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catalyst at a first catalyst flowrate into the reactor; d)contacting
the first portion of N-vinylforrnam de, the first portion of at |east
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that fdikeows nay be better understood. Additional features and

advant ages of the invention will be described hereinafter which 5
formthe subject of the clains of the invention. BRI EF DESCRI PTI ON OF

THE DRAWNSGEARY OF THE INFBNTAONDr e conpl et e under st andi ng of the
present invention, and the advantages there reference i s now nade
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o fiectomit Er!ortr)g%) graphrc analy
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conpar at i ve(xydpo §9tr 1 mhl% bf Neasylfiomamadesaind uni nodal nol ecul ar wei ght

di stribution; FLgure 2_.is a gel pe i radi enf el utjan .
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havi ng 3@ 16! 100REBL offile e&uiyagrdﬁﬁb &0in tdé sdpolypntirized unikE) 1©45en 2mind g@ogRland
perneation gradi ent el ution chromatographi c anal ysis chromat ogram of

an i nvdrm JEtocldfarsl ol thanGi-Ree alkylerieperarpsfinm dig copolymerrrd units (b) to form
i Sier | on: . : . . _ r _
chS i aioRlgrouns, whcrBH i chofinflr 852 o SRR hIEhull S8R oMb evidenced
havi ng by essentiadyaine pedkeial gel pemiegtion ghadientichuion chronfakapnaphicanalysia. gel
perneation gradient elution chromtographic a si s .chromat ogr am of
D 50-1 nvnt GO0 BRAepH Rl EherGng L oo At S GBIV cpiPrses 2
distri Qgﬁélﬁﬂérfomed}ﬁi%f,@n@ﬁmgﬁ gel perneation gradient elution

chromat ographi ¢ anal'ysi s_chr omat o?r am of an inventive copol yner

havi ng a uni@da sl lemal®apf Nevigriformamideiapdt i on; Figure 7 is a
gel,nper neat | i i C r aphj ysl

O e L 8L P LA R TR SR U RSPl S S AL A6
di st ri Boté 000 m3BEbHthe orthyl groapg Gbmitde copalynmrized anlisen) todbii amimo groups and

chromat ogr aphi ¢ _anal ysi s chromat Qgr am of i nventive copol ¥iner .
fromn 30 to 100 mol% of the C,-Cg alkyl ester groups from the copolymerized units (b) to form

hydroxyl groups, wherein the copolymer has a unimodal molecular weight distribution as evidenced

by a 4 wt% aqueous solution having a turbidity of less than about 100 turbidity units.
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Figure 10 shows a 13C NMR spectrum showi ng both the presence and the
absence of an amdine ring in the instant polyner. 30 DETAI LED

DESCRI PTI Qo Q1072 NVENTI ON The foll ow ng detai |l @¢Te&s6Hiexhéson
is of the best currently contenpl ated nodes of carrying out the

i nvention. The.fdesariptiaqn..s not be. i

but 15 ade A Gk Prefor T et S Ao Pt it kPl oBfibiifes o
princi gbgsty@ér folieed tvepblyaieriziagnce the scope of the invention is WO
2010/ 030372PCT/ USZOQ,QI 005098 best _defined by the appended cl ai ns.

I n t he ®drem@P iyl mebeof pryiaviformamide’d specific details are set forth
to proy me LG O e ¢ 19%ng from 30
I—|oweve\ra,))dt?c%rﬁl\}\ﬁk{;?§ e 0&3?@‘5@%@%@%9 kaI%i %]F%IB:% fF:irs]s ?Ldeﬂ)gl‘r(?@hgt %hgm 0
pr eSentl 0D moditof dre foayyllzeoups fioti the dopulyrherized suith(a} focfoith amirdegrappssind ffrom 30

ot her in nces, | ]-kn 5 devi ces have been shown .| | qck

G agr aif FOTPAOGIE b AT i5h GEUPE PRI FROBeT Ay B Bh o bydrony]
unnecegseipY, Witdréth khe dopblyinbis¥BshtiflBY free cfainadihSrinkitHe CORISRIEY bl @ 18URtoTian
a conplete undergtanding of the present invention have been onitted
in as rbeption isactC NMBispestrame! e sopplymsecaistenswith ap amidippscagion atom
or di nar, so\?#dl in the relevant art. Terns used herein include a
reactor, Ch is defined as any container(s) in which a 10 chem cal
red0ti on ocduyea stilhandiberdsgeet &f the pickent imvantionyb eroces te plvdoee 4 watet-baduble
Periodic Table G oups are used as in CHEM CAL AND ENG NEERI NG NEWS,
63(5), coRelymerHP ty‘?@tFpst&fy be used to refer to honopol yners,
copol ymers, i Nt eERPsKFR st pbRICAVL ¥ ARASamRinf of NivkiWofRami@e 4P 8 rAGRYE;

may refer to a polymer conprising at |east two nononers, optionally
with ot her mbnonebasging\a&inst porsionyla totplamanpefas tpastong yinyd FpChetiiyg ester into
nonomner, 1_t‘,ttlcqorrrunom&*r is present in the 15 polyner in the polynerized
formofthet e nononmer or in the derivative formof the nononer.

Li H6W se, when ceasminysislyfeadiopefirs partiondé a cotalzacuasofcoiqe radical polymerization
neutral stable forns of the conmponents, it is well understood by one

skil e&awsﬁﬂéﬁéﬁ‘tc?@yﬁ‘aqo‘ﬂi’ée f€ 7$46519% of the conponent is the form
that reacts gy t hedfignp W&&@o@é%ﬁ@lfg%ﬁl{ﬁﬁé,%e At %bg'ggn b4t %485 one

structural fornmulas are enployed as is commonly understood in the 20
cheni cainyaCi-€0 dlkylester, 'in the peasentetod thecfregadienal pa patidneatalisbendse n

atons, as well.as t a "asspcd.ated with", "bonded to" and
"bondi ﬁaﬁa’megﬁmﬁg n&ﬁ%gﬁ%ﬂgﬁ%tpg%?ﬁgen ?’ng a certain type of chem cal
boad, as thegpe | afiashafitt phiod o simr! eontinanislyt foediggpfoe 2 8edond péridibefitind, a

bond"; a "chem cal _bond" defined as an tractjve force between atqQns
that i $c9PH BAFIR ﬁéﬁﬁw-vwlggwgwénc %@am&&gf}%éwffem{ootﬁf [FAEtT BhilGs
a unit 1sir8ﬂm£@dﬂgi§%goa B PRH¥n of 41FeaRf GRSyl CLGMIKARSQERES Bk rdactor at an

provi des a wat er-sol ubl e copol yner conprising a copolyner formed by

copol ywester iow ate, (veliilefsinuuttageously feeding 9sesbndpartioy df the eerradéicabprlymerjzation
from1l to, 99 nol % of I re, vinyl Cl-Ci | kyl. [ S .
nyalr of §3RNE AP oiros cRaD TG R i ef feoit lf o tEh Shigii B ok R 1o
copsl ymRicuARs the W iviny{fermirmide chetcdaliaidugr sthsviayldC £C g alk3Destd, 4l tROfdtal
nol % of the Cl-Cl0 al kyl ester groups fromthe_cqpol ynerized units
(b) t 0 aMEHRY ﬁmwﬁﬂwb@emwgﬁlﬁba‘@dﬁa &Hﬁwrﬁ%waﬁ%i t nodal

I | oht odi . Cone | _ . . .
mol-ecut ar x:g 9 fogfo%a 5%%ﬂt9&mgf@r%gg%g§gd gi‘;mne, tﬁél?—yﬁﬁ?%f&%ﬂfhde and the at

nmol ecul ar ght distribution I's evi essentially one peak In
a gel pesnertvingh CgCagilkyitestet inthe presénce pfithe drea pavical poipingszagion natAkyst in the

'ess. t Rei5 AR AR AlB oGO ARHIOLT R TETER A A3 HBEH RIS o
ASTH 6 ol DAAEROR ARG HS30RBAEATE, Dl AR cersprpaamAi period o

met hod, and/or wherein the copolyner is essentially free of am dine
rings aisnecsxpiesivkan thysolids goensiof the inlssmediate sepolyiney in e regoter dpgreater than or

of the ;GORQ) WIRE 26 ABR aid R tth bPeqifll AHGLED Gt 0AlaYy absor ption. A

g) saponifying the copolymer to produce polyvinyl alcohol-co-vinyl formamide

h) hydrolyzing the intermediate copolymer under either acidic or basic conditions to
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vinyl acetate, nethanol and AIMas initiator. AIBN is a free-radical
diazo type initiator. The 20 deconposition products fromthe Al BN
initiator wpeewesshder ed ha7ardous and toxic. The pol ymwerhaadoboisodss
run to very high overall conversion to mnimze the residual vinyl
acetate gnd F non MBrs. his results in non-uniformincorporation
of theP‘i?gH ??aﬁfﬂﬁﬁ EAEPPBPSner chain; this is commonly called

conposi ti onghe firdgbing hhS BuhiRRPIaHER brohdly thefdataktd hRE tedRhit4) advantages of the
saponi fication and hydrolysis, same as above. 25The effect of this

drift presendbwenticadnionder Hut therdeiaileddesoriptinaaf theniavention thad follenis mgyde better
ti d i t i fi . .
nyar of i8S Rpu@bod BRI Ry o i nlcBp RATEL desBiArofnate which

reaft i femaheRdietof the tlaimpéf the invesitioni nce ami dine rings are not

present in the polyners and thus nore am ne groups are avail able for

reactions. 30 Pol yner Conposition In an enbodi nent, the instant

copol yBRIEE PERECRIEHON OXITHA: PRAGVIN®S et i es or residues and vinyl

am ne noleties or residues. The instant polynmer is referred to herein
sinply as the pofonaimgyi camplets wdpstapding of thegtesenttipvantion, abd theadyanteges

PVAM |.n a odirent, t olyNi nyl ani.ne cqpol yner .conpri s vi nyl
R e R A o S s s e Yy
req;@dug&oﬁ@m@iﬁgad}dﬂmgg,qaoﬁwmr. In general, the polymer is the result
of a process, which includes the steps of hydrolyzing a copol ynmer

conpri si ng Bigure-Iis agebamaeationigradiond clytien ehromaiographinanalysis ehromalogramsof a

prefer ! j i ol i : : basi c
Cond t FrparVRpAFRCa ok Bbismol el EhAB L BEf ol e Ml Ao P o
N-vi nyl f or nBigiuee, is higel pepinegmharadiat elitian diromatgrapbisianalysie clamind®gram of an
cont ai ni ng. funct,i onal qgroup. Productipn_of ol.yvi nyl am ne

copol yWé’?‘%fVﬁé‘PB%lgge’ghﬁY %ﬁ‘“ﬁ}‘?f’éﬁﬁ(’i‘iﬁ nggé‘i 'Eiggg(?h | yner of vinyl

aces at e andrighe 3\¥s WigslpermibaiRon wdiend elufiys bﬂb&ﬁiogra%aic&nﬂggé Eiombtogtam of an
| east about 30 nol % pref erabla/a*40 mol % preferably 50 nol %

pr ef er ENERHVEGOPRIYIET havirea wingdat analesubay sreighp distribytef;er abl y at | east

about 80 96.Qr, 00, . 0
pr ef er abl ﬁ‘ﬁ“fg elialgtB gg%%eg@sﬁhﬁdgonggmhg@&ogﬁ%}?ﬂ%ﬂg g%{% ycr#g(ra{o avi %fgan
essent inxkidtive opStympchavingsi witnedal gnodecular weighedipribbton;ed. The

hydrol ysi s m caryied out under idic or, basic canditions. The
basi o vondi REWE S8A EELPErEs B S YA g Ry o BB gL kAP TS ShrioggnLof an
capeti ﬁweﬁtmlcbpo@ﬁaﬂm AlinidodA widldcalad Weiht dispibutielg caustic soda or
caustic potash. The al kali is usual Iéﬁadded in an anount fromO0.1 to

10 equi val efigyre 6igaigebperpeatipn@ralient clgtion chromptographisapalyss phramategrags of an
the to ter. I .ant slurry may be
cool edﬁg%&{q%%gggﬁ%ﬂ%gﬁ%gn@é%%%%%ﬁg%{ ﬁ%ﬁ*}l{&%ﬂd by any suitable
means. The Pigoedsis agalypeansamionpeddiche ehtiva siivomgtogtaphicvanslysis chroimetogram of an

col | ect ed pol r is washed.to,renpve any.inpuriti.es. Washi ng can be
of f ect BHCHIYEIFEOIVRISHIAiE 4 Wimedal AL NGieh SFERSiotne mamber
sepgcted fromut)s 38 gal ﬁé@ﬁ@iﬁon%%'aﬁﬁtﬁh dluvish Sl!iroﬁb'fat_o%%lﬁﬁranhl ¥i€ EhroMatoglam of an

salt water in order to renove the inpurities in the polymer with a
m ni ni inventpisloppalymehayingeomimodal molesulap sieight digtribytionie copol yner

preferably has r - L) ST X

cri2--catir l-g‘é]icylg ?]lga[g%':ﬁ%ﬁ% %ngﬁ%fklmer%@tggoﬁgﬁsbﬂd i CHLB where m
is 0 to 30 Piglre 1Wshows & I NMIOspettnen Shovdiny both the prescdfe anml the Shservechfvin
is1to 99 mle % The re?ulti ng copol yner can have any suitable

mol ecufBKIREIMgHR thedpstantpolymeray er age nol ecul ar wei ght ranging from
abggit 10,000 to about 200, 000. Suitable free radical initiators for

t he

DETAILED DESCRIPTION OF THE INVENTION
The following detailed description is of the best currently contemplated modes of carrying
out the invention. The description is not to be taken in a limiting sense, but is made merely for the

purpose of illustrating the general principles of the invention, since the scope of the invention is
5



30 polynmerization reaction include organi c peroxides, redox

catal ysts, and azo conpounds which 8 WO 2010/ 030372PCT/ US2009/ 005098
deconpose WgdefeRkyMeri zation conditions to give free pegfiss@bBosoos
The polyvinyl am ne copol ynmer of the instant application conprises
resi dues of vinyl amne and vinyl alcohol. In an enbodi nent, the

pol yvrh@ﬁld%ﬁwﬂré}'ﬁ@rﬁﬁpﬁﬂﬁ*é cleA%hri ses greater than or equal to about

0.5 | %

0.5 o 2 v Ptk g Rl S s B0 O3 A
pres e_ntmdeVMatnldir? oﬁ'ﬂ'teﬁ)reﬁaﬂgﬁyeﬂtlbﬂ Hm.lvw;r,nwuamdmetom tnodhymaar_kll]@derﬁ thea| tiyat
conpri gses greater than ua abo m _ne

o of or DS PyeYEH diyeRtion ay, %Pragiqtr&mofa Uﬁrfpeﬁ@ae%lsgtﬁ&f@f o welt-kpown

tha® O0fe RGN BhveltReR BN iR b1k Yiaghin® FinAR lo¥ded h&ab @bsduftpthe Pres@fl irentich in
about 4 nol % preferably greater than or equal to about 5 nol %

pref er atmeyesgam detail. Fon the roest e@rmadetatla uppseasarg torpbtain anostpigte undersndingcf the
th f |4
about _Eertr By liPeiapbied ofBiadd ind ik aF hith el 58 st RG0S of Pins of

pr ef eraﬁaﬁm;ggkﬂamaheiehﬁﬁmmﬁ equal to about 10 nol % preferably greater
than or equal to about 15 nol % preferably _greater than or .equal to
about 20 nolegns yssskhsrein nelude @deasfory whigh erdyeéa%tsw copiginer(9dn ﬂ@t%

Pr ¢ er ghlyicd ﬁﬁ@ﬁcﬁf cthrE‘nAgrus&ﬂﬁ@émttﬂe ﬁmﬂﬁm&t‘lﬂg%k%m@fo?ﬁﬁrﬁmﬂicqfa%t er
t han or equal obout 35 nol % preferably ter than or equal to
about @mmm%mgt@fmmmﬁgrwwmm@ﬂsw@éﬁmy ({188 3b Balymaps may bypsed
prefer reat er. than or bout .50 m)l % a

brceq Bielen RPN rePos iR n SR oS ol Rer s S oL i, S Belfmer may
Al so metétlt@abayﬁlefwmsutgmlmwlﬂmﬂmam otionapivitiethepihenels) y
conprises |less than or, equal . to about 90 nol % vi nyl am ne, ibiPreferably

| ess than oWhEQ]ﬁHPlYWG“élS tfe‘k@ FEPOIPTISIAG R FICRPHET, #@s@ortori%ﬁﬁl resegtigithe o

abpgit é@rﬂw 204 Yo % B@Hoxﬂ%‘ or %l‘: dEl‘Pvzﬁn@ WPk tHPJm{Qmmer
| ess a

preter an 20 or equ to about 50 nol % preferably Iess
t han 0L1keq'waJ when catalyst codpomehisarepiesdribed bl sonipeisingtrisumal stablecforns efghe

bout 25 mol % f Ly, | th . bout »20 .
or ot or GomipiraedC e Brenkiond Y pod S in B R AP B IGHE 8 e bomnopept s
or equatef&ﬁa@btqssctsl@lMe%owﬁﬁroq%ducépaﬁmman or equal to about 9

nol % preferably I ess than or equal to about 8 nol % preferably | ess
than or equAs used hersiy stractyrgl fogm Féﬁﬁ‘@l‘?’@é%‘écﬁﬁm?n@rw’éﬁ‘ﬁw fibthspout

6 55! ‘V% ats&satthg ¢O Lttartoper g.ttatsot b@w&. ts/evaraeth%aatas

| ess than or edua a out 4 /q pre era an or equal to
about Saspaxfiiéd withet Eromided/tof’ @and “bdmlmga,rareqmainnted tabemtsemmgﬂ tfmpmltym afyl .

am ne, based,on th t al a unt of the vrn r .
D1 6 onpHeical ot s esedisis arhRHEses siranciat Brepratral a S mirL BORE: o egise
of t hebmf’rdufmlas afhfhacHRelcsHRwedR YtolR thit @Adthg h@IEheé patitthe tembined
about 5,000g/ mol, and |ess than or equal to about 2,000,000 g/nol. 30
W t hi naggﬁwtertaﬁg@twrt%ﬁeamt,gh ‘comporade nol ecul ar wei ght of the

poby Vi nyl

ot o ot er Srey GRE B B ECEAARly b et @ aler SRR mi hortiling o
t han abtmﬂyn&efcﬁﬂﬁdbmmlpnmmgbl y greater t han about 40, 000, nore

preferably r t han 000 re, preferably greater than
about 60,0 3%9@?‘8?%‘%%"’@3@ #3H about 70,000, nore

prefer labngr eazigqﬁot%t@rbnelmﬁor@% Cr;mrgr 2@t eha ey HARM AR fdhan0 to
about 000, nore 9 WD 2010/ 03037 2009/'005098 preferably

gr eat ef04 tnat% eftbe formybgroops from tke qsr@eb@eamd,mgﬁ éaitte formhaming geoups and from 30

o oulaAOTRY ot s ool et el ek B AGR0 PReRihls RS 89 by

t han ag@ups, iluh&@m 86 Eopolyaried has & heiirmldblmbleadartwrdght altmuliunbnﬂﬁﬂa,mtﬁbodtmm

preferably | ess than abqut 50Q, 000, nmpre p eferablaﬁ | ess t han albout
the unimodal molecular weight distribution'is evidenced by essentially one peak in a gel permeation

gradient elution chromatographic analysis and/or wherein a 4% solution of the copolymer has an

APHA color value of less than or equal to about 100 APHA units determined according to ASTM
6



WO 2010/ 030372PCT/ US2009/ 005098 I n an enbodi nent, the gel perneation
gradi ent elution chromatographic anal ysis includes the foll ow ng

steps and wgadjmbmg HPLC conditions: 10 m nute run t ipga/oskéodossods
m nute post-run equilibrium 5 Solvent starts with 99% Water / 1%

h
200 of P08 Gt Ertiprble bl B afob HhRin B Copohithe P sscichlly BEZbAaBiines
lime. H @Menﬂ:ecﬂbyﬂmmomi dbsarptibi gCNMRQﬁectﬁmMﬁIh@mpoli@ner cdnsGstennwith an
tenperature at 40C | njectjon vol ume: 20 crollter 10 Sanple fl ows

into afmdingfIrbomaRm p ngn°§cmrepff5ﬁ§°rd>é? tngrsu%*ms ymer s alsp disclosgyl
through t herhPldpofalcdht feﬁ!bg, R écfogigémglygéc&mﬁanga% Jlédawt,aéfﬁuﬁ’cps,

m /mn Nebulizer tenperatur oration tenperature at

120% Damnmea;onpamsoft& Brmplgs, takix sagh%/amﬂ aglatiles Grﬁ&b o?@hcarpﬁvyvay@s dnvelcsmhdiféers
pr epar takes a 1- pe ent tlon d heats el hour
Wil Bbrips heer i Sncidlly A SRRl d o R jatilers
20Fi | 't aged; ViAugBag add %vxhﬂ(lql’oﬁﬂalfnidet(ﬂvm Nir®béh @ddedo Meaeactdr G4 fmd to

shows a conparatjve perneation gradient elution_chromatographic
anal yspehieys &ﬂ%u@ma%&kgmap@nem@eﬂmm polymerchainy fbyseeendgregmpdds the

o il o 0l B TV LR OO .

ont0 pediitiator).aThedelged rﬁwdtof e tgfbalﬂormrneredesultsoma atorouE fanged picbrporation of the

R e e T e e

t ypi cabf ffeeSASkbrhd? thdiSa rﬂﬁb’dﬂ.ﬁur@fNﬂDHah‘ﬁé&esﬁlﬁhgmﬁﬁi of potiRein Hiethanbmethyl
addition, a slight tailin der on the peak as seen in Figures

5-7 i sadetpte @urqs@fb@sofrﬁ@ ﬂllﬂeb!ségfé@é@ repeovfthexsolyeptsiesereialiydheaethyl acetate
ht

o B BBl b8 wid e mlaf il ots 80 e RGHOFAE BedHoneld i6 Bt et o

a 1mi rﬂmlaahethmioda,(anleacesmf Igm)H(iQadﬂeé;andbbm theislagy Mededm@cbmp{etaﬂib W %

aqueo | ut ha tbidity of le t han about 100 t dt

0 Ryt bbe Ao indtiondlieg e inpeed enie, e RPEAEObIRER ST 4 et

Tur bi dhdrvhdMi ddorleNTdehution (m. HelspdrificPA Wyl Qﬁnﬂespepha et er, the

use of which is conmmonly known to one of mnimal skill in the art. In
an enbodi mehte pnqr@ntpmqgss@ndsiy thefNKF oppmiesis] twp iporions tathe fesetepihat ¢andadns the

than o

o o MpfHSare, et ana WS e "R s el B o b ipiiator, The
ezl ﬂ@oﬂipomho@ﬁodmteﬁenabd HIBN sisitisthaare oon sy hazﬂdamnmﬂ t@ﬂc The

r ef er ahl Less than or e | to,about .75 r ef er gbl r
oty pevhetion s rop yesy e oviRUSoRRsiOR o Biniae B8 ot Vigy @eaft and
pr ef er RMPmbfdnserd. MPHs RkulBAH AbnuRifeRPiHcoPBratibh 6f Bk amnxmhgsaw%hﬁ@paﬁner

equal to about 55, preferably |less than or equal to about

pr ef er eligity this iscommandincatied sefupesitionabdrifyit Thesopolymerds Hienpubjeeed tohan or

equal than or equal to about 35,
preferE%Pﬁgges°§$Hh2%W§ a%%?éatsggg Sout 30, preferably less than or
eq@®l to abDhdeffot oﬂahsfdﬁﬁabﬂswbbm&i inhhsnfoamnatioplhatowhdnohe p&l@memasmmed
| ess than or equal to abo bei ng still re refer .

enbodi mﬁterattﬁ@% nm‘r? Ty dropesdim Wylenféd@&'oaf the instant
anai di pavhtRgs: mIJelréac&Oe wﬂsa?ai t%sth@pﬁ@r%mlc@ 'aﬁﬁ&xh@ﬂﬁgs%e 9& ptrél@nﬁﬂﬁiie

in the Internedi ate copol yner prior to hydrolysis and a random
pol yvumlymaman@ﬂweprmmemsmaveﬂMmonSS essentlal ly free of
am dine rings as evidenced by a | ack of an absorption in a 13C NWR
spectrum of the copol yner consistent with an am di ne carbon atom

abs®r pPbI9ier Composition

In an embodiment, the instant copolymer comprises vinyl alcohol moieties or residues and

vinyl amine moieties or residues. The instant polymer is referred to herein simply as the polyvinyl
amine copolymer, and/or by the abbreviation PVAm.

In an embodiment, the polyvinyl amine copolymer comprises vinyl amine restdues and vinyl
7



The process by which amdine rings formin the copolyner is
represented as follows: NHINH Hhl,..,"0O0.NNI I,Nl i,Nl I -1 ../ %

C H c% HWokbiownsozrz Wierein am de noieties in the copacimn@nogopsnds
via intranol ecul ar reaction to produce the am dine rings. The

presence of j t ] i j

10" andage Ry il AAR0gR Rl 55 QRS Y po OISR Te MUY et LR
pr esenarhdés tha sepscfffydrodyringa ¢édpelynadn gempiisiddah Npinylayide nolit aad enceor more

amdine rjpng.is present .in a copolyner. |.n an enpodi nent, the instant

copol yHe asc_@seg'@ﬁe prafarsply vigyl asplatmis weilp #ﬁggfs“g’sbmé*(ﬁff‘délﬁegc? : cgopdiige.
of an gRSRALRhYIAHide inft cdrbe HVRAERES! instah@! frbAN-SRRROMIIE MFin§labthmide,
with an arni di ne carbon atom absorption (e.g., 150 tEm or ]

equd v ahmtier.apy 2Eitableramide eorntaifing fendtional geanpvPreducti@vef thepolpyioy! amirei n

and Borte Edgar, (200 ' Mechanj sm f or _BRase dr ol vsi . )
Bol € NEHRlE S idst & yeeby TR P aopBRREL A atthed afl the pevipyigmide
44:5, Bftfergo 1BAr01 fo aldeprd 30 ALGAD A0 70 indB% Afrdferably 40 mol%, preferably 50 mol%,
URL: http://dx.doi,org/10.1080/10601320701235461 12

WO
2010/ 0BGErshhCG) welbaremblol mol” of mors, iRy adeast shout $¢,mek or more,
copoly I A 3 .
CoPo! Bl EREAL 8 9 g ANIDY PR USH 3SBI i it
copd! ynepohyafer hiveng estaialyil00%ritydodysisteingntiianerd pteferedpol yner s known

APHA col or 8 aaRroh e Fiiedpit i ok Btie COBBIRBr S icom4iB0n can
det er npogdated W&d&i.@% Dgrdng alQMMuh 208 cAisti@alkANEXERAP]e of BENRHc alkali include
Preferably, a 4% solution of the copolyner has an APHA col or val ue of

| ess t Fastiosoda qu@ausu@p@mbuifh@@#alpkseﬁ@%lémdged iaeg apmeypt fipm O g)10eguivalents,
about I . preferably | ess

t han O?@%ﬁ%%ﬁﬁ%?&%ﬁ%&%&&%ﬁ%fc gélg gl;l/{ﬂféﬁsegot fzglwm(’)nrz'g'%quaI to about 50,
pr&5er abl y Afeshytlldysis) thearegudthnt shurajomay bel@olqdranfl eheadoliyt chrebssephated from the
equal t.o .about 30, preferably |ess than or, equal .to abouji 20,

oo or iBHig oY SRS HLE M b ProcE Bt AorigU vt ratiits S YhwEdehe seleeted
equal ba[yam%a&ea%%rﬁwetaﬁy dap@tEs st @h GeRedtad ARl WhiabR@g lighida
conpar abl e met hod. The i nst ant copolaléner al so has | ess of an

odor t bemPrisnge kestrapeimeambss ssledted, from ) av aleehndl 3) eldsvaterah Qs or lgwes of 3)
¢ educe fibier HORREIdIefol® pikARhios ARE dolVifer SRR Blocd pOLRRTRNL.0)

Po29ners  The instamgadiytvinyh amineeopsigioanprefecdbjywhas ylhe suctuee: copol yner may
be combi ned with various honopol ynmers and/ or copol yners incl udi ng,

but not limted to water-soluble copolyners of N-vinyl pyridine,

et hyl eni cal | y, urtsetizt ARraRRH-CHe-CH e Hgnmoni um salts, such
as vinyl benzene 20 trgmet hyl q’;rm)ni um glth oride,pgm nbet hyl acrylate
hydr ochl ori de, N-net %am no & hyl acryllate, N, N-di met hyl ar ni noet hyl

met hacryl ate, N, N-di TRyl ani nonet hyl - ryl am de,

N, Ncl i et hyl ar ni noet y N-acryl ami de a the like. Preferred are
pol ymers containing a plurality of am noallcyl nitrogen-substituted
acrylam de nmers, preferably wherein the am noallcyl substituent is
hydrophilic, e.g., contains |ess than about 8 carbons. 25In an

enbodi nent , whdie nPRloWY 30 ¥hol@®d; ne copol ynmer may conprise various |evels
of hydrolysis with regard to the am de groups (hydrolyzed to am nes)

and/ or the ®istlete 9gmenlp&o;
25 x is 0 to 30 mole %; and

yis 1 to 99 mole %.

The resulting copolymer can have any suitable molecular weight, such as an average molecular
weight ranging from about 10,000 to about 200,000. Suitable free radical initiators for the
30  polymerization reaction include organic peroxides, redox catalysts, and azo compounds which
8



(hydrolyzed to alcohols.) Suitable |evels of hydrolysis include a
| evel of hydrolysis preferably greater than or equal to about 85% up

to about 9890%%wsvitzh a | evel of hydrol ysis of between 8@rais:@9008%0s
preferred, 91.0-93.0%still nore preferred, 92.0-94.0% still nore

preferred, 95.5-96.5%still 30 nore preferreq, 92.5-95. 5%still nore
pr ef er ﬁ‘?&fnp%.‘ﬁ‘-dgé’.“g%%'ﬁ?‘?n ‘Fﬂf}fiﬁ‘oﬁF E’fp%?’er Eﬁmahc?]ﬁ' greater than or
equal to abppd podimit aﬂﬁie%p@l&ilnlef pﬂﬁlé fisRhE{pliERRdn cEﬁﬁrideQ&‘itﬁJe]% ¥f @hylimine

4% sol ution of the’instant polyvinyl am ne copolymer may be from
about and\indlslsgholgdn axpembudimentGhe polyzinybarhive copolymericRmppisssyapeatgy|than or

ool yrre FRE B 0 B YindEggin e Wl il fp &P a7 BPRYES g o
VO 20164 5i30aA120nGTit SAROHAPARAWRiASEopdBher bresenoWigiin firaggeTeitpoliviyl

pol yvi ny]l am ne copol yner has a viscosity of about 5-6 cps, .a degree
of pol FRIEicoRALYBE Resferably sompreesigseates shans gaua! fmakont Ll vyl amene; o

50, 000k, %%ﬁ@ﬁ%hﬂ&%bo gqn&%, )Siééfé}%tgy gf%?m%ﬁ.epwfo b8t Pmol%,

Vi scosPty 0 out cps, a degree merization” of about
1000 t prefesdhly, greater thar\dy eghalab abdut 35mEI0Q prederdtsly ga@r than oneqablosbpatd Hol%,

4 cpetesirul o e O SRR Paen et 5830 duafle ORI me
abput  J31dbiy dreatérthAl6k equal to absilt 8HES1YR PEbérabIP BreARY thah SPedil ioibbuitelol%,

in the conposition to inpart properties desired for the particular

arti cl Brefrasbhpgrasienhamenaquel to s 16 anlts preferably prgefer thayer ggual tagbout 15
Necessgbioh ) réf%ﬁb Hedhd? than dr b 1o MBS D106, PHELEbly gheat 85! RS about

stabill zersp, rocessing aids, plasticizers, fire ants,
ant i - f 29matjenireferablypventsy el or 2okl tdrabout BEmol%, mefemibhyopteararthan érlegual to

ool yfstt Famplh AR Belt s & ot b oub B0 kL. ity Wyl it or egual
r e, toldbBut\dsIRISS, biféreblp bRARE Blah Yor BqiRRioboli Mm% ﬁﬂmyltaﬁ]jﬁé Bhided ba the

preferably greater than or equal to about 20, prefera greater than
or equigtal pouofithezolyvpwbamingisppolymerpresent han or equal to about 40,

preferably . . r
Phan or eques piin 8 el A8 pof5aiif) sohfle B3 et o8, SN Nen M8 Moy
70 cpseaqial Babout A0l Y wilwl anify, preferalge less than or sqpabiotapouts80pna e padferably less
| ess than or equal tq about 190, eferably | ess than or equal to
about  PABOT ek e AapHyTO mal. pirlrab lest fbar of Suabis aboutl mojvés Pesserphly less than
| ex5 t Gradqualito 85BHRK0 hid1%RPsreterabbPleshad 61 AhMo aBsift 3D RRILOpreReAtd lekPthan or
about 150, pref erably | ess than or equal to about 140, preferably

| ess t tanal torabeuf 24/mal, pisksebly as thes opequabie abowt 20Hpolpn preferably dasy tian pr
anm ne a | t

R L i e R e e R T A
gr eat eequahtarabout 9anelsd, pteferalide ldss thanpe edual tdbpui mal®erpréfamblydessabanadr etyaal
about 5,  preferapl reater than or equal jo0 out_ 1 r ef er abl

G oat e R DYPe e HaEs 5t of seuah REAbopL o, et Pl Rseina oregiihto

t 23b0soue S moPkh SirbferBlye iRl &reghm@ altut 8 W%, iy fes<ihan B &l BAbYut
greater than or "equal "to about 30% Also within this range, the 25

t ot al $olol’dsprefgrabbriessithanyrefieal aprgout @ srpl Yonolyvany! aningl based e thgitotglamount

prefer l.ess. .t han or yal to,about 85, preferably |ess than or
equal ?@%%‘8&‘“’96‘,‘“%% 89’%0?9”%%’3 than or equal to about 60,

preferably hesasehbadimert, the walight avéarlgholefularbra gt of fileypoly@irfy] diie copolymer
equal to about 40, preferably |l ess than or eg}gﬁgl to about 35 wt %

30
Pr ocesBay be greatgrthanseradpafite pboyit 5;098e/mokyand dess Biag of equaboabpl0qUsA00 g/mol.
r Uiy e w4l 99%‘?%%- M&ﬁﬂhr%%m‘(hﬁ E 1 Parfin cOpbIANGESS
t ﬁ?vi n3}f‘ﬂﬁat§1fsc§%{sk%hr e cogrlllsurre inl:’ll t he polyner ?ﬁzgtgllgrgns’feavieﬁ p}gfsymar S
whi ch preferablysie gteater than pboutt 01800, estepreferabiyogredtontbarsabokn20,@00a mokepreforably
react i YlLY. GANRLAN0 ISR NIRE 38l ARaC AR 16,055 oleR! pthilihy BESEARS,
about 50,000, more preferably greater than about 60,000, more preferably greater than about 70,000,

more preferably greater than about 80,000, more preferably greater than about 90,000, more
9



20 second portion of the n-vinylformam de at a n-vinylformam de fl ow
rate into the reactor while sinultaneously feeding a second portion

of at Ieaswoqm@m\géywl Cl- C10 al kyl ester into the reactpfr/igboodosasst er
flowrate, while sinultaneously feeding a second portion of the free

radi cal prpfetabiegredat th@atvat B00/G00, AlorPprefeedhdersatithybiboit D50,008lg@mbNt 0
t he reactor under polynerization conditions until| the tot al amount of

the N-vinyl folspritithindis range thepaightavstage mofeculae woighyof thy pedyvinylamigg
t
ester, Sfhe pletl:ally £ MR ool 150100 figrd kRl Jggl AP0 b0, more

catal ys een o the reéactor; cont acti’ng
a t hi r dprpferabbydlessf thhn st 5(}05000- mrqrﬂréfarawmemmwhmomom ma&tprefambly less

pol ror Pkt E 00 AT prfehyd fesClEn 6o AR, T REFsray <6 sbout 70,000,

condi t i @p% ﬁréfeﬂéb@%&%rhbbﬁttw 00Bndt rEi@%inEﬁ&heﬁpiHaﬁtﬁ] 009, Rete/prbfeMbly
formam de and oné or nore pol yvinyl Cl1-Cl10 al kyl esters, wherein the

third plessthen aoupdp, GQ%MP&@I &nthamebosb?(.860 govel.ent of the

i nt er nedi at rad han

about 20 we ST AR BBy o e EERTHREs a8 AR Sy DA lBEHR i
hydr ol ycﬂstﬁguﬁdme mm&mtlﬁi&t&ﬂm)inmheﬂd%aﬂt ther acidic or baS| c
condl tions to produce the thler sol ubl e copol yner. In an_ enbodi nent
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Gradient Analysis of Polymer Blends” Published by Waters Corporation, Milford, Ma. Available at:

http:/fwww.waters.com/waters/library. htrn?cid=511436&1id=1536540
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Wthin this range, the first portion is preferably at |east about
20% preferably at |east about 30% preferably at |east about 40%
pr ef er abl ywatzodo@amstz about 50% preferably at | east abowcTaR%09/005098
preferably at |east about 70% preferably at |east about 80% of the
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| ess t BN bRk RBIMAb rddin ARMetarlle 03D, 250C8f erably I ess than or equal to

25 about 0.025, preferably |ess than or equal to about 0.015,
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equal to a . thag ,
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than or equal t0 about 0.03, preferably greater than or equa
abd@it feabdefersitetheranilyte apd mat torany lsalhansiforsolvent peaksdh thet choorogogram, (e.g.,

fer abl ter thei g 08, et er abl
Phan: oP PEAhErce bt B 2 SHtetorRaf B D30 adhlsfoncs Sl ol Thlicer
about On 8 pedk £fseérinl Biggeenres for bamposss heing repk ettt ofd B8modal molecular

pr ef er abl ‘fgre_at_er than or equal to_about 0.1, preferably greater
t han orwegé sribyriony anit likglydo torovedpading of hecolwpn imthe Figuresqual to about

0.3, 17 VG0 RSO0 OO R LS APL R LA

equal to about 0.4, prefera ater t or equal to about O.
pr 80 er distriputioremsteyidendrsirbycr4 wifhahudons sdjaticn 1owing aﬁu@iﬁwﬁlgss grapabeyt 100

than or equal .t o_about 0. ref er.abl y. gr eat e, t.,han ar. al.. 1.0 .
05 phefdiumit” Epesiteeses it R BTt RhE NeptPmelic d Miiiin! G BiRY V)
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skill in the art.
In an embodiment, the turbidity of a 4 wt% solution is preferably less than or equal to about
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25 9). An additional vessel was used to nake-up the catal yst

suspensi on/solution in Methanol. This drum was equi pped with two
bongs: firngbborsasNi trogen flex tubing plus a PSV ventepcualseso/oé30es he
second bong - a dip-tube for the punp suction tubing. Initiator feed

1 was ced, kefetablyllest a0 68 Bkl BOSRAUEIN ?Pﬁ!eraﬂ_l? Gesh fh BPEqUAT RUDSEL 853 p@f@ably
constant reactor tenperature éat 64C) and at nospheric pressure.
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Si 28 of t then erequg! té‘éwﬁw%ﬁfcﬂws@m@f beysd0, arefesghly ies hanpr cqual to
charge {falis %ﬁ'eférlaﬁyt]éég ﬁ{anQ)IP 2k lo ARt e ?Eeféi’ﬁblk/‘il\’lesﬁ Biah UX edufate) abolt 15,

VAM concentration ih initial charge is 74) VAMA38 k

NVF14  kpreBbty-Hessthigor cualid dbew30; withless thee dr Qquaﬁerabaletdﬁ NB$beiag stil) grore
sol ution g t hanol . 1. Perkadox16/ MeOH4. 32kg/ 99 kg
(concen®Fali0n = 4.2 % Addition of catalyst solution (feedl) is done
over three Owmlas e&ﬂbbhm&nﬂmpoaﬁﬂhﬁliaﬁma @ipBlyafer . s ntigynfirét dftahiidine Sindd) This
verﬁ)small - 0.66 L/ m.n) . After 30 mnutes after the start of

1 wlisates a gmandpg de-%wwm“ her mide m the intermediate copplymer preprte ayirelysis and
Feed 2 2
e 70k T Srar D ARl ghifhe Ao %"%ﬁl}éﬁﬁl coynly Sy NP pialne

r eact i onngsiavevidencsd by ladncks:f @0 hbseeptivmin 8! NM?@S[I:OMm rlitesopalpuier ¢consistent
and thre rs of the final polynerization) the overall
batch ¢ gfned?’fqomeocémﬁ’r“ ﬁ%tql?oms 1 initial 20 charge +1 heat-up
+6 reaction Th océsétb}eﬁnicu atnlidiRe rifféd f6E SO EbEINhéNE RpkesentbiPasfoows|

of the product viscosity and conposition is based on: Changi ng

the ratio of Perkadox 16 initiator to the total amount of vinyl

nononer (C/V) 25 Changing the ratio of nethanol to tot al armount of

vi nyl nmo I\/N),lophan ngqthe ratio of NV pelati o V|n I
acet ate / W str
proposed “t b -fe done u5|ng tih rreng 4nB reactors ng

30 system®htil reaching- 2%kutegeled VAM after dil Ut on“'\im t
met hanol . apom fication Not changed fromcurrent processes i n
art 7N Ve \\\
H © H 0
15

Wherein amide moieties in the copolymer react via intramolecular reaction to produce the
amidine rings. The presence of such rings may be determined by '>*CNMR as shown in Figure 10
and as described as follows:
20
Accordingly, in an embodiment, the presence of an absorption in the range of 150 ppm may
indicate an amidine ring is present in a copolymer. In an embodiment, the instant copolymer is
essentially free of amidine rings as evidenced by a lack of an absorption in a *C NMR spectrum of
the copolymer consistent with an amidine carbon atom absorption (e.g., 150 ppm or equivalent.)
25 For more information see Witek, Ewa, Pazdro, Marcin and Bortel, Edgar (2007) "Mechanism for
Base Hydrolysis of Poly(N-vinylformamide)', Journal of Macromolecular Science, Part A, 44:5,
503 - 507

DOTI: 10.1080/10601320701235461 URL:http://dx. doi.org/10.1080/10601320701235461
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Sanpl es: The foIIovvin rocedure was .u
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ay feed) tine: hrs Post™ reaction tine:

CN:1®. oorefmbly 1655 thamms eqral teat®ycs A&wmwmmm @ecording fq ASMIZ@W@

sol i d {n{]g{a 4¥N .6 the weight conposition of MeOH to total vinyl
Wil | al " 'g MeOH450 g (split into 500 g for initial charge
and 100 g f Qe instdnt edpoiynsa lalsbihanlekeefthn ddoMhb 88 gomparative polyvinyl amine

copolymers. However, odor is essentially impossible to quantify and thus, a general statement of
reduced odor compared to known copolymers is offered herein. |

15
Other Polymers

In addition, the instant polyvinyl amine copolymer may be combined with various
homopolymers and/or copolymers including, but not limited to water-soluble copolymers of N-vinyl
pyridine, ethylenically unsaturated mono, di, or trialkyl ammonium salts, such as vinylbenzene

20 trimethyl ammonium chloride, aminbethyl acrylate hydrochloride, N-methylamino ethylacrylate,
N,N-dimethylaminoethyl methacrylate, N,N-dimethylaminomethyl-N-acrylamide, N,N-
dimethylaminoethyl-N-acrylamide and the like. Preferred are polymers containing a plurality of
aminoalkyl nitrogen-substituted acrylamide mers, preferably wherein the aminoalkyl substituent is
hydrophilic, e.g., contains less than about 8 carbqns.

25 In an embodiment, the polyvinyl amine copolymer may comprise various levels of
hydrolysis with regard to the amide groups (hydrolyzed to amines) and/or the ester groups
(hydrolyzed to alcohols.) Suitable levels of hydrolysis include a level of hydrolysis preferably
greater than or equal to about 85% up to about 99.9%, with a level of hydrolysis of between 86.0-
89.0% preferred, 91.0-93.0% still more preferred, 92.0-94.0% still more preferred, 95.5-96.5% still

30  more preferred, 92.5-95.5% still more preferred, 98.0-98.8% still more preferred, with greater than
or equal to about 99.3+ being still more preferred.

The viscosity of a 4% solution of the instant polyvinyl amine copolymer may be from about
2 to about 80 cps at 20 C. In an embodiment, the polyvinyl amine copolymer has a viscosity of

about 45-72 cps, a degree of polymerization of about 1600 to 2200, and a Mw of about 146,000 to
13



NVF67g Initial charge: VAWMAS55g NVF12g 10 MeOH375g Mononer del ay:
VAM228 g NVF55g Feed rate: 0.79 ghnin 15Initiator delay: Trigonox

235. 3 g Mewbamwhodlz7g Feed rate: 0.22 ghnin. 20 Sanpl e D@eTASE¥E/003043t
vari ables: FD (delay feed) time: 2 hrs Post reaction tinme:3 hrs

CN: 0. 008,00, M¥indihdr diabRmahtuibe pdH vkl ahm%%@ﬂﬂyrﬁér}ﬁsawi‘éces@ of abé16-6 cps, a
rati o of I\/EOH to nonomers i s: Mononers855 g 30 VAM/88 8 NVF%Qa I\/EOHB45
.F

g | nitiasereerpfipglymevizaipms aboan 350 106 33 ey Moy p{bpobd), other
embodiment, the polyvinyl amine copolymer has a viscosity of about 22-30 cps, a degree of

polymerization of about 1000 to 1500, and a Mw of about 85,000 to 124,000. In a preferred
5  embodiment, the polyvinyl amine copolymer has a viscosity of about 3-4 cps, a degree of
polymerization of about 150 to 300, and a Mw of about 13,000 to 23,000.

Further additives may also be included in the composition to impart properties desired for
the particular article being manufactured. Such additives include, but are not necessarily limited to,
fillers, pigments, dyestuffs, antioxidants, stabilizers, processing aids, plasticizers, fire retardants,

10  anti-fog agents, scavengers, and the like.

In an embodiment, the viscosity of a 4% aqueous solution of the instant polyvinyl amine
copolymer is preferably about 5 to about 200 cps at 20°C. Within this range, the viscosity is
preferably greater than or equal to about 10, preferably greater than or equal to about 20, preferably
greater than or equal to about 30, preferably greater than or equal to about 40, preferably greater

15  than or equal to about 50, preferably greater than or equal to about 60, .preferably greater than or
equal to about 70 cps at 20°C. Also within this range, the viscosity is preferably less than or equal
to about 190, preferably less than or equal to about 180, preferably less than or equal to about 170,
preferably less than or equal to about 160, preferably less than or equal to about 150, preferably less
than or equal to about 140, preferably less than or equal to about 130 cps at 20°C.

20 The instant polyvinyl amine copolymer may have a total solids content of about 1 to about
90 wt%. Within this range, the total solids content is preferably greater than or equal to about 2,
preferably greater than or equal to about 5, preferably greater than or equal to about 10, preferably
greater than or equal to about 15, preferably greater than or equal to about 20, preferably greater
than or equal to about 25, preferably greater than or equal to about 30%. Also within this range, the

25  total solids content is preferably less than or equal to about 80, preferably less than or equal to about
85, preferably less than or equal to about 70, preferably less than or equal to about 60, preferably
less than or equal to about 50, preferably less than or equal to about 40, preferably less than or equal
to about 35 wt%.

30 Process

The reactivity of the vinyl esters is less than the reactivity of the vinyl amides. When the
vinyl esters are in excess, the vinyl amides are consumed in the polymerization leaving polymers
which are essentially polyviny! esters homopolymers. For example, the reactivity constant under

polymerization conditions for vinyl acetate (r,) is estimated to be 0.09, in comparison to the
14



MeOH270 g Mononers del ay: VAM63 g 5 NVF55g Feed rate:2.65 g/ mn
Initiator delay: Trigonox 233.2 g MeOH75g 10 Feed rate: 0.65 g/ mn

Sanpl e DOBw@ 20@k3d3mput vari abl es: FD (del ay feed) eornsoododsoss
15Post reaction tine:3 hrs CA :0.007 M\ 0. 4 Tenper ature: 60C At an M .

sy Rl RS RISl s ORI s AR

MDnoer §i54iebaig: esHAMNRS Incudeq, W%nﬁaa{%ﬂ&d rﬂ‘—‘ﬁt@ aid §5 (szdmﬂafed foaj-a02.
del ay: ;\r]g;; ?cgrrl]t(s) ﬁav%gu%%xlmh%&g;Sgscovered that a truly random copolymer can be produced if the feed
rate of the reactants, the feed rate of the catalyst, and the finishing “temper” time of the reaction are
5  controlled for a particular temperature. This tripartite control results in the formation of a random
copolymer without the formation of vinyl amine precursor blocks which upon hydrolysis, result in
amidine rings forming in the copolymer, and without the formation of polyvinyl acetate copolymers
which upon hydrolysis results in polyvinyl alcohol copolymers.
Accordingly, in an embodiment, a process to produce a water-soluble copolymer comprising
10  the steps of:

a) charging a first portion of a total amount of N-vinylformamide into a reactor;

b) charging a first portion of a total amount of at least one vinyl C;-C,¢ alkyl ester into
the reactor;

c) continuously feeding a first portion of a total amount of a free radical polymerization

15  catalyst at a first catalyst flow rate into the reactor;

d) contacting the first portion of N-vinylformamide, the first portion of at least one
vinyl C,-Cp alkyl ester, in the presence of the free radical polymerization catalyst under
polymerization conditions for a first period of time;

e) after the first period of time, continuously feeding for a second period of time, a

20  second portion of the n-vinylformamide at a n-vinylforrnamide flow rate into the reactor while
simultaneously feeding a second portion of at least one vinyl C,-Cjp alky! ester into the reactor at an
ester flow rate, while simultaneously feeding a second portion of the free radical polymerization
catalyst at a second catalyst flow rate into the reactor under polymerization conditions until the total
amount of the N-vinylformarmide, the total amount of the vinyl C,-C;g alkyl ester, and the total

25  amount of the free radical polymerization catalyst have been fed into the reactor;

f) followed by contacting for a third period of time, the n-vinylformamide and the at
least one vinyl C;-Cj, alkyl ester in the presence of the free radical polymerization catalyst in the
reactor under polymerization conditions to produce an intermediate copolymer comprising
polyviny! formamide and one or more polyvinyl C;-Cyq alkyl esters, wherein the third period of

30 time expires when the solids content of the intermediate copolymer in the gei:g(‘:tor is greater than or
equal to about 20 wi% and less than or equal to about 70 wt%; followed by

g) hydrolyzing the intermediate copolymer under either acidic or basic conditions to
produce the water soluble copolymer.

In an embodiment, the copolymerization is carried out in a solvent or diluent, preferably
15



WD 2010/ 030372PCT/ US2009/ 005098 Feed rate: 0.65 g/ mn Sanpl e DCE 4 DCE
I nput variables: 5 FD (delay feed) time: 4 hrs Post reaction tinme: 2

hrs UV: 0. 09b4oiWl3637p Tenperature: 70 C 10 At an MV = Qd3rus2009/005098
Tot al : 1200g Tot al I\/bnomersSOO g VANI?SSg NVF67g 15 I\/EOH400g Initial

char ge: NVE12 del, a VA . NVF55 .
FoauCr at weihaml. on ACriYs TPBdmERts(he CORIRrEalioY 5 S3H1e8 gUTOR g e s sgfution.
rate: 0. 33 g/ifHehysriRismiEe ém%zl My boRAkinY Atd iaRhBsdiate %ﬁd‘ﬁh@)‘mﬁ?ﬁfﬁmd or

time: 4 hrs Post ‘reaction |ine:
in the alternative; the hydrolysis is carned out by contacting the intermediate copolymer with a

base, preferably NaOH.

5 The free radical polymerization catalyst is preferably a peroxide, more preferably an organic
peroxide. Suitable organic peroxides include ketone peroxides e.g., Butanox and Cyclonox
products (Akzo Nobel), Diacyl Peroxides e.g., Perkadox products (Akzo Nobel), Peresters e.g.,
t-butylperbenzoate (Trigonox C, Akzo Nobel), and the like; Perketals e.g., (Trigonox 22, Akzo
Nobel), and the like, and various other peroxides including cumylhydroperoxides, percarbonates,

10  and the like, with Trigonox 23 (Akzo Nobel), being most preferred.

The reaction temperatures are preferably at reflux of the system, typically less than 100°C,
preferably less than 90°C, preferably less than 80°C, preferably less than 70°C, with a reaction
temperature of about 65°C being more preferred. The process may be carried out at, above, or
below atmospheric pressure as required.

15 In an embodiment, the first period of time is preferably between about 50 minutes and 500
minutes once the reaction conditions are at polymerization conditions. Within this range, the first
period of time is preferably greater than or equal to about 60 minutes, preferably greater than or
equal to about 70 minutes, preferably greater than or equal to about 80 minutes, preferably greater
than or equal to about 90 minutes, preferably greater than or equal to about 100 minutes, preferably

20  greater than or equal to about 110 minutes, preferably greater than or equal to about 120 minutes,
preferably greater than or equal to about 130 minutes, preferably greater than or equal to about 140
minutes, preferably greater than or equal to about 150 minutes, preferably greater than or equal to
about 160 minutes, preferably greater than or equal to about 170 minutes, preferably greater than or
equal to about 180 minutes, preferably greater than or equal to about 190 minutes, preferably greater

25  than or equal to about 200 minutes, preferably greater than or equal to about 250 minutes,
preferably greater than or equal to about 300 minutes, preferably greater than or equal to about 350
minutes, preferably greater than or equal to about 400 minutes.

Also within this range, the first period of time is preferably less than or equal to about 450
minutes, preferably less than or equal to about 400 minutes, preferably less than or equal to about

30 350 minutes, preferably less than or equal to about 300 minutes, preferably less than or equal to
about 250 minutes, preferably less than or equal to about 200 minutes, preferably less than or equal
to about 150 minutes, preferably less than or equal to about 100 minutes.

In an embodiment, the first portion of the N-vinylformamide and/or the at least one vinyl

C;-Cyo alkyl ester preferably represents about 10% to about 90% of the total amount required.
16
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S 0 S G G e B e
Tenper aprdfetibBteast about 40%, preferably at least about 50%, preferably at least about 60%,
preferably at least about 70%, preferably at least about 80% of the total amount required.
Also within this range, the first portion is preferably less than about 80%, preferably less than about
5  70%, preferably less than about 60%, preferably less than about 50%, preferably less than about
40%, preferably Iess than about 30%, preferably less than about 20% of the total amount required.

In an embodiment, the first catalyst flow rate is equal to the second catalyst flow rate, and is
continuous throughout the polymerization process until the total amount of the catalyst has been
added.

10 In an embodiment, the mol ratio of the catalyst (corrected for activity) to the reactants (both
the amide and the ester combined), which ratio is referred to herein as C/V, is preferably about
0.001 to about 0.1. Within this range, the C/V ratio is preferably greater than or equal to about
0.002, preferably greater than or equal to about 0.003, preferably greater than or equal to about
0.004, preferably greater than or equal to about 0.005, preferably greater than or equal to about

15  0.006, preferably greater than or equal to about 0.007, preferably greater than or equal to about
0.008, preferably greater than or equal to about 0.009, preferably greater than or equal to about 0.01,
preferably greater than or equal to about 0.02, preferably greater than or equal to about 0.03,
preferably greater than or equal to about 0.04, preferably greater than or equal to about 0.05,
preferably greater than or equal to about 0.06, preferably greater than or equal to about 0.07,

20  preferably greater than or equal to about 0.08, preferably greater than or equal to about 0.09.

Also within this range, the C/V ratio is preferably less than or equal to about (0.095,
preferably less than or equal to about 0.085, preferably less than or equal to about 0.075, preferably
less than or equal to about 0.065, preferably less than or equal to about 0.0535, preferably less than
or equal to about 0.045, preferably less than or equal to about 0.035, preferably less than or equal to

25  about 0.025, preferably less than or equal to about 0.015, preferably less than or equal to about
0.009, preferably less than or equal to about 0.008, preferably less than or equal to about 0.007,
preferably less than or equal to about 0.006, preferably less than or equal to about 0.005.
[n an embodiment, the mol ratio of the amide to the ester, which ratio is referred to herein as
M/V, is preferably about 0.01 to about 1. Within this range, the M/V ratio is preferably greater than
30  orequal to about 0.02, preferably greater than or equal to about 0.03, preferably greater than or
equal to about 0.04, preferably greater than or equal to about 0.05, preferably greater than or equal
to about 0.06, preferably greater than or equal to about 0.07, preferably greater than or equal to
about 0.08, preferably greater than or equal to about 0.09, preferably greater than or equal to about

0.1, preferably greater than or equal to about 0.2, preferably greater than or equal to about 0.3,
17



Total : 1200g At an MN = 0.4, the ratio of MeOH to nononers is: 30
Mononer s855 g YAM/88g NVF67g MeOH345g Initial charge: WO

2010/ 0303 A%BGIold5399H9/ 005098 YAMB25 g NVF12g MeOH270 g pW¥anRp®bs05098
delay: 5 VAM263g NVF55¢g Feed rate:2.65 g/mn Initiator delay:

I 5o P R 0 SRS B IEFfeF

T V: 0. Opraferd¥tyvigr@ater thampasqakiub ab& i 6.62 prefifatilg pfbated thah bEeqah® absetLOIRt | on

on conversion (without it, it will be inpgssible to calculate the

conposi PR gr&ﬂm)tgamgfs%é‘éo bR Orfs Prsferably grepter thap or ecs’eb&aﬁapwc?-?xt an

V.7, oS! ESUSEAN AP e DY il EAELI Blabpalt by

for &  preferably less than or equal to about (.85, preferably less than or equal to about 0.75, preferably
less than or equal to about 0.65, preferably less than or equal to about 0.55, preferably less than or
equal to about 0.45, preferably less than or equal to about 0.35, preferably less than or equal to
about 0.25, preferably less than or equal to about 0.15, preferably less than or equal to about 0.09,
preferably less than or equal to about 0.08, preferably less than or equal to about 0.07, preferably

10  less than or equal to about 0. 06, preferably less than or equal to about 0.05.

In an embodiment, the third period of time preferably expires when the solids content of the
intermediate copolymer in the reactor is greater than or equal to about 20 wt%, and less than or
equal to about 70 wt%. Within this range, the third period of time preferably expires when the
solids content of the intermediate copolymer in the reactor is greater than or equal to about 30 wt%,

15  preferably 40 wt%, with 50 wt% being more preferred. Also within this range, the third period of
time preferably expires when the solids content of the intermediate copolymer in the reactor is less
than or equal to about
65 Wi%, preferably less than or equal to about 55 wt%, with less than or equal to about 45 wt%
being more preferred.

20 Figure 9 depicts in block form, an outline of the instant process.

EXAMPLES
Testing was conducted to determine the optimurn conditions to produce the instant polymer.
Continuous feeds for monomer and catalyst were carried out through two dosage pumps (see Figure
25  9). An additional vessel was used to make-up the catalyst suspension/solution in Methanol. This
drum was equipped with two bongs: first for a Nitrogen flex tubing plus a PSV vent valve: On the
second bong - a dip-tube for the pump suction tubing. Initiator feed 1 was carried out through a
dosage pump.
The instant process used a constant reactor temperature (at 64°C) and atmospheric pressure.
30 1. M/V at 0.55 with an overall monomer concentration of 64.5% and C/V at 0.0048.
Semibatch addition: Initial charge + two continuous feeds, Total reaction time: six hours (three hrs
each for catalyst and monomer feeds to be added and three hours post polymerization for
monomer.) Batch cycle time is nine hours.

Addition order for a batch size of 1414 kg:
18



25initiator solution feed) YAM683g NVF67g Initial charge: YAWMA55g 30
NVF12g MeOH375 g Mononmer del ay: YAMR28 g NVF55 g WO

2010/ 0303 7A2BGI10d3099/ 005098 Feed rate: 2. 36 g/ m n | ni tiratrars2ebebesgss
Trigonox 232.85g Methanol 75 g 5Feed rate: 0.65 g/rnin. Sanple DCE 8

s 10" che 0 obaniR eregeeBREEY e GF8 chveSandhreliin o Toos GREDL PR AT ©

15 Tot al cobenaaBesQRitel HaME3ISsT2MMBTY MOIKMO00g I nitial charge:

VAM 438 kg
NVF 14 kg
5 MeOH 397 kg

2. Add continuous feed 1; Perkadox 168 catalyst solution in Methanol.
1. Perkadox16/MeOH 4.32kp/ 99 kg (concentration = 4.2 %) Addition of
catalyst solution (feed1) is done over three ours with a mass addition rate of 0.59 kg/min (this is
10 very small, ~ 0.66 L/min)
2. After 30 minutes after the start of feed 1 start adding continuous feed 2 without
interrupting feed 1. Feed 2 contains VAM and NVF
M/V =0.23 (feed 2)

C/V =0.008
15 VAM 382kg
NVF Tokg

Total Vinyl feed rate = 2.51 kg/min (2.8 L/min)
While the reaction time is six hours (three hours during continuous feed, two and three
hours of during the final polymerization) the overall batch cycle will be around nine hours: 1 initial

20 charge +1 heat-up + 6 reaction time + 1 empty time.

POLYMERIZATION CONTROL:

The control of the product viscosity and composition is based on:

Chénging the ratio of Perkadox 16 initiator to the total amount of vinyl monomer (C/V).
25  Changing the ratio of methanol to total amount of vinyl monomer (M/V).

Changing the ratio of NVF relative to vinyl acetate (NVE/V)

Paste striping
Unreacted VAM stripping is proposed to be done using the current 4m3 reactors vacuum stripping

30 system until reaching~ 2% un-reacted VAM after dilution with methanol.

Saponification

Not changed from current processes in the art

19



20 VAMA89g NVF12g MeOH325 Mononers del ay: VAM244g 25 NVF55 g Feed
rate.1.25 g/mn Initiator delay: Trigonox 234.3 g MeOH75g 30 Feed

rate: 0. 33 wononbatai | ed procedure for run order # 9 DEETIUZRM/005098
vari ables: FD (delay feed) time: 6 firs Post reaction tine:3 hrs WO

2010/ 030]?‘(7?2'3%/ &JS 009/ 005098 CA' : 0.0038 M V: 0.6 Tenperature: 60C
Ve need tUHaREVCHE assunption on conversion (without it, it will be

| npossi & changealfio airknt frocdsanpesit i on of NVF). Assuned conversion
in all cases: 55%solid At an MV = 0.6 the weight conposition of

MeOH to total vinyl will be: Total-1200g MeOH450 g (split into 500 g

Nra7g | VPP AR ATe SR Adiart Rhd S54Em REgli AR oo 10 VAVEES

5 Not changed from current processes in the art

Mass balance for the process:
Total size of the batch is 1414 kg. Catalyst solution is prepared by mixing calculated quantity
(4.32kg) of Perkadox 16 with 99 Kg MeOH. This recipe is for the solution polymerization carried

10  out in methanol in 4m® reactors.

Samples:
The following procedure was used:
. Charge initial charge to Pkl {(mixing)
15 . Heat initial charge to set temperature (by controlling pressure)

1
2
3. Start delay feed of monomers and initiator (feed rate set by DOE)
4. Continue post reaction (duration set by DOE)
5. Start moving the reaction mixture by gear pump to PK2, 10 min before the end of post-reaction
(PK2. contains 0.2 g DEHA in 100 MeOH)
20 6. After all the mixture from PK1 is moved to PK2, take a sample from PK2 to determine the
conversion (% solid).
7. Remove residual VAM by stripping column.
8. Determine residual vinyl by bromine titration and by head space.
9. Determine compositional homogeneity by ELS.
25

Detailed procedure for run order#1

Sample DOE 1:
FD (delay feed) time: 6 hrs
30 Postreactiontime: 3 hrs

C/V: 0.007
M/V: 0.6
Temperature: . 80°C

Assumed conversion in all cases: 55% solid
20



Mononer del ay: VAMR28 g NWh5g Feed rate: 0.95 g/mn 20 Initiator
delay: Trigonox 232.85 g Methanol 75 g Feed rate: 0.22 g/tnin.
run order # 10 25 DOE input var iray@&3609b3098

Det ai | ed pwocenuws®7f or

(delay feed) time: 6 hrs Post

Tenper atH
nonomer s

10

15

20

25

30

VAM 683 g
NVF 67g
Initial charge:

VAM 455 ¢
NVF 12g
MeOH 375¢g
Monomer delay:

VAM 228 g
NVF 55g

Feed rate: 0.79 g/min
Initiator delay:

Trigonox 23 53g
Methanol 75¢g

Feed rate: 0.22 g/min.
Sample DOE 2

DOE input variables:

FD (delay feed) time: 2 hrs

Post reaction time: © 3 hrs

C/V: 0.0038
M/V: 0.4
Temperature: 80

Total: 1200 g

At an M/V = 0.4, the ratio of MeOH to monomers is:
Monomers 855 g -
VAM 788 g
NVF 67¢g
MeOH 345¢g
Initial charge:

VAM 525 g

20

(& =50 ey

10 Feed rate: 2.65

initiator sofution feed)

21
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reaction tine:1 hr
At _an.M s5,0~4,. the ¢
RRRpRil O o g
NVF67g Me@hi3459 | niti alizobgrge: YAMb25g 5 NVF12g MeOH270 g Mononers

del ay: YAM263 NVF55 /mn Initiator del ay:
y MoOH g g g y

450 g (split into 500 g for initial charge and 100 g for



Trigonox 233.25 g MeOH75g Feed rate: 0.22 g/mn 15 Detail ed procedure
for run order # 11 DCE input variables: FD (delay feed) time: 2 hrs
Post reactwonofotoswssd hr CN 0. 007 20 M V: 0.6 Tenper at ur echifS2@b/0es0908VN
=0.6 Total Monomers750 YAM683 g 25 NVF67g MeOH450g Initial charge:
YAMA55 IgXiWFlZg 30 I\/ES%—%?S Mononers del ay: YAM228 g NVF55g Feed
rate: 2. ghnin / 030372PCT/ US2009/ 005098 | niti ator del ay:

Tri gonoMe@H5. 25 g MeORT®Gg Feed rate: 0.65 g/ mn 5 Wrksheet summary
(L12): Total che cals: 1200 g Total VAMsplits at a ratio of two to
one forMepemeesidelayy del ay char ges.

VAM 263 g
5 NVF 55g

Feed rate: 2.65 g/min
Initiator delay:
Trigonox 23 32¢g
MeOH 75g

10  Feed rate: 0.65 g/min
Sample DOE 3
DOE input variables:

FD (delay feed) time: 2 hrs
15  Postreaction time: 3 hrs

C/V: 0.007

M/V: 0.4

Temperature: 60°C

At an M/V = 0.4, the ratio of MeOH to monomers is:

20 Monomers 855g
VAM 788 g
NVF 67 g
MeOH 345¢
Initial charge:

25 VAM 525g
NVF 12¢
MeOH 270 g
Monomers delay:

VAM 263 g

30 NVF 55¢g
Feed rate: 2.65 g/min
Imitiator delay:

Trigonox 23 6g
MeOH 75g

22



Run # CN C FD (hr) RT (hr) Initial charge MeOHNAM NVF Del ay
VA/ v1/ NVE Del ay wm n catalyst sin 1 0.007 0.6 80 6 3 375/ 455/ 12
228 /| 55 Ow@20102R72 0.0038 0.4 80 2 3 270 PCT/US2009/005098

Feed rate: 0.65 g/min

Sample DOE 4
DOE input variables:

5 FD (delay feed) time: 4 hrs
Post reaction time: 2 hrs
C/V: 0.0054
M/V: 0.5
Temperature: 70 C

10 AtanM/V=0.5:

Total: 1200 g
Total Monomers 800 g
VAM 733 g
NVF 67¢

15 MeOH 400 g
Initial charge:
VAM 489 g
NVF 12g
MeOH 325

20  Monomers delay:
VAM 244 ¢
NVF 55g
Feed rate: 1.25 g/min
Initiator delay:

25 Trigonox 23 43g
MeOH 75g
Feed rate: 0.33 g/min
Sample DOE 5

30 DOE input variables:
FD (delay feed) time: 4 hrs
Post reaction time: 2 hrs
C/V: 0.0054
M/V: 0.5
23



/ 525/ 12 263 / 55 2.65 0.65 3' 0.007 0.4 60 2 1 270 / 525/ 12 263
/ 55 2.65 0.65 3 0.007 0.4 60 2 2 270 / 525/ 12 263 / 55 2.65

WO 2010/030372 PCT/US2009/005098
Temperature: 70°C
Atan M/V =0.5:
Total: 1200 ¢
Total Monomers 800 g
5 VAM 733 g

NVF 67g
MeOH 400 g
Initial charge:
VAM 489 ¢

10 NVF 12g
MeOH 325
Monomers delay:
VAM 244 ¢
NVF 55¢g

156  Feedrate: 1.25 g/min
Initiator delay:
Trigonox 23 43 g
MeOH 75¢
Feed rate: 0.33 g/min

20
Sample DOE 6
DOE input variables:

FD (delay feed) time: 2 hrs

Post reaction time: 3 hrs

25 C/V: 0.0038

M/V: 0.4

Temperature: 80°C

Total: 1200 g

At an M/V = 0.4, the ratio of MeOH to monomers is:
30 Monomers 855¢

VAM 788 g

NVF 67¢g

MeOH 345g

Initial charge:

24
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0.0054 0.5 70 4 2 325 / 488 / 12 245 / 55 1.25 0.33 5 0.0054
4 2 325/ 488 / 12 245/ 55 1.25 0.33 6 0.007 0.4 80

W0 2010/030372

VAM

NVF

MeOH
Monomers delay:
VAM

NVF

Feed rate:
Initiator delay:
Trigonox 23
MeOH

Feed rate;

Sample DOE 7

DOE input variables:
FD (delay feed) time:

Post reaction time:
C/V:

M/V:
Temperature:

We need to make some assumption on conversion (without it, it will be impossible to calculate the
composition of NVF). Assumed conversion in all cases: 55% solid

At an M/V = 0.6 the weight composition of MeOH to total vinyl will be:

Total:
MeOH

VAM

NVF

Initial charge:
VAM

NVF

MeOH
Monomer delay:
VAM

NVF

525g
12g
270 g

263 g
55¢g
2.65 g/min

6g
758
0.22 g/min

2 hrs

1 hr
0.0038
0.6
80°C

200 g

PCT/US2009/005098

450 g (split into 500 g for initial charge and 100 g for

initiator solution feed)
683 g
67¢g

455¢g

12g

375¢g

228 g

S5g
25



6 1270 / 525/ 12 263 / 55 1.18 0.22 7 0.0038 0.6 80 2 1 375 / 455 /

12 228 / 55 2.36 0.65 8 0.0054 0.5 70 4 2 325 / 488 / 12
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WO 2010/030372
Feed rate: 2.36 g/min
Initiator delay:
Trigonox 23 285¢g
Methanol 75¢
Feed rate: 0.65 g/min.
Sample DOE 8
DOE input variables:
FD (delay feed) time: 4 hrs
Post reaction time: 2 hrs
C/V: 0.0054
M/V: 0.5
Temperature: 70°C
Atan M/V = 0.5:
Total: 1200 g
Total Monomers 300 g
VAM 733 ¢
NVF " 67g
MeOH 400 g
Initial charge:
VAM 489 g
NVF 12g
MeOH 325
Monomers delay:
VAM 244 ¢
NVF 55¢g
Feed rate: 1.25 g/min
Initiator delay:
Trigonox 23 43¢
MeOH 758
Feed rate: 0.33 g/min
Detailed procedure for run order # 9
DOE input variables:
FD (delay feed) time: 6 hys
Post reaction time: 3 hrs

26
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245 / 55 1.25 0.33 9 0.0038 0.6 60 6 3 375/ 455/ 12 228 /| 55 0.79
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C/V:
M/V:
Temperature:

PCT/US2009/005098

0.0038
0.6
60°C

We need to make some assumption on conversion (without it, it will be impossible to calculate the

* composition of NVF). Assumed conversion in all cases: 55% solid

At an M/V = 0.6 the weight composition of MeOH to total vinyl will be:

Total: 1200 g

MeOH 450 g (split into 500 g for initial charge and 100 g for
initiator solution feed)

VAM 683 g

NVF 67g

Initial charge:

VAM 455 g

NVF 12 g

MeOH 375g

Monomer delay:

VAM 228 g

NVF 558

Feed rate: 0.95 g/mm

Initiator delay:

Trigonox 23 285g

Methanol 75¢g

Feed rate: 0.22 g/min.

Detailed procedure for run order # 10

DOE input variables:

FD (delay feed) time: 6 hrs

Pos£ reaction time: 1 hr

C/V: 0.0038

M/V: 0.4

Temperature: 60°C

Total: 200 g

At an M/V = 0.4, the ratio of MeOH to monomers is:

Monomers 855¢

VAM 788 g

27



0.007 0.6 60 2 1 375/ 455/ 12 228 /| 55 236 0.65 * Center point
Run # Conversion in %solid Mnoner conversion 15% paste viscosity 4%

aqueous ViygysQioh¥izr#A% agq viscosity** 1 40% 62% 6. 9 cps perAseRSndsoss

cps 2 53% 74% 16. 1 cps

NVF 67g
MeOH 345 g
Initial charge:
VAM 525¢
5 NVF 12g

MeOH 270 g
Monomers delay:
VAM 263 g
NVF 55g

10  Feed rate: 2.65 g/min
Initiator delay:
Trigonox 23 325¢
MeOH 758
Feed rate: 0.22 g/min

15  Detailed procedure for run order # 11
DOE input variables:
FD (delay feed) time: 2 hrs
Post reaction time: 1 hr
C/V: 0.007 -

20 M/V: 0.6
Temperature: 60°C
Atan M/V = 0.6
Total Monomers 750 g
VAM 683 g

25 NVF 67¢g
MeOH 450 g
Initial charge:
VAM 455 g
NVF 12 g

30 MeOH 375g
Monomers delay:
VAM 228 g
NVF 55¢g
Feed rate: 2.36 g/min
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6.6 cps 6.7 cps 3 58%82% 18.9 cps 9.1 cps 8.8 cps 4(center) 50% 75%

10

11.8 cps 5.8 cps 6.0 cps 5(center) 50% 75% 11.6 cps 5.7 cps 6
28% 45% 8.\§02PR/0903%2 CPS PCT/US2009/005098
Initiator delay:
Trigonox 23 525¢
MeOH 75¢
Feed rate: 0.65 g/min
Worksheet summary (L12):
Total chemicals: 1200 g
Total VAM splits at a ratio of two to one for initial and delay charges.
Run | C/V MV {°C[FD |[RT [ Initial charge Delay Delﬁy catalyst
# (hr) | (hr) | MeOHW/VAM/NVF | VAM/NVF | g/min | g/min
1 0.007 |06 |80 |6 3 375/455/12 228 /55 0.79 |0.22
2 0.0038 {04 |80 |2 3 270/525/712 263 /55 265 |[0.65
3’ 0.007 (04 {60 |2 1 270/525/12 263 /55 265 |0.65
3 0.007 |04 (60 |2 2 270/525/12 263/55 265 |[0.65
4 00054 {05 |70 |4 2 325/488/12 245/55 125 1033
5 00054 (05 |70 |4 2 325/488/12 245/55 125 (0.33
6 0007 |04 {80 |6 1 270/525/12 263 /55 1.18 {0.22
7 0.0038 (0.6 |80 |2 1 375/455/12 228/55 236 | 0.65
8 0.0054 |05 |70 |4 2 325/488/12 245/55 1.25 |0.33
9 0.0038 |06 [60 |6 3 375/455/12 228 /55 0.79 022
10 (0.0038 104 (60 {6 1 270/525/12 263755 088 [0.22
11 10007 |06 |60 |2 1 375/455/12 228/55 236 | 0.65
* Center point
Run # Conversion | Monomer 15% paste | 4% aqueous 4% aq
in % solid | conversion | viscosity viscosity* viscosity**
1 40% 62% 6.9 cps 4.7 cps 4.9 cps
2 53% 4% 16.1 cps 6.6 cps 6.7 cps
3 S58% 82% 18.9 cps 9.1 cps 8.8 cps
4{center) | 50% 75% 11.8 cps 5.8 cps 6.0 cps
5(center) | 50% 75% 11.6 cps 5.7 eps
6
7 28% 45% 8.8 cps 4.8 cps

28

7



WD 2010/ 030372PCT/ US2009/ 005098 8 9 10 63% 88% 16.5 cps 6.6
cps 7.1 cps 11 40% 65% 14.7 cps 7.5 cps 8.0 cps * PVO1ll-co-NVF **

PVOH- co- Vaghhias@hyzed at reflux tenperature/ 2 hrs/ 1. 2cas088/683008
based on assumed 12 nol €% i ncor porati on)

8

9

10 63% 88% 16.5 cps 6.6 cps 7.1 cps
11 40% 65% 14.7 cps 7.5 cps 8.0 cps
* PVOH-co-NVF

** PYVOH-co-Vam (hydrolyzed at reflux temperature/2 hrs/1.2 Meq NaOH based on assumed

12 mole% incorporation)

PVOH-co-Vam ELS
5
Run# |4% odor | Solubility |Insol. | Amine* | Amine** | Amine***
color (RT) gel mole% mole% mole%
1 no 3.3
2 no 2.5
3 ‘no 8.1
4(center) no 2.6
S(center)
6
7 slight
8
9
10 no 9.1
11 no 10.3
*by titration with methyl orange
** by titration with bromophenol
w¥* by NMR ( from A. Sanford, Ticona)
10 It shouid be understood, of course, that the foregoing relates to preferred embodiments of

the invention and that modifications may be made without departing from the spirit and scope of the

invention as set forth in the following claims.
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PVOH co-Vam ELS 5 Run # 4% col or odor Solubility (RT) InsoL gel
Am ne* nol e% Am ne** nol e% Am ne*** nol e% | no 8.3 2 no 9.5
3 no

CLAIMS:
1. A water-soluble copolymer formed by copolymerizing:
(a) from 99 to 1 mol% of N-vinylformamide and
(b) from 1 to 99 mol% of one or more vinyl C;-C}; alkyl esters, and then
hydrolyzing from 30 to 100 mol% of the formyl groups from the copolymerized units (a)
to form amino groups and from 30 to 100 mol% of the C,-C,( alkyl ester groups from the
copolymerized units (b} to form hydroxyl groups, wherein the copolymer is essentially
free of amidine rings as determined by '*C NMR and exhibits compositional
homogeneity as evidenced by essentially one peak in a gradient elution chromatographic
analysis.
2. The water-soluble copolymer of Claim 1, wherein a 4% solution of the water-soluble
copolymer has an APHA color value of less than or equal to 100 APHA units determined

according to ASTM D1209 or a comparable method.

3. The water soluble copolymer of Claim 1, wherein the vinyl C;-Cj, alkyl esters are vinyl

acetate, vinyl propionate, or a combination thereof.

4. The water soluble copolymer of Claim 1, comprising from 0.5 mol% to 20 mol% amine

functional groups.

5. The water soluble copolymer of Claim 1, wherein a 4 wt% aqueous sclution of the water-

soluble copolymer at 20°C has a turbidity of less than 100 turbidity units.

6. A water-soluble copolymer formed by copolymerizing:

(a) from 99 to I mol% of N-vinylformamide and
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8.1 4(center) no 9.6 5(center) 6 7 slight

(b) from 1 to 99 mol% of one or more vinyl C;-Cyq alkyl esters, and then

hydrolyzing from 30 to 100 mol% of the formyl groups from the copolymerized units (a)
to form amino groups and from 30 to 100 mol% of the C;-C,; alkyl ester groups from the
copolymerized units (b) to form hydroxyl groups, wherein the water-soluble copolymer is
essentially free of amidine rings as determined by *C NMR and exhibits compositional
homogeneity as evidenced by a 4 wt% aqueous solution having a turbidity of less than
100 turbidity units, wherein the vinyl C;-C ¢ alkyl esters are vinyl acetate, vinyl

propionate, or a combination thereof.

7. The water soluble copolymer of Claim 6 comprising from 0.5 mol% to 20 mol% amine

functional groups.
8. A water-soluble copolymer formed by copolymerizing

(a) from 99 to 1 mol% of N-vinylformamide and

(b) from 1 to 99 mol% of one or more vinyl C,;-C,q alkyl esters, and then
hydrolyzing from 30 to 100 mol% of the formyl groups from the copolymerized units (a)
to form amino groups and from 30 to 100 mol% of the C,-C,¢ alkyl ester groups from the
copolymerized units (b) to form hydroxyl groups, wherein the copolymer is essentially
free of amidine rings as evidenced by a lack of an absorption in a '*C NMR spectrum of

the copolymer consistent with an amidine carbon atom absorption.

9. The water soluble copolymer of Claim 8, wherein the vinyl C;-Cyg alkyl esters are vinyl

acetate, vinyl propionate, or a combination thereof.

10.  The water soluble copolymer of Claim 8, comprising from 0.5 mol% to 20 mol% amine

functional groups.
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11.

12.

' 10 no 9.1 11 no

The water soluble copolymer of Claim 8, wherein a 4 wt% aqueous solution of the

copolymer at 20°C has a turbidity of less than 100 turbidity units.

A process to produce a water-soluble copolymer comprising the steps of:

a) charging a first portion of a total amount of N-vinylformamide into a reactor;

b) charging a first portion of a total amount of at least one vinyl C,-C,q alkyl ester

into the reactor;

¢) continuously feeding a first portion of a total amount of a free radical

polymerization catalyst at a first catalyst flow rate into the reactor;

d) contacting the first portion of N-vinylformamide, the first portion of at least
one vinyl C;-Cyg alkyl ester, in the presence of the free radical polymerization

catalyst under polymerization conditions for a first period of time;

e) after the first period of time, continuously feeding for a second period of time,

a second portion of the n-vinylformamide at a n-vinylformamide flow rate into the
reactor while simultaneously feeding a second portion of at least one vinyl C;-Cyg
alkyl ester into the reactor at an ester flow rate, while simultaneously feeding a
second portion of the free radical polymerization catalyst at a second catalyst flow
rate mto the reactor under polymerization conditions until the total amount of the
N-vinylformamide, the total amount of the vinyl C;-C, alkyl ester, and the total

amount of the free radical polymerization catalyst have been fed into the reactor;

f) followed by contacting for a third period of time, the n-vinylformamide and the
at least one vinyl C,-Cj alkyl ester in the presence of the free radical
polymerization catalyst in the reactor under polymerization conditions to produce
an intermediate copolymer comprising polyvinyl formamide and one or more

polyvinyl C;-Cyq alkyl esters, wherein the third period of time expires when the
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10. 3 *py titraf on with nethyl orange ** by titration with

br onophenol *** by NVR ( from A Sanford, Ticona) 10lt should be
under st ood, of course, that the foregoing relates to preferred

enbodi ments of the invention and that nodifications my be nade

wi t hout departing fromthe spirit and scope of the invention as set
forth in the following clainms. CLAIMS: 1.A water-soluble copolyner
formed by copolyggids zbit to@ ke ihicRRRdPAe E(g; 8@ freddeot {‘%Je{t&r AR AR ual
and (b) from1 to 99 m) one or inyl Cl1-ClO a esters,
and then hydrol ymW/ﬁ@mIBEB&lmqmuaiﬁb%@ft%tfcélomdlbyl groups from

t he copol yneri zed units (a) to formam no groups and from 30 to 100
nol % of the CI-ClO al kyl ester groups fromthe copol ynerized units
(b) to form hydr gxahoi@udde cofigyRério phaluCopiyiraldofiolessEnyl falhamide;
free of am dine rings as determ ned by 130 NVMR and exhibits

conposi ti onal hoﬁ%benelty as evidenced by essentially one peak in a
gradi ent elution chromatographic analysis. 2. The water-sol uble
copolymer of Claim1l, wherein a 4% solution of the water-soluble
copol ymer has anhABidfolgahgtheviatbumedoie ¢@olymen andayeitheraaidic @ bagio cax@litions
units determ ned,_acc ing 1 f‘% D1209 or a conparabl e net hod.

3. The water sol ulfiR&° ]’5;56}?%%?”8 PR wherei n the vi nyl C1-C10

al kyl esters are vinyl acetate, vinyl propionate, or a conbination

t hereof 4. The wat er sol ubl e copal ¥rrer of Claiml, conprising fromO0.5
mol % t 4320 HBF DEOSFS ﬁgclﬁmﬂ oY SR therpigresolublersnpoliies FOrpIISSHI e
copolynmer of Claiml, wherein a 4 wt % aqueous sol ution of the water-
sol ubl e copol yner at 20C has a turbidity of less than 100 turbidity
units. 6.A wat er (a3 filoob? to FopolyNerinyltrmentidsymaetiest ymeri zi ng: (a) from
99 to 1 nol % of N-vinylfonnamde and (b) from1l to 99 nol % of one or
nore vinyl Cl-Cl0 al kyl esters, and then hydrolyzing from30 to 100
mol % of the forng) ienoPs If el bhE-vGpahyewicistesd units (a) to form
am no groups and from 30 to 100 nol % of the Cl-Cl0 al kyl ester groups
fromthe copolynerized units (b) to form hydroxyl groups, wherein the
wat er - sol ubl e CO%@'fﬁéHP(ﬁ td ) 1BSISEHE dRldr Yndkd Gy OE, - @[E‘aﬂ&yﬁl‘@stéﬂrﬂ&@tlésand
determ ned by 13C NWR and exhi bits conpositional honbgeneity as

evi denced by a 4 w % aqueous sol ution having a turbidity of Iess than

100 turbidity unp%%_,ony\@&@ Igofoﬁgf‘yl yallc %}L ]t%h‘%l kyl esters are vinyl

acetate, vinyl pioha er eof

wherein the water-soluble copolymer is essentially free of amidine rings as determined by
>C NMR and exhibits compositional homogeneity as evidenced by essentially one peak

in a gradient elution chromatographic analysis.

14.  The process of Claim 12, wherein the copolymerization is carried out in a solvent,

aqueous solution or diluent.

15.  The process of Claim 12, wherein said hydrolysis is carried out by contacting the

intermediate copolymer with an acid or a base.

16.  The water soluble copolymer of Claim 1, comprising from 5 mol% to 15 mol% amine

functional groups.
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7. The water sol uble copolynmer of Claim6 conprising fromO0.5 nol%to
20 nol % am ne functional groups. 8. A water-sol uble copolynmer forned
by copolynerizing (a) from99 to 1 nol % of N-vinylformam de and (b)
from1l to 99 nol % of one or nore vinyl Cl1-Cl0 al kyl esters, and then
hydrolyzing from 30 to 100 nol % of the fornyl groups fromthe

copol ynmerized units (a) to formamno groups and from 30 to 100 nol %
of the Cl1-Cl10 al kyl ester groups fromthe copolynerized units (b) to
form hydroxyl groups, wherein the copolynmer is essentially free of

am di nd7ri né‘be watepsolulelp cenpl pyeral|Gaik bfwlﬁrf:irabé@ﬁ%taqowusmlétimcomﬂwater-

abeor pt1 on, “UUTRESRTAERL 68 R Gl TR AN MBIOTRRES, T e

vinyl Cl1-Cl0 al kyl esters are vinyl acetate, vinyl propionate, or a
conbi nati on thereof. 10.The water sol uble copolyner of CaimS8,
conpri skng ! 1.9 9 i e 3 . The
vator 351 ubree SansollBl Uihdtt: A L RS S on 36 BB bl
of the copotymtymatha MCARERN @ldérwahiediftigss dfanloesgual fvedd APKRAtwmithdetetmined

units. 12. A process ce a water.-sol ubhl e copol yner conpri sing
the steps qu%r ?g%ﬂ%#ﬁ%ﬁéﬁégﬁ?P§?mB§?WF8Wt “a total amount of
N-vinyl formam de into a reactor; b) charging a first portion of a
total amount of at |east one vinyl Cl-Cl0 al kyl ester into the
reactor,; c),continu l.y [feedin first rtion of a tatal anount
of 5 P12 1+ Auf BREHEGr ST Zarttels rlsEroBEe somiySe Sublige: f ow
rate into the reactor; d) contacting the first portion of

N-vi nyl fonnam de, the first portion of at |east one vinyl Cl-Cl0

al kyl ester, i@ e Ged9anle Bvimfernemidemuetiosl pol ymeri zat i on

catal yst under polynerization conditions for a first period of tineg;
e) after the first period of time, continuously feeding for a second
peri od of ti ngh) bome®and malt ofowvolylannee moietiey| f or mam de at a
n-vinyl fonnam de flow rate into the reactor while sinultaneously
feeding a second portion of at |east one vinyl Cl-Cl0 al kyl ester
into the react{ey frain oo 305h&% bfl AW oF fioge vili ¢ ,6C §ialkyl éstdrendisey; dndedi ng
a second portion of the free radical polynerization catalyst at a
second catalyst flowrate into the reactor under polynerization
condi i ons Uiy} 6 bYeThoIBHy AlcokBEmdendsny! for mam de, the total
amount of the vinyl CIL-Ci0 al kyl ester, and the total anount of the
free radical polynerization catalyst have been fed into the reactor;
f) foll owed contactin rrathird. period of.ti t he . .

vt iyl £ or e B el tubRicofab b SoitcPediodiMomdstReintanevidnoste
presence of by Be Witesueads ©altiopbhying & inzbiditg Bf kad tbky $00 furbidifeurigact or
under polynerization conditions to produce an internedi ate copol ynmer
conpri sing polyvinyl formam de and one or nore polyvinyl Cl-Cl10 al kyl

est er s poWherrl rob s o Pidis 19,e%aéilnqﬁe LR sQURL E§sD1 O@%hﬁﬁses@ olids

content of the internedi ate copolyner in the reac is greater than
or equal to 20 wt% and | ess than or equal to 70 wt% followed by g)
saponifying t r t.0 @roduce pol yvinyl al cohol - co-vi nyl

f or mam de; angg)ﬁ?gﬁbﬁgngQﬁHSJFﬁg%FHgQF%éHﬂ%@%’copolyner under
either acidic or basic conditions to produce the water soluble

copol ymer. 13.Th§ process of ﬁégin1 2,. Wwherein the water-soluble
copol ymer conpP) §88:99tq)! molgneiNvgvRmiRe MOieREYi ny| f or mani de noi et es;
(b) from99 to 1 nol% of N-vinylam ne noieties (c) fromO to 30 nol %
of one or nore vinyl Cl-Cl0 al kyl ester noieties; and (d) from1l to
99 nol % of vi ry) fraindbkdI0 maieefiams or wiees dnyl G iHeio wltybestes ohaigties; and
copolynmer is essentially free of amdine rings as determ ned by 13C
NMR and exhi bits conpositional honbgeneity as evidenced by
essential ly ong) fieak tforvdangtashiemdl akbhislirasieit’dy omat ogr aphi ¢ anal ysi s.
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15. The process of Caim 12, wherein said hydrolysis is carried out by
contacting the internmedi ate copolyner with an acid or a base. 16. The
wat er sol ubl e copolynmer of Claiml, conprising from5 nol%to 15 nol %
am ne functional groups. 17.The water sol uble copolynmer of Caiml,
wherein a 4 w % aqueous solution of the water- sol uble copol yner at
20C has a turbidity of less than 50 turbidity units. 18.The

wat er - sol ubl e copol yner of Claiml, wherein a 4% solution of the

wat er - sol ubl e copol yner has an APHA col or val ue of |ess than or equal
to 50 APHA whited e warerrsplgblezopdynibmig essonteSyNtcD DL 8@idine Engsanpedeisked by

met hod. 19. The, pr.ocess _of Cl ais wher ei n.t he wat er:sol ubl e .
Copolyirer _cigF BLES o pmiop M 5 NGy SRl Sl iRk ot sspviten
(b) from 99wiith ah affidifie edrbdd atbmyabedtbiieh. "oi eties; (c) fromO to 30 nol %
of one or nore vinyl Cl1-Cl0 al kyl ester nmoieties; and (d) from1l to
99 nol % of vinyl al cohol novieties, wherein the water-soluble

copol yoer  exhi hioksss GPERAR 12! FNALnRIREENGIAN Ain@WYLASIGRHyR YoRpiscih 0
aqueous solution having a turbidity of less ‘than 100 turb?dlty uni ts.
20. The pr ockesst onf m@mbiensel@fedvihen diergropeconsisiarg of plerdxides,aopmd optabysts, and
conprises: (a) from© to 30 nol % N-vinylfor 1 de noieties; (b) from
56 To 1 mol SRRV B Hes SRR P R G 1o S0’ moi o6 of one
or nore vinyl Cl1-Cl0 al kyl ester noieties; and (d) fromlto 99 nol %
of vinyl alcohol noieties, wherein the water-soluble copolyner is
essentially free of am dine rings as evidenced by a | ack of an
absorption in a 13C NVR spectrum of the water-sol uble copol yner
consistent with an am di ne carbon atom absorption. 21. The process of
Claim 12, wherein the free radical polynerization catalyst conprises
at | east one nenber selected fromthe group consisting of peroxides,
redox catal ysts, and azo conpounds whi ch deconpose to give free

radi cal s.
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