 g -
of a 15% solution of a 60/40 w w 20 copol ynmer of acrylic acid/ AMPS ( Exanpl e -
6), 376.15 g of a 49.4% solution of acrylamde (185.82 g), 14.18 g of
acrylic acid, 15.45 g of 50% sodi um hydroxi de and 0.33 g of EDTA. The

m xture i gpgat % so] ution .of VA-044 is added. -
The resultlng @%%ﬁ%ﬁ’&sﬁ@%‘ﬁﬁf}g’%ﬁﬁ%ﬁ&ﬂ? ?ﬂ%‘."%?ceﬂisl’?cﬁifen. After 60
m nut es, viswsinesi i8Zadlignnat!045%sin 100N NaNOsiol uti on bécones vi scous. After 3
hours, the mxture is a 25 m|Kky dispersion and 0.60 g of a 2% sol uti on of
VA-044 is added. After 4.5 hours, 1.2 g of a 2% solution of VA-044 is
added. AfEsampfe Z® hours, 2.9 g of a 2% solution of VA-044 is added. The

d for a total, of 16 hours at 34-36 C. To the resulting

reactipn is cqnti 6 h

di sperii on po?‘i}ﬁeﬂy’ﬁyﬁﬂ’e‘awegmw&@isﬂﬁﬁ%Eﬁmmlfaﬁ@ﬂt@"g‘,@ﬁ%ﬂbni um

sul fate. cbdRd of Ciidbriser s aBddW3B.59 B oBBdéntiedRvallas ' ig5ggosi ty of
1250 cps, a pH of 7.0, and 28 00 ot iertclualldoNd ARG Q000 LY O 4

93/ 7 copdAmmenium pulfats, 189 & of spdiwm formateo6Q giofig 10% solutisaof e 406P AW T i C _
i i 023 4R 00 | _ T
1 3005 oyl S iy 728 s SR OB R o

1.5-liter resin reactor e(i_wpp th”stiry
wat er  cdd¥% B 1:6hg efareyliciasidatic:glofi$0% Seliun bydroddoand0as gaflBDTA.120 ¢

of . Hoos e tiftureiCnghn o 33U 030 & b2 B Senphont o ¥ s RS TGS Exampl &
7), I282 ]rgsfuymafSolmiaQislsparsed\uiﬂi mowmpyhm d'dle%ﬁei:wnﬁﬁn@]z , E%)'(I)'A6418 _(I)_1;1

. . 9 r - . e
ot ur o obfherifahioh beeih arpf Y46 SO Becihich Vitans, RBer Gl Bommome i < aaded,

The resulmilkyglispeisioniand 0138 gifa Atesdhitioh bf VAQA4 Gddded) - Afdr 405tHoRE 0130 Af ter 30

m nut es, ol izati in nd_ the sol ution becomes viscous. After
3.25 hourgsof%at“yr{gg’ tB?P&f%’Q&qéa‘?ﬂe&kgﬁEﬁ%Msohzm ad¥gwluion pf ¥A494 sol uti on
of VAS04444 55 addell> A frefbI 78 hodrs 200 BOFK £% sOlufdbh of2 Pazébidt RS QlnikilyiheOf VA-044 i's
added. Af.t%r 5. 2‘5'h03i515 sz .of a 4% solution of VA 15 044 is added.

Af ter Pi5fpuiding) dihydrgehlorideqgs added, Theeastionispontinued fos argtatof 46 net hy| ene

hours at 34-36 °C. To the resulting dispersion polymer is added 12 g of sodium sulfate and
8 g of ammonium sulfate. The resulting polymer dispersion has a Brookfield viscosity of
1250 cps, a pH of 7.0, and contains 15% of a 93/7 copolymer of acrylamide/acrylic acid

20  with a reduced specific viécosity 0f 16.0 d/gm at 0.045% in 1.0 N NaNOs. The dispersion
remains stable for 4 days after which time it becomes a gelled mass.

=
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i sobutryram dine) dihydrochloride is added. The reaction is continued for a
total of 16 hours at 34-36 C. To the resulting dispersion polyner is added
12 g of sodV@QM/BM4 ate and 8 g of ammonium sul fate. The ?‘5‘5’9?“%’(‘?7&1 pol yner
- di spersion has a Brookfield viscosity of 1250 cps, a pH of 7.0, and
contains 15% of a 9317 copol ynmer of acrylamde/acrylic acid 20 with a
reduced specific viscosity of 16.0 dl/gmat 0.045%in 1.0 N NaNG3. The

di spersion rensy : ,eggye |t cares a gel | ed
mass. 29 WO 01%2’5@}5@% ﬁs‘%%aliécfg%yﬁq}%&g? 0 er???eﬁsﬂaﬁlisﬁgggi sper si on

pol yner s prsupemazided in Tablel es 18-29 are summarized in Table 2. Table 2

Di spersions of Low Charge Polyners with o AA/ AMPS Stabilizers 5

Exanpl e Di spersion Dispersion Stabilizer "Brookfield RSV @ AM AA
Concentrati on AA/ AVPEspefisionoef iow ChétgSPolymers with XA ot A ASMPS SBilizer20 100/ 0
10355 17,4 20 93/7 15 87/13 1200 23.1 19 93/7 20 87/13 790a 17.1 21 93/7
15 97/331335a 22.2 * 22 93/7 20 97/3 1275a 18.8 23 93/7 15 93/7 710 23.2

24 93/ 7 20[ Bep1d X Dipetsiors | Dilperidn’ 15| Sebifize: 25| Brbolfield6 PREV G0 77) 23
30008 17.6| 27 93/[7. 15 60/ 40 1062.5 20,5 28 93/[7 20 60/ 40| 12502 18.8 29
93/ 7 15 40f 60 12508AMAY  4\Conpanyatien o AAAMPEal | Visepsity ed. | 0.045%
wt/wt ' wi/iwt cps

18 93/7 20 100/0 1035° 174

20 9377 s 87/13 1200 231

19 03/7 20 87/13 790° 17.1

21 9377 1 9773 1335° 22

22 0377 20 9773 1275 18.8

23 9377 15 93T 710 232

24 9377 20 93/7 2200° 183

25 9377 15 77123 825 211

26 93/7 20 TIR3 | 3000° 17.6

27 9317 15 60/40 10625 | 205

28 |93/ 20 60/40 1250° 183

29 | 9377 15 40760 1250° 16.0

a) Dispersion eventually gelled.

METHACRYLIC ACID / 2-ACRYLAMIDO-2-METHYL-1-PROPANESULFONIC
ACID COPOLYMER STABILIZERS
10
Example 30 ,
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water
cooled condenser is added 945.59 g of deionized water, 141.96 g of a 58% solution of the
sodium salt of 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS), 126.18 g of 99%
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METHACRYLI C ACI D / 2- ACRYLAM DO 2-METHYL-1 PROPANESULFONI C ACI D

COPOLYI VI ERorisdR LI ZERS 10 Exanple 30 To a 1.5-liter r?&.ﬁn r equi pped
with stirrer, tenperature controller, and water coole coné(’?gl?lés\’%r i s added

945.59 g of deionized water, 141.96 g of a 58% solution of the sodiumsalt®
of 2-acryl am do-2-net hyl -| - propanesul fonic acid (AMPS), 126.18 g of 99% 30
WO 01/ 18064 PCT/ US00/ 40721 nethacrylic acid, 114.9 g of a 50% sol uti on of
sodi um hyslethadrglic dcjiti174.9) ofin 60% sélitigh offsodihidroXide (pHesn0)ahd0.26 gloBt i on i s

sparged w 1,000 cc/mn..of. nitrogen, heated to.45 C._and 0,50 g of

o a00 e acibA 2B treiiing tinich in Sateed Wb 0T HS Siiromen hedeata 45 o0 i nut es
t he sol utind.J0RESTTES0iY haded PoRridrizaiion bemavitiin | $mitfutdsfid 4RA6D hffltds Ses to
50 C. The 5 reaction is continued for a total of 72 hours at 48-52s C. The

r esul t i ngthpeaiytiaabesornes vissaus nd shefempesgieiof the reactiemuses yo W °G MO cps at 25 C
and cont al.ns: .4 5% , I thacrylic
aci o ApaTacto ﬁEa&r?ﬁ{;%tfég?ﬁrsgﬁéé\il?@g\gigﬁs#%é%fbé ei‘ﬂﬁrsf‘gﬁ%@#’ﬁ'ﬁ%%‘%@r NaNCB. 10
Exanpl e 3ias ¥Bropkfick-viscpsity af 63300 opeat @55 and adnspingll S ofe 62.5/87.8 /Wt enper at ur e

control l : th%ﬁ@ GO ﬁfﬂj ' E?Q i oni zed
water, 6 .%ag 0 éﬁggyo soﬁtﬂ}ag&ﬂgg&? e s:%@?%%qsa i Voflos'%y%h'%

2- acr yl andigor-ig 1 Patdlyt NaNQ@s.opanesul fonic acid (AMPS), 159.42 g of 99%
met hacrylic acid, 146.0 g of a 50% sol uti on of sodi um hydroxi de (pH=7.0)

and 0.20 g of 15 EDTA. The resulting solution is sparged with 1000 cc/mn.
of nilorow ed to 45 C and 0.50 g of V-50is added. Polynerization

begins within } inFgbt vith Shifhet o) nes
vi scous and t gégtlrégngte%gﬁgl&r e o‘?fe{lﬁgperﬁggtgt [ On,fe%;giaﬂ:?%&g#d%r, &F%Z&Sr?eact ion is
cont i nuectobled contierrsrisadded 969.93 2 of deitirized veatert 6630 grofa 8% salgtianioftheheat ed t o

) A
79/ 21 w vindRxorylio abiiM46.0cg pitd 5098 solutfon ok sddium hydroxide (pil=A0Pahdd.20gefh i ntrinsic
visc OISSi ' &lﬁjltA.ST}QJregull{i&ns]oiurt]i:o% isosparg'%lecifjl With 1000 co/min. of nitrogen, heated to 45 °C

and 0.50 g of V-50is added. Polymerization begins within 15 minutes and after 30

minutes, the solution becomes viscous and the temperature of the reaction rises to 50 °C.

The reaction is continued fdr 24 hours at 48-52 °C. The reaction mixture is then heated to

80 °C and maintained at 78-82 °C for 24 hours. The resulting polymer solution has a |

20 | Brookfield viscosity of 2_4375 cps at 25 °C and contains 15% of a 79/21 wiw (90/10 M/M)
copolymer of methacrylic a¢id/AMPS with an intrinsic viscosity of 3.07 dl/gm in 1.0 molar
NaNOs.

Example 32
25 To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 954.31 g of deionized water, 41.72 g of a 58% solution of the
sodium salt of 2-acrylamido—2-methyl-l-propanesulfonic acid (AMPS), 176.12 g of 99%
methacrylic acid, 160.48 g of a 50% solution of sodium hydroxide (pH=7.0) and 0.20 g of
EDTA. The resulting solution is sparged with 1000 cc/min. of nitrogen, heated td 45°C

30 and 0.50 g of V-50is added. Polymerization begins within 15 minutes and after 60
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"NaNG8. Exanple 32 25 To a 1.5-liter resin reactor equi pped with stirrer,
tenperature_controller, and water' cool ed condenser is ad 1 g of
dei oni zed WAPIVI8EY 75 o of a 58% sol ution of the sodi ungg‘gmg?@@

- 2-acryl ami do- 2- net hyl - | - propanesul fonic acid (AMPS), 176.12 g of 99%

met hacrylic acid, 160.48 g of a 50% sol uti on of sodi um hydroxi de (pH=7.0)
and 0.20 g of EDTA. The resulting solution is sparged with 1000 cc/mn. of
ni trogen, heghad i sditién be”eemamso@ué&d&h% }!aﬁﬁkééﬁﬁ@%ﬁkuoﬁ?iséé% 5p2@Lion
begins within 15 mnutes and after WO 01/ 18064 PCr/USOO 40721 i
m nutes, t h@hsactionds comtipuedfor 46 Mﬁ%ﬁa °€hdhe weagsionamintues i then heatedtact i on

rises to 50 o gﬁﬂg ﬁ”q The
reaction mXx u?g;[?g‘a en gﬁ? %((f;?&tz%g&%g *%‘ﬁé?‘ﬁ@g ts?lﬂs%‘ﬁéa} Cfor 24
hours. The Bamklﬁbldngscpsitwaéfiomcdpﬂauﬁrmmﬂcmtm& bmbfaiwllllwbn@ﬁt()ﬁ of 37000
cps at 2 tai 15% of. an,39/ w 05 5 ner

net hacry |c {hsg Ve o F‘ﬁf‘?’?‘%ﬁ%%&\ Vf’scg%ggfacsﬂ%%ﬂn 1. 0

nol ar NaNCBld:'n(amhsNegs To a 1.5-liter resin reactor equipped with stirrer,
tenperature controller, and water 10 cool ed condenser is added 939.21 g of

dei oni zed water, 191.92 g of a 58%solution of the sodiumsalt of
2-acryl am d@mmﬁﬁyl -| - propanesul fonic acid (AMPS), 99.5 g of 99%

met hacrylic acid S r RH=7. 0) and
0.20 g of EDTA TaRd: ik %mi%a?t%/ o %“ﬂ@sfé%%ﬁ‘%g’a%%&fﬁsfbgt%' n. of
ni'trogernf heasledlcandenker 1€addedc939125@ ofideidnizédvahtes, ARG odeBleuumbftha beg| ns
wWithin 15 mn tes an afte ut es ol ut i becone | scous and
t he terrperats um it cﬁ%ﬁmft%lég‘p?ga@ﬁm%m %P@%tﬁoﬁg égg\é)f)nti nued
for 18 hour meﬂiacﬁﬁc%d'DZ OT@&JED@édlﬂﬁnWﬁ&Mhy&oilh@])Hiﬂimﬁﬁh020g8f‘) C and

mai nt ai ned for 24 hours. The result)ng polynmer_ solutiogn has a
Br ookfi el d ﬁw%ﬂmmﬁzbe%ﬁgpa&s%ﬂd%@ﬁ& eamojrl@g%%%q 19430¢51 ww

(70/30 MM and 0.50 g of V-50is added. Polymerization begins within 15 minutes and after 60

15 minutes, the solution becomes viscous and the temperature of the reaction rises to 50 °C.

The reaction is continued for 18 hours at 48-52 °C. The reaction mixture is then heated to

80 °C and maintained at 78-82 °C for 24 hours. The resulting polymer solution has a

Brookfield viscosity of 43200 cps at 25 °C and contains 15% of a 49/51 w/w (70/30 M/M)

copolymer of methacrylic acid/AMPS with an intrinsic viscosity 0f 4.28 dl/gm in 1.0 molar
20 NaNOs.

Example 34
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 950.75 g of deionized water, 232.87 g of a 58% solution of the
25  sodium salt of 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS), 77.61 g of 99%
methacrylic acid, 71.4 g of a 50% solution of sodium hydroxide (pH=7.0) and 0.20 g of
EDTA. The resulting solution is sparged with 1000 cc/min. of nitrogen, heated to 45°C
and 0.50 g of V-50is added. Polymerization begins within 15 minutes and after 60
minutes, the solution becomes viscous and the temperature of the reaction rises to 50 °C. |

30 The reaction is continued for 19 hours at 48-52 °C. The reaction mixture is then heated to
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copol ymer of nethacrylic acid/AMPS with an intrinsic viscosity of 4.28
dl/gmin %H?@Iﬂar 20 NaNCB3. Exanple 34 To a 1.5-liter_resin reactor

equi pped t rrer, tenperature controller, and wat eFCTHYBMAR! condenser

i s added 950.75 g of dei oni zed wat er, 232.87 g of a 58% solution of the 25
sodium salt of 2-acrylam do-2-nethyl-1 propanesul fonic acid (AWS), 77.61 g
of 99% net hacrylic acid, 71.4 g of a 50% sol ution of sodi um hydroxi de

(pH=7.0) aoelcen&ﬁamtamedamm °dﬂ>ez4nau£tmge§:ﬁidgtpo%et§olﬁmmd with 1000
cc/mn. of nitrogen, heated to 45 ?/ of V-50i s added.
¢t

‘Pol yner i z&?%egggﬁc?%w\&fﬁ?ﬁoﬂ °R"5atr¥i5n9ta§§°%‘ﬂ!n of 2618.4/61 .6 Y% £60/4hhe sol uti on
becomes vivie)apdiilr dfmelkERIS AAUARTS wilhh FERGE V3 i 30 The
reaction i él%l nued for &Bﬁ%ours at “4’38_- 52l %ﬂ e@orsfetg§§l§(5)?lﬁll ure is then
heat ed t 01.03wolaadNadN(:18064 PCC/ US00/ 40721 80 C and mai ntained at 78-82 C
for 24shours.. The resulting polyner solution has a - Brookfield viscosity
of 32500 cps at _25 C aind contains 15%of.a 38.4/61.6 ww (60/40 MM

copol ymr%ﬁ%aoryl ic acid/AMPS with an intrinsic viscosity of 3.59
di/gmin 1.0 WMISJ{}&'}Q%mW b@déﬁ.&&eﬁt&np‘er %Fmtfcﬁﬁl"ﬂn @At OF
equi pped with stirrer, erature controller wat er cool ed condenser

i s added o®ledpondensgr l-‘iﬁﬁd@h SR gpfidsionizedwater; 267. 67 g of £88% solution of theof t he
sodi um sa V. %9@ S), 59.34 ¢
of 99% 10%?%acrd??l C "acl g&2@&@ﬁfr%4an9s5§g@}' Fk [ osf Sgghgé’?ﬁanfhydr oxi de_
(pH=71@) mnﬁlaﬂyli’@aogl 6#.23 o #\50% Iselutiersofl spdimg hgdtloutde @H#'EO)sapdﬂgeg ofi th 1000
cc/ mn. | tr f., V-5 d
Pol yneri z | oh Tg'gg%lﬁlgggn??lﬁ%n lg?%?ﬁegm gggnd}? m%?gen g &ducne sol ution
becomes vamidnilsg aﬁM-SOis«addedrrﬁelyaienzaﬁombeglmmu mdnutatslanesﬁérGOSS C. The
reaction |s nyed for hour s reaction mxture is then
heat ed t o™ 8" ‘Fﬂ? r?&?%'aeél"ﬁg‘&“sat‘&?‘g%%‘?"@% P';ﬁr??f)'iﬁ?"s’ eﬁ'ﬁ’egg g%ul ting
pol ymer  sThdiehdtion icontinueBfor@Hioutslatl48:53 M STHetetioB hbilke dd théPhdatedds! cont ai ns
0

15% Of a 8209°C4 én?:long WAL tained §t 7% 8% °C|\i/{>M4 hours. The resulting polymer solution has a

Brookfield viscosity of 31750 at 25 °C and contains 15% of a 29.4/70.6 w/w (50/50 M/M)

copolymer of methacrylic acid/AMPS with an intrinsic viscosity of 3.63 dl/gm in 1.0 molar

NaNO;.

20 Example 36
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 951.77 g of deionized water, 267.07 g of a 58% solution of the
sodium salt of 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS), 59.34 g of 99%
methacrylic acid, 54.45 g of a 50% solution.of sodium hydroxide (pH=7.0) and 0.20 g of
25 EDTA. The resulting solution is sparged with 1000 cc/min. of nitrogen, heated to 45 °C
and 0.50 g of V-50is added. Polymerization begins within 15 minutes and after 60
minutes, the solution becomes viscous and the temperature of the reaction rises to 55 °C.
The reaction is continued for 26 hours at 53-57 °C. The resulting polymer solution has a
Brookfield viscosity of 15100 at 25 °C and contains 15% of a 29.4/70.6 w/w (50/50 M/M)
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" copol yner of nethacrylic acid/ AMPS with an intrinsic viscosity of 3.63
dil/gmin 1.0 nolar NaNG3. 20 Exanple 36 To a 1.5-liter resin reactor
equi pped wWMOE8964r er, tenperature controller, and wat er PCIBS0EH-ondenser
- is added 951.77 g of deionized water, 267.07 g of a 58% solution of the
sodium salt of 2-acrylam do-2-nethyl-1 propanesul fonic acid (AWS), 59.34 ¢
of 99% nethacrylic acid, 54.45 g of a 50% sol uti on of sodi um hydroxi de

(8o B o e S A S B ot P 200

Pol ymeri zaiNabD;pegi ns within 15 mnutes and after 60 - m nutes, the solution
becones viscous and the tenperature of the reaction rises to 55 C.  The
reaction is continued for 26 hours at 53-57 C. The resulting pol yner

sol uti on h¥xampleBFookfi el d viscosity of 15100 at 25 C and contains 15% of a

29.4/70.6 W w (50/ M. .33 01118064, PCTI U 7 0 r_of

nmet hacr >5/I I C aci( P &@%%W‘ﬁgéﬁfvgﬁﬁﬁ@%?g l\l}isg%%rsfgg' %%8”%&%8@% %’Fﬁnrq?aﬁerl. 0

m)! ar  NaNcBoledzandprser is ddded P52.32 g obddiorired water] m&%ag:dfwssmmlmbﬁdf thiet h

952 52 4 oFon Sl SkrpEi HubtEh - grogmenisni wif BN EEE o098 um sal ¢
of 2-acryl aedfieryBic aE1H 8990 g ¢T2B089 dhitioh OPsodiide hlir6:AMPEH=7H$artb0.20 ft)ngg%o)

met hacryl i c_aci g of a, 50% SOI@'{ ion o odi um hydr oxj de

39.90 . -
and 0.20 gENTA.gibeges splution isispRjeebvith 140 °F}§m§ megetbeiediodd ec/ i n. of
Nitrogqy, BREH.SH glofVvA50iSadddd Fulpnizatbortbegins Witk B BfdRdand ey 6 | zat i on

begins within 15 m nutes and after 60 m nutes, the solution becones viscous
and the t emjioytes, thesolytion breomesvisqounand thetemperatime of the reagtiongisestp 48 °Cs

ti q - ) R ST
B ookt | ol o "o b banbod s M holys o 35.57 08 'rhé Rl YilpneciBlibh B 3% 2
(40/ 60 M MBroakdiglel Wiseesityadf 942Q #1356 PGland contdiny VIVPSS aR L. T7&3 wiw (40/66MMY i scosi ty
of 2.88 dl} c%@lﬂqﬂerjof%eﬁ}%lﬁfic a&é’m Rﬁ%lsx% vi%s%osity 0f2.88 di/gm in 1.0 molar

15 'NaNOs.

Example 38 .
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water
cooled condenser is added 953.05 g of deionized water, 320.94 g of a 58% solution of the
20  sodium salt of 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS), 30.56 g of 99%
methacrylic acid, 28.18 g of a 50% solution of sodium hydroxide (pH=7.0) and 0.20 g of
EDTA. The resulting solution is sparged with 1000 cc/min. of nitrogen, heated to 45 °C
and 0.50 g of V-50is added. Polymerization begins within 15 minutes and after 60
minutes, the solution becomes viscous and the temperature of the reaction rises to 55 °C.
25  The reaction is continued for 26 hours, during which time the temperature is maintained at
53-57 °C. The resulting polymer solution has a Brookfield viscosity of 6470 at 25 °C and
contains 15% of a 15.3/84.7 w/w (30/70 M/M) copolymer of methacrylic acid/AMPS with
an intrinsic viscosity of 2.54 dl/gm in 1.0 molar NaNOs.
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To a 1.5-liter resin reactor equi'pped with stirrer, tenperature controller,

and wat er wofdiakggl condenser is added 953. 05 g of deioni 320.94 ¢
of a 58% solution of the 20 sodiumsalt of 2-acrylam dg-eglpm}“ﬁilzil-l

propanesul fonic acid (AMPS), 30.56 g of 99% nethacrylic acid, 28.18 g of a -

50% sol uti on of sodium hydroxide (pH=7.0) and 0.20 g of EDTA. The
resulting solution is sparged with 1000 cc/mn. of nitrogen, heated to 45 C
and 0.50 g of V-50is added. Polynerization begins within 15 m nutes and
after 60 Exammpl¢e3%, the sol ution becones viscous and the tenperature of the
reaction risesTto |

. C._ 2 o i i nued f 6 h duri |
hhch Uit ned RS repfirend dqfippéd Vil sokeef VhpeRHEE cbfrpifep sl gt 01 19

sol g; i8 on mdacoﬁgn@ééﬁd aelded 9ssss7f§d>ﬂdgioa]{ze&ﬁxﬁr, auz.ls?ssg 6}"@583? sé‘-lﬁﬁsl&rﬁdﬂ‘ﬂl% 15% of a
15. 4.7 ww .,CQPO r of nethacrylic-acid AVPS w t an
intrindi cs%g%gfi‘iqf '%%%‘é%gm%rm%“?ﬁ“ Io pAREAMES), 39 %06 89% 5064

PCT/ USOO' diehadrylidachi)#y.20 8 9f 4 50% sdluflorl bfis6diuth B§iroxide -1, 0)288 02D R Wi t h
stirrer, temperature controller, and water cooled condenser is added

953. 67 g EPTAciTharesultingealution issparged withdP0Qcoiain, afstitegenshegted tads °G sodi um
salt of Z;aqy Q0 aidlih Ryl | 64 dl 'gﬁﬁ/g’@r, 19.03 g of 99%
nmet hacrylic é%:di. , ﬁ??lﬁgg%tib?blghw%'sggpfﬁ?#o‘%ﬂgﬁ# P%@Eu%% y ro>‘<‘|5de (pH=7. 0)
and 0. 20 minyfes, tEpsotutionthecames wiscousgnd the tenpsratureg of the regetioniiseh tol3BXC. cc/ mi n.  of

ni t rogen, 0. 45 30 <51 <06 LSie: ?ﬁgc R ' i on begins
W t hi ?15“%61%% esisé:ﬁﬁ&él??gdr}%grs%%%?gsqvp%%%gﬁﬂ l.on 5%%%%@?%00% and
t he t enpeftaiand meintained atd&82i°Crfor 2(temrst The Ss@lting Pol¥iner sobriohhesr i s cont i nued
for 6 houts 3-57. T ' i 1 X1 kS h - 80 C and
mai nt ai neg ° ?ﬁe}g‘f’é‘?s'&' ?%éligg'ﬁ{ﬁgﬁ%nfa%m? ggs?ﬁf)#? %y%& vf%ﬁﬁégm)on has a
Br ookf i el ebpulymepsf mathaetylis htid/ANIPS With an imrimsitntistosity of2%3afl/gm i 14/iBdlar6 W w
(20/80 M copol yner of nethacrylic acid/AMPS with an intrinsic viscosity

of 2.53 ¥in 1.0 nolar NaNG3. 15 Exanple 40 To a 1.5-liter resin
reactt¥ equi pped with stirrer, tenperature controller, and water

Example 40
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 954.06 g of deionized water, 361.44 g of a 58% solution of the
sodium salt of 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS), 8.92 g of 99%

20 methacrylié acid, 8.20 gof ﬁ 50% solution of sodium hydroxide (pH=7.0) and 0.20 gof
EDTA. The resulting solution is sparged with 1000 cc/min of riitrogen, heated to 45°C and

0.50 g of V-50is added. Polymérization begins within 15 minutes and after 60 minutes, the
solution becomes viscous and the temperature of the reaction rises to 55 °C. The reaction
is continued for 37 hours. at 51-57 °C. The resulting polymer solution has a Brookfield

25  viscosity of 41000 at 25 °C and contains 15% of a 4.5/95.5 w/w (10/90 M/M) copolymer
of methacrylic acid/AMPS with an intrinsic viscosity of2.38 dl/gm in. 1.0 molar NaNO;.

Example 41
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

30 cooled condenser is added 1799.3 g of deionized water, 200.00 g of methacrylic acid,
35

EIEII*



"cool ed condenser is added 954.06 g of deionized water, 361.44 g of a 58%
sol ution ofthe sodiumsalt of 2-acrylam do-2-methyl - 1 propanesul fonic acid
(AVPS), 8. 9YOPLE4H90, 20 nethacrylic acid, 8.20 g of a S0PFTUSHWAIBA of
-sodi um hydroxi de (pH=7.0) and 0.20 g of EDTA. The resulting solution is
sparged with 1000 cc/mn of nitrogen, heated to 45C and 0.50 g of V-50is
added. Pol ynerization begins within 15 mnutes and after 60 m nutes, the
sol ution be Tah C to 55 C
The reactiorf i$ \cég%tﬁ'?ggegﬁ? %Eﬁé%ﬁéggﬁﬁ@ofqgé ifﬁg' lﬁdggg m:uflg?polyrrer
sol uti on hasitzeg®y, bedtdd tol7a °Q§nd/0$eas’f aqpbxsm,lﬂwemuhuopa@aﬂb)amwdmmbadm 15% of

a 4.5/95.5 ( oly”ne I|c aC|d/AI\/PS th an
intrinsic v%scgm &ﬁg?%%ggggﬂvm . ?loT“Bmﬁb'ﬁ'ﬁFo omes, . 'I'seanﬁnf'eTo a

1.5- Ilter r m'iperatwaofjﬁhe reaqwnmsedtg\mgt% smewaeﬁonfnh ecsmmd ﬁﬁiﬁi& etomafwiztlggr OOand
wat er con ser . i s adde of de i zed water g
of netha ryggcé}a ‘g'g’gé’fql 9&“ éﬂ%ﬁﬁﬁ&qwﬁqﬁmsﬁbgﬁgwa‘h $d 0. 20
g of El DTA. miifien e;sﬁulzs PO @ndEUnthisA0% @faswo%dmmob& yHePSF théthd¥tylic a6l withi t ' 0gen,
heated to 70 C and Q. 5Q g of azobi s&N N_ 2-am di nopropane) “di hydrochl ori de
is added. %}WM‘ES&E’?‘BWfBéSFHM M‘PP@G"%NQM‘@? efifed-sol uti on becones
viscous and the tenperature of the reaction rises to 79 C. The reaction is
continued for a taI of. 2 T ..The resul i r sol ution
(4418-017) has a ﬁ“\?mg fabilizees prepar ‘?g"g{"gﬁﬁéﬁﬁ&ﬁ@ at 25 C
and contai nm:ﬂ:ﬁ%zaﬂnﬁrammﬂ) honopol yner of nethacrylic acid with an
intrinsic viscosity of 2.45 dl/gmin i’fag nol ar NaNO3 -at a pH of 7.0. The
properties of the MAA/ AMPS stabili zer l(e ared in Exanpl es 30-41 are 10

summari zed in Table 3. Table 3 MAA/ AMPS Copol yner Stabilizers Exanple
Pol yner Polymer RSV IV VISC MAA/ AMPS MAA/ AMPS @. 0% dl /gm cp. w/w

mol / mol dl / gm MAA/AMPS Copolymer Stabilizers
Example Polymer Polymer RSV Iv VISC
MAA/AMPS | MAA/AMPS | @1.0% | dl/gm cp.
wt/wt mol/mol di/gm

30 62.5/37.5 80/20 8.20 4.26 61300
31 79721 90/10 5.45 3.07 24375
32 89/11 95/05 6.88 3.55 37000
33 49 /51 70/30 | 9.09 4.28 43200
34 38.4/61.6 60/40 6.81 3.59 32500
35 29.4/70.6 50/50 6.96 3.63 - 31750
36 29.4/70.6 50/50 5.06 3.10 15100
37 - 2L.7/783 40/60 4.27 2.88 9420
38 15.3/84.7 30/70 3.83 2.54 6470
39 9.4 /90.6 20/80 3.92 2.53 8150
40 4.5/95.5 10/90 3.62 2.38 41000
41 100/0 2.45 >2,000,001
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30 62.5/37.5 80/ 20 8.20 4.26 61300 31 79 / 21 90 / 10 5.45 3.07 24375

32 89 / é‘;vggﬁl}go 5 6.88 3.55 37000 33 49/ 51 70/ 30 8%9@%0%@6725343200 34

38. 4/ 61. 0 6.81 3.59 32500 35 29.4/70.6 50 1 50 31750 36
29.4/70.6 50 / 50 5.06 3.10 15100 37 21.7/78.3 40 / 60 4.27 2.88 9420 38 °
15.3/84.7 30 / 70 3.83 2.54 6470 39 9.4/90.6 20 / 80 3.92 2.53 8150 40
4.5/95.5 10 / 90 3.62 2.38 41000 41 100/0 2.45 >2,000,00 36 WO 01/18064

PGT/ USOO 40721  DISFERSIOMNPOLOYMERSSWITHT MAVAAMPSIABITARERS ZERS Exanpl e 42
To a 1.5-liter resin reactor equipped with stirrer, tenperature controller,
and water 5 cool ed condenser is added 443.42 g of deionized water, 126. g
of sodiug%égbkage, 84 g of ammonium sulfate, 0.40 g of sodiumformte, 40
g of a 15% solution of a 62.5/37.5 ww copolynmer of methacrylic acid/ AMPS

(Exanpl e 3..0) Tozdes-itgr pesigreagtar oquipped fidrstier, ismperature rontoller, antswetas g) |

10. 64 | I, 500 LU | . g of
EDTA. #hg&ﬁ?gt%’lrdg&legﬁﬁg%‘?ﬁsi&%%é’gﬁ%agﬁ “8‘.%0”5%&33“?&%3@?‘8’#‘9 of VA- 044
i s added.anioriume sulfate, 0.40 gpf sarlium farmates4dgpefiagkd®o salution 0§08 62587 Hwiw of

ni trogen.

Af.t er L.NUL.es,. [l zAat) LN t he .sol ution becones
Vi scous. cﬁ?l%?“f%grg@rag&’? %%“”M%@“‘.“E‘%?bﬁ%s@@baf%gg&é’i%ﬁ’“i%‘uo. 30 g of a
1% sol ut i aotylaniidé/339.36 g), 1064 gof acryiid aeid, 41.B guof $0%Godiimthydfoxida add 025g! ut i on of
VA-044 is d..After 5 hours, 1.2 1.%.s0l ut.i on A; O | s added.
Aror 6 EBRAA g Rl ls B35 oo 0 a0 e e 1A Spiokiofevh o inadded. o, 7 2
g of ® 15ThéYestlting kolotiornis spafgdddvith 1000 0¢iméh. offiitogena i fiePBO inutdnt | nued for a
Lo OF s Srgne il e iy beeomcs Yot et TG heRafidb T 1o added

milky dispersion and 0.30 g of a 1% solution of VA-044 is added. After 4 hours, 0.30 g of

a 1% solution of VA-044 is added. After 5 hours,1.2 g of a 1% solution of VA-044 is
added. After 6 hours, 2.9 g of a 1% solution of VA-044 is added. After 7 hours 5.0 gofa
15 1% solution of VA-044 is added. The reaction is continued for a total of 16 hours at 34-36
| °C.. To the resulting dispersion polymer is added 6 g of sodium sulfate and 4 g of
ammonium sulfate. The resulting polymer dispersion has a Brookfield viscosity of 825
cps, a pH of 7.0, and contains 15% of a 93/7 copolymer of acrylamide/acrylic acid with a
reduced specific viscosity of 22.9 dl/gm at 0.045% in 1.0 N NaNOs.
20
Example 43
* To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water
cooled condenser is added 362.0 g of deionized water, 114 g of sodium sulfate, 76 g of
ammonium sulfate, 0.53 g of sodium formate, 40 g of a 15% solution of a 62.5/37.5 w/w
25  copolymer of methacrylic acid)AMPS (Example 20), 374.8 g of a 49.6% solution of
acrylamide (185.82 g), 14.18 g of acrylic acid, 13.66 g of 50% sodium hydroxide and 0.33
g of EDTA. The mixture is heated to 35 °C and 0.30 g of a 1% solution of VA-044 is
added. The resulting solution is sparged with 1000 cc/min. of nitrogen. After 60 minutes,
polymerization begins and the solution becomes viscous. After 4.5 hours, the mixture is a
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“ammoni um sul fate. The resulting pol ymer di spersion has a Brookfield
viscosity of 825 cps, a pHof 7.0, and contains 15% of a 93/7 copol ymer of
acryl am de/ ¥YMP®4acid with a reduced specific viscosit FCHUSIPURIJ| / gm at
-0.045%in 1.0 N NaNG3. 20 Exanple 43 To a 1.5-liter resin reactor equi pped,
wWith stirrer, tenperature controller, and water cooled condenser is added
362.0 ¢ of dei oni zed water, 114 g of sodiumsulfate, 76 g of anmonium

sul f at e, e&%ﬁ f gr’@ta

w w 25 copol yrr%r(ﬁ%jp met g]gr:;;?l I C gﬁ'%&ﬁ?@ 4%%)458 Eg&n@ ag349 6%
sol ution of ofadscutionef VAS6445i8 added. Mm@sgom, laz:gyfa l%aclutiondfélmglsof 50%
sodi um hydro D ated tg. 35 C and 0. 30
g of a 1% sot &%Foﬁﬁ] gfqu}%%ﬁllgglgso g?aséo;wm?nnguéﬁl S‘stﬁﬁe {o03% “spar ged
with 1|000 codogunmedd‘(ir atotal afiSrhourdfat 84-36'C. hmOrtl:H ﬁmltrx]ng&ﬁkpéfﬂwﬂ polimhed s ddﬂﬁi ns and
t he sol ut ec VI SCOUS er 4.5 ho the mxture is,a 37 WO

01/ 18064 mﬁ%&s‘t‘fﬁgﬁﬁ‘?f 5 andS 8#%'}3%‘?%‘?’6&“ & Thesgsulfmgrpolymerisaereien B#F of
VA- 044 is addB@oki¥id ﬁ&co@:tﬁofﬂ]@bi?s,gpﬁ(bfg 0, &d o%né%sao%lﬁfla@s/ﬁo pHPmBAE | S
added. After 6.5 hours a l%solution of VA-044 is added Af ter

8.0 hours, 2¢¥ ﬁ“‘&?’a‘ayli%%‘f“%‘ﬂ 7 Buesd specifirvisqosity.Rfdad dV/gmeat 0048%iim h.OiN;
continued fogNpiotal of 16 hours at 34-36C. To the resulting dispersion
polymer is added 5 12 g of sodiumsulfate and 8 g of amroni um sul fate. The
resul ting polyner dispersion has a Brookfield viscosity of 2130 cps, a pH
of 7.0, gnd Mofel 45 20% of a 93/7 copol ymer of acryl ami de/acrylic acid

1111

with a reduce pecific viscosity of 22.8 dI/gmat 0.045%in 1.0 N NaNGB.
10 Exanpl e 44 To Ta all. Fliter resin reastar equippedtwith saqem, [emepeiTanire borstoller; arid water

e 2 ke MBS  ROERS B T o R . oMo o
of sodium f mnmm:mm aﬂfag, 0140 g of S84iwn forinia400 ofaa 15% golutivn'sf a79RQ kwer of
ner y1 am de- (P8UYEE GmetsAs aaes Bopineiezdh 45083 £ o5e 5 88 sobwpmeti um
hydr oxi dis angrylandBe (139.36 g), 10.64 g of acrylic acid, 11.55 g of 50% sodium hydroxide and 0.25
g of EDTA. The mixture is heated to 35 °C and 0.30 g of a 1% solution of VA-044 is
added. The resulting solution is sparged with 1000 cc/min. of nitrogen. After 60 minutes,
polymerization begins and the solution becomes viscous. After 2 hours, the mixture is a
milky dispersion and 0.30 g of a 1% solution of VA-044 is added. After 3.5 hours, 0.30 g
20  ofa 1% solution of VA-044 is added. After 4.5 hours, 1.2 g of a 1% solution of VA-044 is
added. After 5.5 hours, 2.9 g of a 1% solution of VA-044 is added. After 8 hours 5.0 gof
a 1% solution of VA-044 is added. The reaction is continued for a total of 16 hours,
during which time the temperature is maintained at 34-36 °C. To the resulting dispersion
polymer is added 6 g of sodium sulfate and 4 g of ammonium sulfate. The resulting
25  polymer dispersion has a Brookfield viscosity of 680 cps, a pH of 7.0, and contains 15% of

a 93/7 copolymer of acrylamide/acrylic acid with a reduced specific viscosity of 24.2
dl/gm at 0.045% in 1.0 N NaNOs.
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g of EDTA. The m xture is heated to 35 C and 0.30 g of a 1% sol uti on of
VA-044 i sy %jﬁg The resulting solution is sparged wt 9/4(9 { m n.
ofnltrogen ter 60 mnutes, polynerization begins and the solution
beconmes viscous. After 2 hours, the mxture is a mlky dispersion and 0. 30"
g of a 1% solution of VA-044 is added. After 3.5 hours, 0.30 g 20 of a I %
solution of VA-044 is added. After 4.5 hours, 1.2 g of a |% solution of
VA- 044 | sExamiideds After 5.5 hours, 2.9 g of a 1% solution of VA-044 is
added. After ho 1% sol.utjon of VA-044 is added. The
reaction is c%Fﬂ ﬁéi‘&rfﬁ‘gﬁa‘i‘?ﬁe&\“pﬁﬁwm?mp%?‘ieﬁﬁ“‘ﬁﬂiﬁebﬁ“ VAE t he

t enper at Ugddlddcofidensér & atided 362.51% aﬂeﬁmﬂwwmbﬁ 1148 of $odieh ileReTeg en  pol yner
is added 6 g of sodiumsulfate and 4 g of amonium sul fate. The resulting

25 pol yrreamrap@b@rsslif%%q smhelmwwweéﬁsﬁ%yolww@ BB W pH of 7.0,

d I d h
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I s added el oni ze I 'umsu
ammoni um sided. aTle, reﬁﬂtﬁig sglutibn s(spargcd\fmh H0ec/min og‘ nmfogm ]Bﬂérédlmmutesn of a

79/ 21 wWw r. of t hacr yl.i c aci d/ AVP 3748gof a
49. 6% solEP?Y’Bﬂ'PZS+‘}ln @’8& {"i%‘s'beg‘i‘“?j)"‘s%‘if ?8“‘*5533% réF%"&" i 15.45 g
of 50% soﬂilkmlbpeﬁb'm@ﬁm 30gbfQ. 138sohgionfof FAFR4 iJ hddedi Affier 325 hourhi@d0ed to 35 C
and 0. 30 of a.1%s A-.Q44 ed. . T resul t] Jution is
spar ged vt 72 Rie @ﬁh#%b% &ﬁe}{ é&@#ki@g&,c{%@o {11;15%13 tion ‘Hj‘%ﬂéﬁ Szation

begi ns anglidtd) AR !58 hois, b@f‘gcﬁﬁﬂl%/soﬁﬁiéﬁ%fVAf-Gﬂﬁs £dded NAREST hdubg 5 Higdfure is a
10 m | ky di sper5| on_and .0 6q%uof a 1% sol utjon; of VA-044 is added. After

3.5 hour s? 1% salgtien of ¥A-944 t3,2ddqd (Tihg Feeghionjpcontinuedsforatatal of }6 haws, 4 5 hour s,

1.2 g of cﬁxrﬁé%@hl!ﬁﬁ&ﬂe&fn Mmmmmm €fo §1e5e§iiﬁh'1?$h ésignd of a 1%
sol ution of -044 is added. After 7 hours, 5.0 g of a 1% soI ution of

VA- 0415 spoéxmveas adipd 12 g afsodiym sulfateand 8 seéanwemual svlf#al Thereqwdtingour s, during

. Which ti Fpgi%ﬁ h@éo@hﬁ?ﬂzﬁ 7.0 4hdt o6t 1 N
di sper si sg 1S ggsﬁé(?m go mg fate aégﬁ‘g %‘ifﬁ anmoni um
sul f at e. qﬂa@Sﬁe@pplymngof acrylanude/acryhc acid with a reduced speclﬁc viscosity of 18 S
dV/gm at 0.045% in 1.0 N NaNOs.

20 Example 46 _ _ ,

To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water
cooled condenser is added 443.78 g of deionizéd water, 126 g of sodium sulfate, 84 g of
ammonium sulfate, 0.40 g of sodium formate, 40 g of a 15% solution of a 89/11 wiw
copolymer of methacrylic acid/AMPS (Example 26), 280.99 g of a 49.6% solution of

25 acrylamide (139.36 g), 10.64 g of acrylic acid, 11.45 g of 50% sodium hydroxide and 0.25
g of EDTA. The mixture is heated to 35 °C and 0.30 g of a 1% solution of VA-044 is
added. The resulting solution is sjnarged with 1000 cc/min. 6f nitrogen. After 60 minutes,
polymerization begins and the solution becomes viscous. After 2 hours, the mixture is a
milky dispersion and 0.30 g of a 1% solution of VA-044 is added. After 3.5 hours, 0.30 g
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" pol ymer di spersion has a Brookfield viscosity of 2200 cps, a pH of 7.0, and
contains 20% of a 93/7 copolynerof acrylam delacrylic acid with a reduced
specific vi"tBEPY of 18.5 di/gmat 0.045%in 1.0 N NaNEETUEBVEBRZp) e 46
"To a 1.5-liter resin reactor equipped with stirrer, tenperature controller,
and water cool ed condenser is added 443.78 g of dei oni zed water, 126 g of
sodiumsul fate, 84 g of ammonium sulfate, 0.40 g of sodi umformate 40 ¢
of a 15% solditye / f

O o SebPd DRRRof L bl Wi 001 ¥ 80ug L TELESAOLIGoR AN, |
10. 64 g of wdded Aﬁeraicig hours, 2.94501p qu;mm@symmadm dé’tea'huom,za)ggf of
EDTA. The t ol of LVA- 044
i s added. F{%%@gh Nﬁ Oggll%%adgdﬁ ﬁseq'gb%g?n%go&n{%kd%égfi /flﬂslhglﬁs nltrogen
After 60 m3ﬁﬁ(1=.-sl‘othprﬂsyhungdmpdrsxmnpdﬁmarnsachlﬂdi6lgh§samhmtmlfmehﬂmogrﬁs VI scous.

After ours t |o a %

sol ut|o of ATJRY Iﬁmsmgxtﬁd ed‘es“,&tf nh@‘% é&g@fgd

PCT/ US00/ 4oapa,1am of17.0, Afdconhthink w%efawwed;ﬁly:ﬁerwd@ﬂamﬂetaefyhé aéid kmwas 1.2 ¢
olal%solg 8nof VA- 044 i 5 haurs, 2.9 g of al%

sol ution fofF™ Wﬁ'q%V’ﬁdﬂgffaﬁﬁ%ggmftﬂ'%#;m EONNaN®s. ' a 19 sol uti on of
VA-044 is added. The reaction is continued for a total of 16 hours at 34-
36 C. To the resulting dispersion polyner is added 6 g of sodi um sul fate
and 4 g of um sul fate. The resulting polynmer dispersion has a

Brookfigjd vi SCORY 4 V.5 %ker3sih reEd?&eg@igﬁ%vmh stirlr, wﬂ&rﬁ&gpec@k}%&&eﬁ 93/'7

copol yner of acryl am de/ acr reo I'é VI scosi ty of
23. 4 dl / gm epeled coudpmser is ad M3l-‘$ell‘§38'dei§naﬂtbweﬂ12&9 offdiuni subfatej $4g of esi n

reactor eq u 2l e cool ed
condenser :Jéslﬁg ergl ﬁgﬁé?l‘{of&fso%el oni z{eeda& %ng ff%lu{(fydn ?aina%gﬁqu “sul fate, 84
g of  anmoncopalymet éfxnethacdylitGicig/ANIPS (Biiample 28),28099 g4f 24968 whihwsol uti on of
a 49/51 w I l'n 0 hacryl i.c aci.d/.,AMP anpl 8),,280.99 g of a
39, 6% sol ut I SHBRe AR pige g 1158 Ko shfRp bty ickidecsnd 081’53 g
of 50% Bodi giof BIYTA o Thelmixtare ¢k &aﬁ&mﬂﬁm afid 0. E@gefa ThssoRitivh bf BAlGa4eat ed to
35Cand030g1q{_}l uﬁsol t.ion of VA-044
dded. The resuiting so ution 1s sparg with 1000 cc/mm of nitrogen. After 60 minutes,

polymerization begins and the solution becomes viscous. After 2 hours, the mixture is a

milky dispersion and 0.30 g of a 1% solution of VA-044 is added. After 3.5 hours, 0.30 g

of a 1% solution of VA-044 is added. After 5 hours, 1.2 g of a 1% solution of VA-044 is

20 added. After 6.5 hours, 2.9 g of a 1% solution of VA-044 is added. After 8 hours, 5.0 g of

a 1% solution of VA-044 is added. The reaction is continued for a total of 16 hours at 34-

36 °C. To the resulting dispersion polymer is added 6 g of sodium sulfate and 4 g of

ammonium sulfate. The resulting polymer dispersion has a Brookfield viscosity of 745

cps, a pH of 7.0, and contains 15% of a 93/7 copolymer of acrylamide/acrylic acid with a
25  reduced specific viscosity of 23.4 d//gm at 0.045% in 1.0 N NaNOQs.

Example 48
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled condenser is added 362.21 g of deionized water, 114 g of sodium sulfate, 76 g of
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added. The resulting solution is sparged with 1000 cc/m n. of nitrogen.
After 60 nRygwirkoes POl ynerization begins and the sol uti 0&619@91?3951 Vi scous.
After 2 hours, the mixture is a mlKky dispersion and 0.30 g of a 1%
solution of VA-044 is added. After 3.5 hours, 0.30 g of a 1% solution of
VA-044 is added. After 5 hours, 1.2 g of a 1% solution of VA-044 is 20
added. After 6.5 hours, 2.9 g of a 1% solution of VA-044 is added. After 8
hours, 5. Oamymesfiumgulfals, 5B g df sediem farmate) 40 g of atiYe solutidneofadl(Sivow i S

cont i nued 1.6 hour, 5 ' To .t esyl ting dispersion
pol yner i séo ggggﬁ} g'géﬂcl#;ys%gf @&A@g? f%’iag“%%n%}?’z?;%s&r"f*QM%?WES?]‘ at el.o The
r](casgl '([) i ng znglgmile (RSSB?gg,SM?B gtﬁéat}u?l_i&@d;lldﬁiﬁIg@f?b%&ﬁﬁ}lh}hyﬂio;dﬁéﬁmli 083, . S pH
of 7.0, an A of .a 0 r cryl am de/ acrylic aci
vith o oo oFIREE Tesmidiceis et 1 L 30s ale Tk folatiop obYAeia4ts 1 0 N
NaNC3. 5 Exdiided. €THéFeshRing sdlufior is sdrgddS@ithN1 000 36/4niH. of fittoP&E A M 60 mbuitds! €T -

tenmperature controller, and water cool ed condenser 1s added 362. 21 g of
dei oni zed Rehymsrization begigs and the solvtiandierqmagsviscous. dvfisr 2 haws s wixture a4

PCT/ US00/ 4‘&7‘%]‘2‘9'?%%&\%}‘“ 0130'4!drat1% soqgfﬁ?, r?gy%to@qfiwg&f Rg%? |\'/€>§°“?1Q:Q%O f a 15%

solution of a : w copol yner acrylic acl le 28), .
374. 8 g- ofofa-1%9sobiion of VA-OA4 ivadded.c Aftenh$ beurs, 125 ¢f2 195 solationidd VA-044 iacr yl i c

acid, 15. o) ' ' ( f . The mxture is
hont od. o4 é%%g%%g‘%ggfyg?’%ﬂ%qg%?ﬂ???ﬁﬁ%fa%ﬂg?@‘%“ dded. The
resul tidng continved for aitetalnnfd 6 hewrs af 34936100 (Tacth¢ resultingHdisperdioroppdymer Af 4dded 60

m nut es, )?@E i - i .th | i on hecones vi.scous., After 2
hour s, thela;a Xt uéh{élﬁi%‘glk‘agg "m! i‘ i&ﬁ%’é‘?@?‘gﬁa%aﬁl}e&sg g P HisRezp M bas on of
VA- 044 | s adtidekfield¥iscesitySof226Mcpssa ph 080.0gandebntaind 20% of 4193/0 Gopvlynéof44 1 s

added. After.4..5 hours,..1.. f 1%.sol.uti.on - 044 | added. After
our s, 2. dotypiaeRcG it redrecdaessini Visoupedlo Hemata s i 16N o
continued NaNOsa total of 16 hours at 34-36 T. To the resulting dispersion
polyner. is added 12 g of sodiumsulfate and 8 g of anmoni um sul fate. The
resul tlisng pol ymer di spersion has a Brookfield viscosity of 2260 cps, a pH
of 7.0, arﬁaﬁgjeugi ns 20% of a 93/7 copol yner of acrylam de/acrylic acid

with a reduced _specific viscosity of 21.9 dl/gmat 0.045%in 1.0 N NaNGCB.
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water

cooled.condenser is added 362.26 g of deionized water, 114 g of sodium sulfate, 76 g of
ammonium sulfate, 0.53 g of sodium formate, 40 g of a 15% solution of a 38.4/61.6 w/w
20  copolymer of methacrylic acid/AMPS (Example 31), 374.8 g of a 49.6% solution of
| acrylamide (185.82 g), 14.18 g of acrylic acid, 15.40 g of 50% sodium hydroxide and 0.33
| gof EDTA. The mixfurg is heated to 35 °C and 0.30 g of a 1% solution of VA-044 is
added. The resulting solution is sparged with 1000 cc/min. of nitrogen. After 60 minutes,
polymerization begins and the solution béc_omes viscbﬁs. Aﬁer 3 hours, the mixture is a
25  milky dispersion and 0.30 g of a 1% solution of VA-044 is added. After 5 hours 0.30 g of
a 1% solution of VA-O44_ 'is added. After 6.5 hours, 1.2 g of a 1% solution of VA-044 is
added. After 8 hours, 2.9 g of a 1% solution of VA-044 is added. The reaction is
continued for a total of 16 hours at 34-36 °C. To the resulting dispersion polymer is added
12 g of sodium sulfate and 8 g of ammonium sulfaté. The resulting polymer dispersion has
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"15 Exanple 49 To a 1.5-liter resin.reactor equipped with stirrer,
tenperature controller, and water cool ed caondenser is added 362.26 g of
dei oni zed WWAO@}1806414 g of sodiumsulfate, 76 g of anmoni BATASI0MER2Ee, 0. 53
"g.of sodiumformate, 40 g of a 15% solution of a 38.4/61.6 w w 20 copol yner
of nethacrylic acid/ AMPS (Exanple 31), 374.8 g of a 49.6% sol ution of

acryl am de (185.82 g), 14.18 g of acrylic acid, 15,40 g of 50% sodi um

XL it S P e Y DS oA e P ol o

1000 cc/ mi naciyfamide/dceditracidAbitted re@ibedbpbdifR Viscodty! of 7R3 dl/ainia@0.08R0 o ANd t he
sol ution begones vi.scous. After 3 hours, the mxture is a 25 m|ky

di spersi on NG 30 g of a 1% sol ution of VA-044 is added. After 5 hours
0.30 g of a 1% solution of VA-044 is added. After 6.5 hours, 1.2 g of a I[%
solution of VA-044 is added. After 8 hours, 2.9 g of a 1% solution of

VA- 044 i 8 ad&Zample$fle reaction is continued for a total of 16 hours at

STt ang & TE st AP L AR bl Bird: el EHe dhd ard Ol

sulfate and 8 g ammoni um sul Ta rsion has
41 WO 61118@@%@@90#4@@34@.6%96&ﬁ¢mwmtescuéuggfsodmm@ﬁmate;mg,gcﬁ pH of

{educed spedrpionnnt sl G4 glof sHRAPIARRL 4s or3ake Mltiod ofs Ralf g5 " °
Exanpl e 50 EwMer&fmeﬁacryhemld!Ai\ﬁaﬂEQamﬁqal)ppww\g bfh#lﬁ%rselﬁnortmper ature

erer 186 s8I Tiongar1EeE ShamIRGrd B SELB0HPL S By b U Coai um

formate, 40g®fEDTA. mx%xﬁﬁllutalh heutéd to 35 A8 ard 30 £ ofd 1% s6RBGH ¥MPA-03% is
met hacrylic g%gdé_@ Exa | e .31), 280.99 of .a 49.6% sol ution of. 10
acryl am de @ Ef“] THE)spukon liﬁp%ﬁ ith 100 ge/ming of mitsogen o AfSD6A minutesm

hydr oxi de apélyfeRutios b%mfﬁ]@he thﬁpoé’Jon@vxh&uE‘eﬂh@xcb ﬂ&r?ﬁxe%ﬁﬁge@ago g of

a 1% sol utlon of . VA- 04 The resul t|n? solution Is sparged with

1000 cc/ ni nmilky dispersignand 0.39 sefa B‘ﬁ sphution efsVA-Ofb isyadded. Aftdr 3r5 houtsi 630 gnd t he
sol uti onsbeepsps sYhBEPHEA-044 §added! AleSs ndultE 179 5#H % sotuffon of VA-044 is

added. After 6.5 hours, 2.9 g of a 1% solution of VA-044 is added. After 8 hours, 5.0 gof
a 1% solution of VA-044 is added. The reaction is continued for a total of 16 hours at 34-
36 °C. To the resulting dispersion polymer is added 6 g of sodium sulfate and 4 gof |
ammonium sulfate. The resulting polymer dispersion has a Brookfield viscosity of 900

20  cps,apH of 7.0, and contains 15% of a 93/7 copolymer of acrylamide/acrylic acid with a
reduced specific viscosity of 22.3 dl/gm at 0.045% in 1.0 N NaNO;.

Example 51
To a 1.5-liter resin reactor equipped with stirrer, temperature controller, and water
25  cooled condenser is added 362.46 g of deionized water, 114 g of sodium sulfate, 76 gof
ammonium sulfate, 0.53 g of sodium formate, 40 g of a 15% solution of a 29.4/71.6 w/w
copolymer of methacrylic acid/AMPS (Example 34), 374.8 g of a 49.6% solution of
acrylamide (185.82 g), 14.18 g of acrylic acid, 15.20 g of 50% sodium hydroxide and 0.33
g of EDTA. The mixture is heated to 35 °C and 0.30 g of a 1% solution of VA-044 is
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m | ky dispersion and 0.30 g of a 1% solution of VA-044 is added. After 3.5
hour s, Og'?)l?? %’5 of a 1% solution of VA-044 is added. After 5 hours, 1.2 g
of a 1%s Y84 of VA-044 is added. After 6.5 hour s, E.Cyuﬁ"“@fmé 1%
solution of VA-044 is added. After 8 hours, 5.0 g of a |I%solution of VA
044 is added. The reaction is continued for a total of 16 hours at 34- 36
T. To the resulting dispersion polyner is added 6 g of sodiumsulfate and 4
g of amMonidged. STheresiuRing S618ti6TES bhagedGvithOl0B0BE mEH, SPRIfrSEAN ATRS 66mBaekf i el d
viscosity of 900 20 cps, a pH of 7.0, and contains 15% of a_93/7 copol ynmer
of acryl amel@esigstinibegigzand the salution beeasirs ¥iscolse After 5 bpurs.dhe mixtuse is22. 3 di / gm
at 0. 045% "ﬁ:yjdi LonNahie8.30 b ; Joa2d 4 ' qui pped
wWth sti r?ﬂgr, t%r?%lleraturgo-?(%??ﬁogl}l?ggﬁgA\J/\%?égrd&g% égiri‘ghé cbn’gggggr is
added 362.2486 sphationchfiVan44cid addede Aften 3.8 hours)f1. 2350l alPo soikbfien ef VA-944jisof

ammoni ym syl f at ) ' . 06.sol ution of a
29. 4/7%. 6%#%‘3%@%"5%?@%5’%% °%?ﬁ’§§%ﬁﬁ%“ﬁf‘%ﬁg%‘%{ @5%%1"%&?2), 374.8 g of
a 49. 6% sebntinued fopt: totalof\l b hours et 341376°C3 Toghe redultigidispersiongmiyrhdr s siidedd, 15. 20
g of 50% sqQdi um hydraxi de and 0.33 .g of EDLA The mxture.is heated to 35
& ond-0. 3326 A pod gt S ofmtapui i I 15 o ok pabiar BSHFIOHS 40751
added. The Bréskfleld vigtofifyl dft650 Bps, & pHRAT OghdWohthind 2044 o@ﬁbmrao%aimﬁ&r ogen.
After 60 m nut eg,qcﬁgply ri.zation Es)He#j s.and the sﬁl/ution ecomes_. Vi scous.
After 2: 5 afrglamide/aopdicgridiwiha reduced specifie yisgosity of 175 AV8 Gt 908 i 1§ Na 195
sol utijpn @faN¥) 044 is added. After 4 hours, 0.30 g of a 1% solution of
VA-044 is added. After 5.5 hours, 1.2 g of a 1% solution of VA-044 is 5
added. After 8 hours, 2.9 g of a 1% solution of VA-044 is added. The
reaction E%am@@@ﬁi nued for a total of 16 hours at 34-36 C. To the resulting

di spersion polyner is added 12 g of sodiumsulfate and 8 g of ammoni um
sul fate. The ré€eallSriter rpsin (useter efuinped with stiregstlempergipreciontrellen apd sotssi t y of

oory! o oSydd Sadust is R SENEFL BEacAMGRS el 136 £ o QRS FBELB4 08 ) o
0. 045%i nathmOniim shiffatlo\EBg ofsodivpi fortBate, O gof 2 15%! solution pEm294/Tbawwr equi pped
wth stir rcgproiyntxe% %P%Eﬁi&&&ﬁc_ &?&MS' (E{campqg 514)\,'\%0?59 g of a 49.6% solution of

acrylamide (139.36 g), 10.64 g of acrylic acid, 11.35 g of 50% sodium hydroxide and 0.25

g of EDTA. The mixture is heated to 35 °C and 0.30 g of a 1% solution of VA-044 is

added. The resulﬁng solq.ition is sparged with 1000 cc/min. of nitrogen. After 60 minutes,

20  polymerization begins and the solution becomes viscous. After 2.25 hours, the mixture is
a milky dispersion and 0.30 g of a 1% sol_ﬁtion of VA-044 is added, After 4 hours, 0.30 g
of a 1% solution of VA-044 is added. After 5 hours, 1.2 g of a 1% solution of VA-044 is
added. After 7.5 hours, 2.9 g of a 1% solution of VA-044 is added. The reaction is
continued for a total of l:6.hours at 34-36 °C. To the resulting dispersion polymer is added

25 6 gof sodium sulfate and 4 g of ammonium sulfate. The re#ulﬁng polymer dispersion has
a Brookfield viscosity of 980 cps, a pH of 7.0, and contains 15% of a 93/7 copolymer of
acrylamide/acrylic acid with a reduced specific viscosity of 18.3 dl/gm at 0.045% in 1.0N
NaNO;.
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"cool ed condenser is added 443. 69 g of dei oni zed wat er,
84n8 oPisosal anmoni um sul fate,
a 29.4/71.6 w w copolynmer of nethacrylic a

sul f at e,

15% solution o
280.99 g of a 49.6% sol ution of
11.35 g of 50% sodi um hydroxi de and 0.25 g of EDTA. Thgd N
adde

" 34),

acrylic acid,

0.40 g of sodi umf

126 ¢

acrylam de (139.36 g),

of sodi um

Cf@#oﬁmgép (

10.64 ¢

mxture is heated to 35 C. and 0.30 g of a 1%sol utlon of VA-044 is

m nut es,

2.25 hours,
of VA-044 is added..
added. After

5 hou

the m xture is

After
rs,

20 pol ynerization begins and the sol uti o_rl becomes vi scous.

g of a
Exanpl e

of

After

a mlky dispersion and 0.30 g of a 1% sol ution

4 hours,
of a

/solutlo

ot St

.S

0. 30ng>le4)f a 1% solution of VA-044 is
added. After

7.5

hours, 2.9 g of a I%sol ut bﬁl?erB’Pn ﬂm‘?’@‘ ion is continued
for a tota[Eedm isp&rsioh [Disptsibn 19 StabRizELS UT T [ BEookkielae! [RSVI@ 0! YBr is
added 25 p ¢ oﬁ.}@sodl Em sul fatP;&sand 41g of anmoni im sul f at &. The@)res Ul ting
pol yner di spersi on AMLAAY ErQRS‘E?‘}t@F'EP\M_ S of | Yawositys, |D-MEof 7|0, and
contains 1p% of a Pg{t copal yner of agﬁm‘am de/ a¢ kPQ ic aci[d with a feduced
specific viscositylof 18 3 |dl/gmat 0 2%in 1.0 43 WO 01{ 18064
PCT/ USOO/434@1 The93¢? opert |1é's of the |6@.I5)§3|'*h§r dis )825§‘| ons pmpar ed i n
EXpl es 42- pgrare— o bte—4—Fa Brspe Pot-y
I\/AIZI AVPS Spabilizer 9\:*"L/JFExarrpl e Di spersi §%§B7'>5per Si ;Zi%‘?ab. | i zzér8 Br ookf ield
5, G A Concefiaon [V AVES V] ssisi Ly 0 Oy VTS op: 42
93 L= e o o eSS . -
79/ 21 680a 554. 2 459;35‘5/ 7 2d 29/ 21 22004928.5 46 H2300" 15 8d/18F 8108 3. 4

47 93/7 15 49/51 745 234

43 93/7 20 49/51 2260 21.9

49 93/7 20 38.4/61.6 1630° 223

50 93/7 15 38.4/61.6 900 23

51 93/7 20 29.4/70.6 650 17.5

52 93/7 15 29.4/70.6 980 183

5 a) Dispersion eventually gelled.
NONIONIC DISPERSION POLYMERS WITH AA/AMPS STABILIZERS
Example 53
10 To a 1.5-liter resin reactor equipped with strirrer, temperature controller and water

15

cooled condenser is added 439.52 g of deionized water, 120 g of sodium sulfate, 80 gof

ammonium sulfate, 0.33 g of a 50% solution of sodium hydroxide, 50 g of a 12% solution
of an 80/20 mole/mole Amps/acrylic acid copolymer (IV=5.17 dl/gm), 306.75 g of a
48.9% solution of acrylamide (150 g), 0.60 g of sodium formate and 0.25 g of EDTA. The
mixture is heated to 35 °C and 0.30 g of a 2% solution of VA-044 is added. The resulting
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48 93/ 7 20 49/51 22608 21.9 49 93/7 20 38.4/61.6 1630a 22.3 50 93/7 15

18.3 5 a) Dispersion eventually gelled. NONI ONl C DI SPE MERS W TH
AA/ AMPS STABI LI ZERS Exanple 53 10 To a 1.5-liter resin reactor equipped
wWith strirrer, tenperature controller and water cool ed condenser is added
439.52 g of deionized water, 120 g of sodiumsulfate, 80 g of amonium
sul fat e, CoBgiogissparged@ith $00acimin. af hiteogen. uAfiéryG@muinutels polyerizatibn a 12%

solution ,of.an [ 2Q mol.et nol e. Anps/acryl.d.c acid copolyner (IVz5.17

0l g - adeens Ryt iR GiGPRS At L5 oy e mESRS B By o

sodi um f ordigpessioan Affer 2 hows,afsedond A.30 Bt a 2% stlutior o€ ViASO4adahdiddt Afeds C and

0.30 g of a 2%312"8%“% of VA- 044 i% added. . The resultin 44 WD 01118064
I

PCT/ US00/ Ag¥34a igAf 222 sqiutionof Vil-044 13 edsisd  After 4hougs, 12:e Hsgeh. After

60. MM Ut QButiBRbYVRI04AH ddded. ARG 17 houRElob HBr $3% Ybluéh SOLRMRS isdddépus. After
1.5 hours, the m xture becones a mlky dispersion. After 2 hours, a second

0.30 g of Ehezeacten isconsinued foyatatal of 24 haursiat34-381Ce Thgrespiting Rolymen hird 0.30 g

of a 2% soditi - ' . ' 2% 5
sol uti oon ?{5%@82?5??&3%@% bﬁ%‘%?grsp%wﬁ)ch%é p ﬁZJ.}gfL)H’ gndo%mgaug%gé 0 L?t i %n of

VA- 044 i s hounapelymerpfacrylamids with ansintripsicivisaesity 0612.9 dVgrn il 1.0 inolat Nabidhs  at

34-36 T. The resulting polyner dispersion has a Brookfield viscosity of
287.5cps, a pH of 6.0, and contains 15% of a honopol ynmer of acryl am de
with df i Bxempkisd viscosity of 12.9 dl/gmin 1.0 nolar NaNG3. 10 Exanple 54

To a 1.5-literLesidy. ' Jth. strirrer. te rat ure controller
and water coo lTrggﬁé%lﬁfiﬁgé?&ﬁt§9§®@§9X%_s&gre& CIPPERLTS SpurERe lﬁev}m,t""r120 g of
sodi um sulcbeledcondenser i hdded 42N8S gof deidriizedavate?, 120 gpf eddivim SOIPate 80 glofon of
sodi um hydr oxi de 0,0f a.10% sql uti ..0f ~a.34/66 nol et e slacrylic
aci d copol@manni i}‘?‘g‘%ﬁ%g%ﬁg % 5@3@7‘5&80‘&‘“‘5‘%@’.‘@%& gofa 1898 sondloh

of a 34/66 mole/mole Amps/acrylic acid copolymer (IV=2.79 dl/gm), 306.75 g of a 48.9%

15  solution of acrylamide (150 g), 0.60 g of sodium formate and 0.25 g of EDTA. The
mixture is heated to 35 °C and 0.30 g of a 2% solution of VA-044 is added. The resulting

38.4/61.6 3 51 93/7 20 29.4/70.6 650 17.5 52 9 4/ 70. 6 980
Apfhads APty

solution is sparged with 1000 cc/min. of nitrogen. After 60 minutes, polymerization
begins and the solution becomes viscous. After 2 hours, the mixture becomes a milky
dispersion and a second 0.30 g of a 2% solution of VA-044 is added. After 3 hours, a third
20  0.30 g of a 2% solution of VA-044 is added. After 4 hours, 1.2 g of a 2% solution of VA-
044 is added. After 7 hours, 2.90 g of a 2% solution of VA-044 is added. The reaction is
continued for a total of 24 hours at 34-36 °C. The resulting polyxher dispersion has a
Brookfield viscosity of 160 cps, a pH of 6.0, and contains 15% of a homopolymer of
acrylamide with an intrinsic viscosity of 14.2 dl/gm in 1.0 molar NaNOs.
25 | |
Example 55 _ _
Toa 1.5-'li_ter resin reactor equipped with strirrer, temperature controller and water
cooled condenser is added 436.65 g of deionized water, 120 g of sodium sulfate, 80 g of

ammonium sulfate, 3.25 g ofa 50% soluﬁon of sodium hydroxide, 50 g of a 12% solution
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" 15 solution of acrylamide (150 g);, 0.60 g of sodiumformate and 0.25 g of
EDTA. The mixture is heated to 35°C and 0.30 g of a 2% sol ution of VA-044
is added. T™OOVEB8¥I ting solution is sparged with 1000 ccPEI/HS00M072hi t r ogen.
-After 60 m nutes, polymerization begins and the sol ution becones viscous.
After 2. hours, the m xture becones a mlky dispersion and a second 0.30 g
of a 2% solution of VA-044 is added. After 3 hours, a third 20 0.30 g of a

2% sol ution 5 ' ( Ater 4 hour 258 0 % s@l ut hon of
On S0ad i o Enia0f8o e eupSi AfAeryib B olpelfl Ty B dfa g7 ERf a8 00
added. The wselatidn affactytamideo(150 g);@cGOfgurfsedi?(:]?Ifm-I}nda&fanaﬁ.ﬂS@wfﬁmtA.3er36 T. The
resultin ol.yner, di sper gj h rookfi e i Lty .o 60 cps, a pH
of 6.0, " and T hetdngofC s a0 g Fy Adolifon of V4048 xalocd heasriline | nei c
viscosity Ofoldordis Spargdwith 1000 coMli'of hbES. AdRr B B, E&Y.Iaizatién S5-liter
resin reactor equipped with strirrer, tenperature controller and water
cool ed cénd&bpginyanddhesolutign beepmss viscous. Adieohhousy thesmixpre is agilkysiispersionum

| fate, 80 ' ; 9 | |
hycr oxi te, S0 S0 FOTERRMEBA of Phtess el Sy P 8B CRAPLRRAIISII G

20/ 80 nol e/ v-844nispddedc After 4.5 oums, b2 of § 2% solation-0f \OR-0d4 isadyied. 75 g of a
48. 9% sol utj bal Bl 0 Lum f.or mat e an .25 ¢
of Epra  hive23) gRfa Ao V- Bl gy Phesac B Buisflelinc PRt

VA- 044 i s addbours 3id-36"O. | Thie mepulting ipolymendispersiquciiag @ Brookfisldha&osityaf mit.  of
nitrogen, After 80 .mi.nutes. pol rd.zation 5 begins and the solution
becomesq\gi s¢ sﬂ%.l’ﬁ,&ff?gr a'?e"}%@%é,1¥%‘r‘i‘gaﬁﬁo§?ﬂ$§rﬂ?§?gﬂ¥&mé}‘?ﬂ HHPEPSS  and 0. 30
g of a 2% seistdsitof 1.5 WAerd) #d1.0 mohatNaNO;Af ter 3 hours, 0.30 g of a 2%
solution of VA-044 is added. After 4.5 hours, 1.2 g of a 2% sol ution of
VA-044 is added. After 7 hours 2.90 g of a 2% solution of VA-044 is added.
The reacti oExarfiples@ti nued for a total of 24 hours at 34-36 T. The

resul ting polyner dispersign has a Brookfield viscosity of 140 10 cps, a pH
of 6.0, and cont 59 s> G%TWHW%WW%M*%%F%HQW@?WWH%ﬂMWi nsi c

Vi scosi 1y Oboolett conféns&R ddded 485 5P% 8f deiéthfeR water, 120 g of sodium sulfate, 80 gof

ammonium sulfate, 4.33 g of a 50% solution of sodium hydroxide, 60 g of a 10% solution
of a 9.3/90.7 mole/mole Amps/acrylic acid copolymer (IV=3.36 dl/gm), 306.75 g of a
48.9% solution of acrylamide (150 g), 0.60 g of sodium formate and 0.25 g of EDTA. The
mixture is heated to 35 °C and 0.30 g of 2 2% solution of VA-044 is added. The resulting

20  solution is sparged with 1000 cc/min, of nitrogen. After 60 minutes, polymerization
begins and the solution becomes viscous. After 2 hours, the mixture is a milky dispersion
and 0.30 g of a 2% solution of VA-044 is added. After 3 hours, 0.30 g of a 2% solution of
VA-044 is added. After 4 hours, 1.2 g of a 2% solution of VA-044 is added. After 7
hours, 2.90 g of 2 2% solution of VA-~044 is added. The reaction is continued for a total of

25 24 hours at 34-36 °C. The resulting polymer dispersion has a Brookfield viscosity of 270
cps, a pHI of 6.0, and contains 15% of a homopolymer of acrylamide with an intrinsic
viscosity of 13.8 di/gm in 1.0 molar NaNOs. |
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Exanple 56 To a 1.5-liter resin reactor equipped with strirrer, tenperature
controll ter 15 cool ed condenser is added 425. Il oni zed

wat er, 1ggmgm%?mgodiun1sulfate, 80 g of annonlun1sulfa§ZTE§a%8ﬂﬁ of a 50%

sol ution of sodium hydroxide, 60 g of a 10% solution of a 9.3/ 90 7 v
nol e/ nol e Anps/acrylic acid copolyner (1V=3.36 dl/gn), 306.75 g of a 48.9%
solution of acrylam de (150 g), 0.60 g of sodiumformate and 0.25 g of

EDTA. The mxture is heated to 35 C and 0.30 g of a 2% sol uti on of VA-044

I s added. EI [3 rggultl ng 20 solution is sparged with 1000 cc/min. of

ni trogen. 0 minutes, polynerizafion begins and the sol ution becones
Vi scous. Aft er T@ahddliter reslheeaanor(éqni@ed with snirieigyenﬂpmes:bmlleaﬂd vated0 g of a

2% sol utio VA- 044, er .3 ,hours of sol_ution of
T oot s e eptasidpiss adnef S & oF dsidpista Ve St20 il ordRir g SRR, < Suldon.
After § haiiemiuh K@, 955 Qoﬁ%mwﬁﬁ&;rbf@&dl drdxids, 6AGCETS 109 whtiRACt | on i s
continued for a total of- hours at 34-36 T. The resultlqu pol ymer

di sper si o@’ﬁ&‘é’kal@%@k?qrﬂ}%"%h%’%‘? ymerfdVa3#2 dijgn), 306 and

cont ai ns ;] | | ’V|scosity of
13.8 dl/gmin- 1 WO 01/ 18064 PCT/ USOQ 40721 Exanple 57 -
SotifidH cﬁm%g% 08b é%?ﬁd/ didiT éthatti ahBl 025 éd?hblf)ss The

To a 1.5- mixtuge iy b@ﬁd@ 358G WWW WIWPISQWAMIS@%@R‘&F@N@HEOM rol | er

20di i cufg 508 € peRRlRER Londf Brdufieh; Shelss pillfriyagiar 1200 ©

sodi uif hy tegins aid thegDlugion become visenuk.uAften h &wpiuatuieﬁ} agfilkxdispersighi ¢ acid’

(150" cy "B ey R34 fd @8 oA Riadon o ﬁ%b”ﬁﬁ“@%% B D turs o

heat ed t o:ﬁ&ﬁmﬂ:dﬁwﬁﬂh@rﬁmmdﬂ YAsted 3ihours) 0(30 g\bﬁa(!&msdlmmdmwk-omhe resul ting

ol yrror: < AeRnALE Hidid 2l s e sditemel YA B B, Arel a0 S hour s

the m xtuae% @hﬂmﬂbfm-wusmrdsd OThe rE&tMﬂ isiantifued dstadoll T4 Goak at34L%
sol ution of 2' ? I S(N, N - di net hyl ene lgals&gttutryramdlne
di hydrléchPBrG d“éhe Tesuiane POLRS P§Pera°% s Rpoolfieid yiseosity 0intb2orePyA RSO i s

added. Af 5@ arfd é&ﬁl!dﬁfé 15% off‘aﬁoﬁapayxii@{oomrytam with afin@iféic viscaity 861159 t er
hours, 2.90° g, of
di/gm in 1.0 molar NaNQ;

Example 58

20 To a 1.5-liter resm reactor equipped thh stnrrer, temperature controller and water
cooled condenser is added 425.25 g of deionized water, 120 g of sodium sulfate, 80 g of
ammonium sulfate, 6.66 4 of a 50% solution of sodium hydroxide, 60 g of a 10% solution
(Example 18) ofa mgthacryhc acid homopolymer (IV-2.45 dl/gm), 306.75 g of 2 48. 9%
solution of acrylamide (150 g), 0.60 g of sodium formate and 0.25 g of EDTA. The

25 mixture is heated to 35 °C and 0.30 g of a 2% solution of VA-044 is added. The resulting
solution is sparged with 1000 cc/min. of nitrdg#n. After 60 minutes, polymerization
begins and the solution becomes viécous‘ After 2 hours, the. mixture is a milky dispersion
to which 0.30 g of a 2% solution of VA-044 is added. After 3 hours, a third 0.30 g of 2 2%
solution of VA-044 is added. After 4.5 hours, 1.2 g of a 2% solution of VA-044 is added.
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" a 2% solution of VA-044 is added. The reaction is continued for a total of

24 hours at 34 15 36 T. The resul'ting pol ymer di sper si on okfield
viscosity WPOEWI64s cns a pH of 6.0, and contains 15% o?&gﬁﬂ’g“ﬁ%gl yrrer of

* acrylamide with an intrinsic viscosity of 15.5 dl/gmin 1.0 nolar

Exanple 58 20 To a 1.5-liter resin reactor equipped with stirrer,
tenperature controller and water cool ed condenser. is added 425. 25 g of

dei oni zed hout< .99 g)éfa%dgdwﬁoﬁl&fK@Lw@Qd&dofme@aamweenﬁuﬁefd%@a 6.66 g
of a 50% sol ution of sodi um hydroxi de, 60 g of a 10% sol ution _(Exanple 18)

of a net hatataliof 24 hairsiat3rasp 6t ;Iﬂ:ercsqmpolwserom#ngmon a9 8 Byopkfieldivisgosiy. 99

solution o 1,;8@. {:S;Hrg,g Q25 g of
EDTA. The gg@@}rc&%ﬁawe}gl@géé} 9gaﬁnqs§%gf gﬁ%ﬂ EP{ A)g&Putlon of

VA- 044 is adesit: visdosity efS3l4 diigm ind & molaNaN@s. spar ged with 1000 cc/mn. of
mtrogeg After 60 m nutes, polynerization begins and the solution becones

vi scous” After 2 hours, the mxture is a mlKky dispersion to which 0.30 g
of a 2% solEuimsle 58f VA-044 is added. After 3 hours athird 0.30 g of a 2%

sol ution of VA-,944 i_s.added. After 4 Begur.s of a 20 sol ution of
VA-044 is addedTo &3 STHtPT resip\sapton aquings SipeBre sy leEendSTHE 2. 00 g
of a 2% solédledébn@énsitis @ddkdiass. @sigeﬂdemnTzehevateemblgcm sbdium @ulfite) 80¢ ofor a
total of 24 hours at 34-36 C_ The resultin ey dlsper5|on has a

Br ookf i el d ammopiyg sulfateqd.7 g of & s selutign ofso ma h EdecN0:&ptiast 2¥sspiggion
Homopolpy Nog-:mnp@&mj lomd/@o YHoithxélQ Aciym: kiakgIalieCpbltheP{vi3. Sédﬂbﬂﬂm in 1.0

nol ar I"iter reSin reactor equipped Wth

strirrer, 8ehpee af %lﬂ%9°é(§ﬁluflm Stacisanmeido 158 83, 040 o dodiom fomnaés And Ao
ul fare. 4o5EBTRTRERNETE peafcdls 95 T anEAIEDCA% S0ont ol Ouq sBARE) U
sol ution 1(I'h¢ Emltmg solum;n wSpaegeQ withd Oﬂﬁb@ﬁmnbﬁnngeyl lAd’ceaéG niirmth,yI am de
Copoloygloar g 55‘3" %%tﬁh@%sr& easrqﬁéieg Egc 6[%5 %co%sm iﬁtlsr% ﬁo%]s e!. &rap de (150
15  milky dispersion to which is added 0.30 g of a 2% solution of 2,2' azobls(N N'-
dimethylene isobutryramidine) dihydrochloride. After 3.5, hours a third 0.30 g ofa 2%
solution of VA-044 is added. After 4.5 hours, 1.2 g of a 2% solution of VA-044 is added.
After 7 hours 2.90 g of a 2% solution of VA-044 is added. The reaction is continued fora
total of 24 hours at 34-36 °C. The resulting polymer dispersion has a Brookfield viscosity
20  of555 cps, a pH of 6.0, and contains 15% of a homopolymer of acrylamide with an
intrinsic viscosity of 13.6 dl/gm in 1.0 molar NaNOs,

Example 60
* To a 1.5-liter resin reactor equipped with strirrer, temperature controller and water

25  cooled condenser is added 426.57 g of deionized water, 120 g of sodium sulfate, 80 g of
ammonium sulfate, 3.33 g of a 50% solution of sodium hydroxide, 60 g of a 10% solution
(Example 20) of a 19/81 mole/mole Amps/acrylic acid copolymer (IV=8.02 dl/gm),
306.75 g of a 48.9% solution of acrylamide (150 g), 0.60 g of sodium formate and 0.25 g
of EDTA. The mixture is heated to 35 °C and 0.30 g of a 2% solution of VA-044 is added.
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of EDTA. The m xture is heated to 35 C and 0.30 g of a 2% sol ution of
VA-044 is The resulting solution is sparged wt gmn.  of
nit rogen.‘&cb?ﬁgbs m nutes, polynerization begins and ?ﬁ%so ut | on becones
vi scous. After 2 hours the m xture is a-15 mlky dispersion to which is
added 0.30 g of a 2% sol ution of 2,2' azobis(N, N - dinethylene

i sobutryram di ne) di hydrochloride. After 3.5, hours a third 0.30 g of a 2%
sol ution afheWkumﬁésalﬂnmﬁsiqﬂrgeAMl&rlOOOEc/twuloﬁmtr&gem fef 60mitespl uti on of

VA- 044 2 f 2% f VA 044 dded.
The real:tS ipgg’ﬂ}eglz%l?HE’Fﬂﬂ%?j‘dfqg?”}m{‘gf 8?’ ’sg%’sh g‘lfuggﬁfe'o%'x ¢ ﬁel > adde

resul ting iy Ersiéhwahi&hwhdhasomgsbﬁok%lsemommazdbys(mw-of 555 cps, a pH

of 6.0, and contains 15% of a poI mer, of de h .an trinsic
vi scosi t y dinethdens ispb PEWPW'H"’)GRWE‘I% @8%4@%0#%5@“‘30‘19 ter resin
react oi; eyl pre auaédh&ﬁefnsmeﬁm f@gnpumbmwmmlmisﬁaeh veet? 25 cool ed

condenser I'S ad%ed 426.57 g of deionized water, 120 g of sodium sulfate, 80

g of ammdninsR-60g efa 2 soluten of VA-044 is@ddado The reantiosris septinped feyaitaiglpfle, 60 g
of a 10% %2"1\)%3{%4 A e%ﬁ%g‘%}gﬁ:&&éﬁ&mﬂa@/a'ﬁ?&fkﬁ%mﬁic@?fyydf iggsCi d

copol ymer “( 2°dlTg a 48. 9% sol ut1 on acryl am de
(150 g), &pﬁ@p@lttffGQimdmnainsrlﬁ’é&QfaalnmopdmﬂgOfanmﬁﬁUHMIcure i s

heated to 35 ution of VA-044 is added. 48 WD
01/ 18064 M{gﬁﬁg%%’ﬁg reStlﬁ iy solution is sparged wth 1000

cc/mno. of nitrogen. After 60 m nut es;, polynerization begins and the
sol ution Eecog§slvi scous. After 2-hours, the mxture is .a mlky
di spersi o ch is added 0.30 g of a 2% sol ution of 2 2' azobis(N N -

czi:)/ met lhyl ene i ?Q‘BH'{}'[AS\YI(')theﬁh mb@eweawmgme tempamureaontfmmmd Z\ag:@ol g of a
psolution o - | tel' sol uti on
of VA- 044 cpeled epndgnserip Pé#edﬁ%j ﬁga pfdeionized V@“%m-:é g‘lﬂ?‘ﬂg\ﬂg‘ﬁ‘ gf’ -044 is
added. - ThGuiRAfid AMsieSS 298 of 50 sélaforrofsddivh 1iroxidd, S0qyra 12% biidh C. The

resul ting pol yner di sper sion _has a Br OOker| vi scosity of 164 cps, a pH
of 6.035 ar xmal)wgaqmlwracai homopelyerer (her1-81 digm)y F%ﬂs\é%°%‘i8|'9;n intrinsic

viscosi ty B iddotheAidndtR (130 &), 9.60% &frsomh'%nate]ﬂd 0.25 g of EDTA. The

mixture is heated to 35 °C and 0.30 g of a 2% solution of VA-044 is added. The resulting
solution is sparged with 1000 cc/min. of nitrogen. After 60 minutes, polymerization
begins and the solution becomes viscous. After 2 hours, the mixture isa milky dispersion

20 to whichis added 0.30 g of a 2% solution of 2,2' azobis(N,N'-dimethylene
isobutryramidine) dihydrochloride. After 3.5 hours, 0.30 g of a 2% solution of VA-044 is
added. Afier 4.5 hours .1 .2 g of a 2% solution ef VA-044 is added. After 7 hours 2.90 g of
a 2% solution of VA-044 is added. The reaction is continued for a total of 24 hours at 34-
36 °C. The resulting polymer dispersion has a Brookfield viscosity of 130 cps,apH of

25 6.0, and contains 15% of a homopolymer of acrylamide with an intrinsic viscosity of 13.8
dl/gm in 1.0 molar NaNQ;.
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" Exanple 61 To a 1.5-liter resin reactor equipped with strurer, t enperature
controller and water cool ed condenser is added 434.35 g 0&5‘9@@’9 zed
wat er, 120‘609)‘( 888di um sul fate, 80 g of ammoni um sul fateP ‘ghof a 50%

* solution of sodium hydroxide, 50 g of a 12% sol ution 15 (Exanple 21) of an

acrylic acid hormopol yner. (1VvV=1.87. dl/gm,. 306.75 g of a 48.9% solution
of acrylam de (150 g), 0.60 g of sodi umformate and 0.25 g of EDTA. The
m xture i s Beat ﬂZO 35 Cand 0.30 g of a 2% solition of VA-044 is added.
The resulting solution is sparged with_ 1000 cc/nmin. of nitrogen. After 60
m nutes, pol ynerfosl- 5'(!)‘FF1' rwggnemoraaqmppwew@mmmrowwe@mwmﬂer@ad waEft er 2

o bl ut 1 o ClctHagofichser & kAT APE BloDed alel 19155 Do SaliiBinlt, 205 ©F 2

d:j gy(cjir ocC hIt oof agienonivny snlfa& 64 pofia $5%Gol8tGony Eximple 22) wgggomdwmmaqtﬂ Z 7
) er our s

ﬁou(ras 2. 6‘“@@ (tlgoﬁg%?v@ﬁ) %@4&%&2{&%&2/ S Htéonr?fé&y? 9‘? S

conti nued f (2344 gp,cmt(ﬂlg aﬂsodiémkfomase dtid 0333-g GFEDTA. TTiee mixsurt isihiegied l 35P€r

di spersion h Br | d Vviseosif) 1 cps,. a QH. of, 25 6. and
(:onlto ai ns 15% adg)f'foag?fo@%ﬁ‘iﬁ%‘g‘r" M%Iagﬁsﬁddﬁ%ﬁwhﬁﬁs‘ﬁm%‘ﬁ%‘?aég%“g@om ty of
13.8 dl /gmooo cé/nfin.% hitfoghia NCOBer 60 Pnifmités, pMQH%&SQWHUWﬂ&YZl Exanpl e

62 To a 1.5-liter resin [eactor equip ed with strirrer, nper at ur e

control |l er awa%w%qous ARSI ShoMESethS é“’“l“@ iggymalky QW?‘BWQWBT‘S Hided 39 8d
vater, i@l.gh 2% Qtflut?d?ﬁu Sbbist ﬂ’-dﬁ%ﬂ@léﬂe 1s9f>utﬂm'aidéﬂlﬁ%aﬂﬁ1de6 Afgr Of a

15% soI ution anpl e 22) of an | € acrylic °5 aci d/ AMPS

copol ymer (3& hQ}HSv@ﬁp WS@IWHQfUﬁ-%SaMsdﬁGH dhhats, thermpixame de (234. 1
, 0.60 )T ted t
9) g Qécoﬁgsgdl?m Z%ﬁﬁagnﬁ% B Beifdldr v A% IWoHhA. e geat ed to

35 C and 0.30 4|sa e resulting
solution i sh@ngea ofia 206 sohioo 06&’An04|4 is gddedhi Theagmtmnih‘cmatm\&ﬁ fori atotabef,

pol ymeri zatbpﬂ eqi e S_\. hour s,

the mxture”is “gs m#s:” god&thllﬁ? }hgﬁgamgnatglgggpﬁsl S%m@{‘ﬁejé?&"g ution

of 2, 2' 151z0obf 2970icpd. 'lhblthmtlispéranm isi adladal X Srgysfabiidinryaldfate 'mlityw pofdmhordem After
sulfate. The resulting dispersion has a Brookfield ﬁiscosity of 487.5 cps and contains 20%

of a homopolymer of acrylamide with an intrinsic viscosity of 15.26 dl/gm in 1.0 molar
NaNO;, |
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3.75 hours, 0.30 g of a 2% solution of VA-044 is added. After 4.75 hours,
the m xtungooppegyes a mlky dispersion and 1.2 g of a Zpemgdoisd7en of
VA-044 is added. After 6.5 hours, 2.90 g of a 2% solution of VA-044 is
added. The reaction is continued for a total of 24 hours at 34-36 C. At
the end of the reaction the dispersion has a Brookfield viscosity 15 of
2770 cps. To this dispersion is added 15 g of sodium sulfate and 10 g of
ammoni um sul f aThke propestiesexf nbnipmig dispersion polymers preparedinokrafriplas §3-61 ateosi ty of
487.5 cps and coré%l iﬁbl% % of a honopqgl ynmer of acrylamde with an
intrinsic VeCos 3’ .26 dl/gmin 1.0 nolar NaNO8. 50 WO 01/ 18064
PCT/ US00/ 40721 The properties of nonionic dispersion polyners prepared in
Exanpl es 53-61 are sunmarized in Tabl e g% : Table 5 5 Dispersions

of Acryl am de Horol yners with MAA/ AMPS STaS i zers Exanpl e Di spersion

Stabiliger Stabili ZBﬁsxi}sﬁhQOEﬁdrﬁEﬁide‘HonﬁﬂmﬂMtthAms Stabiligdrs)g Vi scosity -

dL/g cps 53 15 AMPS/ 5:17 287.5 12.9 80/20 54 15 AVMPS/ AA 2.79 160 14.2
34/ 66 55 15 AA/ AMPS 2.02 140 13.5 80/20 56 15 AMPS/ AA 3.36 270 13.8

9.3/ 90, 7 SF A oion 7 pShbiizer > SWOHBATV | Brodldid {10 50 [15 AN A M
. I q Concentration | mol/mol dL/g Viscosity | dL/g
_ | _ : | eps
53 15 AMPS/AA | 5.17 287.5 12.9
{800 o
54 15 AMPS/AA | 2.79 ~ 1160 | 142
| | 34/66 |
55 115 TAA/AMPS | 2.02 140 135
| so0
56 15 AMPS/AA | 3.36 270 13.8
9.3/90.7 |
57 15 AA 3.72 562.5 15.5
58 15 MAA 2.45 820 134
59 15 ~ |AA/AM | 3.59 555 13.6
90/10 |
60 15 AMPS/AA | 8.02 1645 134
19781
61 15 AA 1.87 130 13.8
62 20 AA/AMPS | 1.94 4875 15.26
80/20

St
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60 15 AMPS/ AA 8.02 1645 13.4 19/81 61 15 AA 1.87 130 13.8 62 20 AA/ AMPS
1.94 487.5“%ﬁ)%§ 80/20 51 illllll WD 01/18064 PCT/US00/4Q721 Changes can
be made in 2 osition, operation Md arrangenent of FOTASMA% G of the
present invention described herein w thout departing fromthe concept and
scope of the invention as defined in the clainms. 52 WO 01/18064

PCTNSOO/ 40722 i Lt/ rrdrrrrrerrrrdrrr ~ WAT IS CLAIMED IS: 1. A high
nol ecul ar wei ghTChnﬁ%eEmﬁsﬂrHMeQndie%Bﬁg&m Wﬁﬁh@ﬂh@&n&t*&?ﬁ%m@o@‘)kf' el d

Vi scosity of from about 10 to_about 000 cps. at_ 25 C conprising from
about 5 5 efghepwesgnt inypniien %ﬁﬂhﬁéh&@mmouadmaﬂ@g fiont the Fencepiapdenoppofopar ed
by pol ymer igé R9ertidd a& dgﬁng@n{tﬁgf,ﬁgﬁs form ng conditions in an aqueous
solution of a water-soluble sa In the presence of a stabilizer at a pH
greater than 5: i. 0-30 nole percent of at |east one anionic nonomer, and,
ii. 100-70 nole percent of at |east one non-ionic nonomer; 10 wherein the
stabilizer is an anionic water sol uble polyner having an intrinsic
viscosity in 1M NaNOG3 of from about 0.1-10 and conprises fromabout 0.1 to
about 5 weight percent based on the total weight of the dispersion, and
the water soluble salt is selected fromthe group consisting of ammoni um
al kali nmetal and al kaline earth netal halides, sulfates, and phosphates
and conprises fromabout 5 to about 40 wei ght percent based on the weight
of 15 the dispersion. 2. The dispersion polyner of claim1l wherein the
ani oni ¢ nmononer is selected from
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the group consisting of acrylic acid, methacrylic acid,

2-acryl an%cblg gkt hyl -1 - propanesul fonl c acid, acrylam g@%gmhmt anoi c
acid, maleic aC|d, fumaric acid, _itaconic 20 aC|d vinyl sulfonic acid,
styrene sul fonic acid, vinyl phoMsul fonic acid, al I yl
phosphoni ¢ acid, sul forret hyl at ed aH m,m ononet hyl at ed acryl am de
and the water soluble alkali netal ﬂﬁ metal, and amoni um

sal ts t heMGHAT &) CLABMEDISNi oni ¢ mononeY its sel ect from t he group

consi sting of acryl ami de, nethacrylanide, Nisopropylacrylanide, Nt-butyl
acryl am de, and N-nethyl ol acrylam de. 25 3. The di spersion polynmer of claim
2 whereinithe Anﬁgmaemmhtwsteamlwmmsmmpmymahmngabsml ubl e al kal i

tal, | kal th [t t f dt
e namer -1 BrogkReld Sttty OF Somabo; 10 Bybput 23,00t cps 231 EitomBrsing RomaPon T © ¢
PCTNS09/ 49?c?éboﬁt 50 %1§ht‘berc'5ﬂ%fd waRe EGLII8 pél paféd By pRilymesizigaha@érn t he

stabiler 1s an anionic polyne sel ected ftrom olyacr I|c acj d,

pol y( et hﬁra@ragucalcfoaema corglifiops ma&@ﬂwﬁf%ﬂ%q#étwmw 15581 ul f oni ¢
acid); pé%gw@ é%t%ﬁl&ﬁ&%ﬂ?&%&&dlﬂ .opanesul fonic acid/acrylic acid) an_d

pol y(2-ac 1"-"1" Propanesul foni ¢ aci d/ methacrylic acid). 5 5.
The di sper si oni. poI Mmo petcentiof 2t logstons anionjeanenomst.@nder has a
concentration 2o fidHonRET CENt based on the
total weight o the mg%g@g%er%ngncf&%aﬁt%%?lﬁgﬁc Vi g‘?ﬁ& ty in I M NaNG3 of |
f r om adoutwhéreithe ﬂalahzmis an.afiogligvatet Goléble Phlymdi kayingsandutripsi¢ yiseasitpin cl ai m 5

ot o ar y AV g i gY i AnlsfR R pi AT ot RRARARERM. 01 ©

2- acryl anmbsked an ettty wélgmrof)mﬂispukxbmhd ﬂmm'mbraddblb usaimsaeiemd Bdmthe about 20

nol e percent acryl.ic aci .Th 3| on wherein
t he stabi B{OERFORS t‘%f’ %?'?Iaﬁ?ﬂ iﬂee? %Qﬁ‘i'g flg}r.??eé A
aci d/ met hpgdsihdids ad@c ?mﬁﬁﬁm&b&ﬂ sfw wmmwag& ;meﬁnmwd dnGhe weigkt afer cent

2-acryl am do 2-met hyl -1 - propanesul fonic acid and from about 95 to about
15  the dispersion.

2. The dispersion polymer of claim 1 wherein the anionic monomer is selected from
the group consisting of acrylic acid, methacrylic acid, 2-acrylamido-2-methyl-1-
propanesulfonic acid, acryiamidomeﬂlylbutanoic acid, maleic acid, fumaric acid,.itaconic
20  acid, vinyl sulfonic acid, styrene sulfonic acid, viny] phosphonic acid, allyl sulfonic acid,
allyl phosphonic acid, sulfomethylated acrylamide, phosphonomethylated acrylamide and
the water soluble alkali metal, alkaline earth metal, and ammonium salts thereof and the
nonionic monomer is selected from the group consisting of acrylamide, methacrylamide,
N-isopropylacrylamide, N—t—butyl acrylamide, and N-methylolacrylamide.
25 |
3. The dispersion polymer of claim 2 wherein the anionic monomer is acrylic acid or
a water soluble alkali metal, alkaline earth metal, or ammonium salt thereof and the

nonionic monomer is acrylamide.
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" 10 nol e percent methacryli c_acid_ 20 8. The di spersion polynmer of claimb5
wherei n the wat er-sol ubl e pol 1S ol yaacrylic acid/ m havi ng a
nol e rati oWOOVAEt 7:93 for }Muw Uﬂr't"jl acryl ani de?gﬁg%gggi spersi on

* polynmer of claim8 wherein t | si ol y(2-acryl am do-2- 25

met hyl - | - propanesul fonic acid/acrylic acid) having:a nole ratio of about

7:93 for 2- acrylam do-2-nethyl-1-propanesulfonic acid to acrylic acid. 54

VIO 01/ 18064 PCTH}ISH Jolgrhdr o blalrh 5 bbbleln! thd debiitd b shlonte pMlysher T 10. The

di spersi on pol yner %e cl ai rr)llﬂf‘s V\hera{en!ln the stabilizer 1s C‘My%l

pol y( 2- acr pelestediiomn polyasrylid acid, poly(ragshaeryli¢ 4cith pely(eactylamidesemsthylel-add)
i si ng-f . , - . am do- thyl - |
or opanasur PRPRSsRA ackd) paty@ M ani 2 WAty IS GHbs oRE BUAN OsG0 ™! 1Y

met hacr yl i endipolg(2-atiylanfiie-2dnaindrispropanesilfpnie acidimetiagrylic acidher ei n t he
water-sgl ubl e polyner is polyacrylamde. 12. A nmethod of preparing a high
nol ecul ar wei ght di spersion polynmer having a bulk 10 Brookfield viscosity

of from abgut 1Qhd dispebsioil pohm&@ @D clafis 4 aithen the sisbillizer Bastconpenbedion e a
free-radical i%itiaytcsor {’o %n aqueous m xture conpri.sing; i, fromapout 5 to
about 50 waRPRHAPORA bR velght peroent Bated o1 e gapreiily o e SigerRRAR of o

| east one anirhsic AROSHNED IMNaNO) of RoiBbdit 0.95 tPdbouf.0 alg.| east one
non-ionic vinyl nmononer; 15 ii. fromabout 0.1 to about 5 wei ght percent
based on the total weight of the dispersion of a stabilizer, wherein the
stabi | ijger ¢i s aphogbRRich yirRdr of Slattds VhBRIMAESabilbAY s PBLAS-ablabridtss.-C

vi scosity i6n 1M Na of f_rorpraboqt 0.1- 10.qnﬁail{i‘% ° ro%g ut.15 to._about
40 wei ght meethybdtpropanestlfonic adidagpgligpnid)spmprising fiom pbout 3 dmalwiut 80 maleer sol ubl e

2 kal e oRreRaapHRApR BB Rt T EE klan gl 67 b ™ 21 21C

mole percent acrylic acid.

15 17 The dispersion polymer of claim 5 wherein the stabilizer is poly(2-acrylamido-2-
methyl-1-propanesulfonic acid/methacrylic acid) comprising from about 5 to about 90
mole percent 2-acrylamido-2-methyl-1-propanesulfonic acid and from about 95 to about

10 mole percent methacrylic acid.

20 8 The dispersion polymer of claim 5 wherein the water-soluble polymer is
poly(acrylic acid/acrylamide having a mole ratio of about 7:93 for acrylic acid to
acrylamide.

9. The dispersion polymer of claim 8 wherein the stabilizer is poly(2-acrylamido-2-

25  methyl-1-propanesulfonic acid/acrylic acid) having a mole ratio of about 7:93 for 2-

acrylamido-2-methyl-1-propanesulfonic acid to acrylic acid.
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b) polynerizing the nonorrew
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20

e Wy

10.  The dispersion polymer of claim 8 wherein the stabilizer is poly(2-acrylamido-2-
methyl-1 —propanesulfonic acid/methacrylic acid) comprising-from about 20 to about 30
mole percent 2-acrylamido-2_-methyl_-1 -propanésulfonic acid and from about 80 to about

70 mole percént methacry]ic acid.

11.  The dispersion polymer of claim 5 wherein the water-soluble polymer is

polyacrylamide.

12. A method of preparing a high molecular weight dispersion polymer having a bulk
Brookfield viscosity of from about 10 to about 25,000 cps at 25 °C comprising
a) adding a free-radical initiaior to an aqueous .mixture comprising:

i from about 5 to about 50 weight percent of a mixture compnsmg 0-
30 mole percent of at least one anionic monomer and 100-70 mole percent of at least one
non-ionic vinyl monomer;

ii.  from about 0.1 to about 5 weight percent based on the total weight
of the dispersion of a stabilizer, wherein the stabilizer is an anionic water soluble polymer
having an intrinsic viscosity in IM NaNO; of from about 0.1-10 and

iii. from about 5 to about 40 weight percent based on the welght of the
dispersion of a water soluble salt selected from the group consisting of ammonium, alkali
metal and alkaline earth metal halides, sulfates, and phosphates; and

b) polymerizing the monomers.
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