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20 expensive additional steps to isolate the polymer from the solution. The aqueous solution also

contains substantial amounts of frequently undesirable salts or acid. Other methods known in the
art include copolymerization of vinyl acetate with N-vinylacetamide and copolymer hydrolysis,
probably to the poly(vinyl alcohol)-co-poly(N-vinylacetamide; and copolymerization of vinyl
acetate with N-vinyl-O-t-butyl carbamate and copolymer hydrolysis.
25 U.S. Pat. No. 4,255,548 discloses ethylene/vinylamine copolymers which are obtained by
_ copolymerization of ethylene with N-vinylformamide and elimination of all formyl groups from the
copolymer by the action of hydrochloric acid.
Poly(vinylamine) copolymers are made indirectly by (co)polymerization of a derivative of
vinylamine, such as N-vinylformamide, and subsequent removal of the derivatizing group. Previous
30 methods for conversion of poly(N-vinylformamide) (pNVF) or analogous polymeric intermediates
to pVA entail hydrolysis with either strong base (U.S. Pat. No. 4,393,174) or acid (U.S. Pat. No.
4,808,683). Japan Kokai Tokkyo Koho, Jp 61 118406 (1984) discloses the preparation of pVA by
treatment of pNVF with a mixture of aqueous ammonia or alkylamine at room temperature,

followed by hydrolysis with aqueous sodium or potassium hydroxide.
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treatment of pNVF with a m xture of aqueous ammoni a or al kyl am ne at room
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polymers which are obtained by hydrolysis of copolymers of NVF with a variety of comonomers,
e.g., vinyl esters, N-vinylpyrrolidinone, (meth)acrylates, under strongly acidic or basic conditions.

25 Copolymerized vinyl esters are also hydrolyzed, especially under basic conditions.

U.S. Pat. No. 4,943,676 discloses the thermolysis of pNVF as a route to pVA. High
temperatures (>200°C) are required, conversions to pVA are low to moderate, and difficultly
soluble, crosslinked products are obtained. While the last disadvantage may be overcome by
inclusion of water, the resulting products still contain formate salts.

30 U.S. Patent No. 5,491,199 is generally directed to salt-free poly(vinylamine) and vinylamine
copolymers formed by heating N-vinylformamide or N-vinylformamide copolymers to a
temperature from about 50°C to 225°C in an aqueous medium in the presence of a catalyst
comprising a transition metal which is a member of either the first transition series or of Group
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copolynmers formed by heating N-vinylformam de or N-vinylformm de
copolyners to a tenperature from about 500C to 2250C i n an aqueous nedi um
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wherein the copol yner has a uni nodal nol ecul ar wei ght distribution as

evi den®&d by essentially one peak in a gel perneation gradient elution
chromat ographi ¢ anal ysis. hi another aspect of the present invention, a

wat er - sol ubl e copol ymer conprises a copol ynmer fornmed by copol ynmerizing: (a)
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In one aspect of the present invention, a water-soluble copolymer comprises a water soluble
20 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)y alkyl esters, and then hydrolyzing from
30 to 100 mol% of the formyl groups from the copolymerized units (a) to forrn amino groups and
from 30 to 100 mol% of the C;-C;¢ alkyl ester groups from the copolymerized units (b) to form
25 hydroxyl groups, wherein the copolymer has a unimodal molecular weight distribution as evidenced
by essentially one peak in a gel permeation gradient elution chromatographic analysis.
In another aspect of the present invention, a water-soluble copolymer comprises a
copolymer formed by copolymerizing:
(a) from 99 to 1 mol% of N-vinylformamide and
30 (b) from 1 to 99 mol% of one or more vinyl C,-C, alkyl esters, and thep\lxl_ydrolyzing from
30 to 100 mol% of the formyl groups from the copolymerized units (a) to form ar\r\lmo 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 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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(b) from1l to 99 nol % of one or nore vinyl G -C 10 al kyl esters, and then
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cl3a Qal kyk) est epntinyoysly deeding:e figst patiogpfadpiel ampwny of afese ragipalgpolymerization

si mul ﬁ?ﬁ BwS .of the free radical polynerization
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20 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,-Cy 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 into the reactor under polymerization conditions until the total .

25 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;

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

30 polyvinyl formamide and one or more polyvinyl C,-C,q alkyl esters, wherein the third period of
time 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%; followed by

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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pol yneri zation catal yst in the reactor under polynerization conditions to
produce awmoi2ntoanEdi at e copol ymer conpri sing pol yvi nyl forrmseicdeososl one or
nore pol yvinyl Cl1-G Qal kyl esters, wherein the third period of tinme expires
when th sothi dstcongﬁ%pt of ,the internedi ate copolyner in the reactor is

gr eat BPOPHANC SRS T DP] "20 wt% and | ess than or equal to about 70

wt % fol | opRglfdiYgding Baralihed rathel BRaBRRAE Fikires shdXeEishice? aBinyatics vt the

al cohol - co-vi nyl formam de h) hydrolyzing the intermnmedi ate copol yner under
ei t hepresant divention beerder hoatithie ditatled dessripdernef thi énvgatien thab falloives roaypes Yetter .

The f ' has.. i ned I he f hnical ...
acvantitpERoaf AR GAL ERFe ffladbrmmbt alesbEnel Vit P By iy
of5 t hyrintHe Sibjet of iR cldifls| T e MB¥ntih, bet t er understood. Additional features

and advantage$S of the invention will be described hereinafter which form
the subject of the clains of the invention. BRI EF DESCRI PTI ON OF THE
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tribution;. Figure 2.is,a,gel perneation gradient elution chromatographic
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igure 5 15 a gel permeation gradient elution chromatographic analysis chromatogram of an

20 inventive copolymer having a unimodal molecular weight distribution;

Figure 6 is a gel permeation gradient elution chromatographic analysis chromatogram of an
inventive copolymer having a unimodal molecular weight distribution;
Figure 7 is a gel permeation gradient elution chromatographic analysis chromatogram of an
inventive copolymer having a unimodal molecular weight distribution;
25 Figure 8 is a gel permeation gradient elution chromatographic analysis chromatogram of an
inventive copolymer having a unimodal molecular weight distribution;
Figure 9 is a diagram of an embodiment of the instant process; and
Figure 10 shows a 13C NMR spectrum showing both the presence and the absence of an
amidine ring in the instant polymer.
30
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
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N RI.NG NEWW5, 63(5 27 (1985 Pol f
51 £eactionof rés ( )%@?\gyne F%g fﬁﬁ!gvésfg beriogict ai’ge a
Copolmﬁy R tﬁ‘? ﬁéﬁeﬁCREAﬁﬁ‘EN éNﬁ@/sa&(B?Q?t(lém T‘Bf}?ﬂf@rrﬁa be used

OptIO nononer s en a Is referfred to as corrprlsmg

a m)ntamafer tdt ltmncrpmlmna's u@opmsgnnterpml)uims,puipylmers,retd, Heikpelsg aecopodyndranay of
t he oner n the .derivative formof the P% Li kewi se, when
cat al teaﬁﬁ e compriging atlepstiwg %@omppg?%y Pther WOEBOMETSt o g of t he

conponent syl {.érpg.ﬁé i oni c
formof the conﬁar‘?)gﬁé“sfs t &P%?%oﬁg&ﬂ?giﬁi&n%@ﬁﬁ@gﬁ%ﬁ%?@%ﬁ@%gfﬂéhr@oduce
ptd ynpolymeris thispelyinerizediformtof et mpnd»ménmrm tteesdezveti eerfoinmyafdhemonemen nmonl y
understood in the ¢chem cal arts:; s. (" ") uysed to re sent associ ati ons
bet wektkewisgnwhencatalyst compongpts ?fﬁrdﬁ dé% EUéP’é?B%InWtF‘“ &%ﬂ%a '?’5 and

- Dondtdtiponcls & kel hdldr@od By bAPUGHE I Had, BRI thaidhid Jam dffth&&ﬁﬂb&ﬁht faond,

as these Ines and phrases are neant to represent a "chem cal bond"
chemleafbmbthadx‘eactemnhetﬂeﬁmnamemtbrmaducvqaofymem bet ween at ons t hat |s strong
enough to Rermt the co S a.unjt

d aggregate to function
" compound" AS Bfedsreim: Ssrwewélg’g{éw_ﬁgq 9 EIPIed g8 Resosmmgnly HBg oo i the
VB T crRlitd? hfts; QRO (AIEF) SBARS tepteibntthssociations between atoms, as well as the phrases

“associated with”, “bonded to” and “bonding”, are not limited to representing a certain type of

chemical bond, as these lines and phrases are meant to represent a “chemical bond”; a “chemical
bond” defined as an attractive force between atoms that is strong enough to permit the combined
aggregate to function as a unit, or “compound”.
25 Broadly, the present invention generally provides a water-soluble copolymer comprising a
copolymer formed by copolymerizing:
(@) 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 formy! groups from the copolymerized units (a) to form amino ‘groups and from 30
30 to 100 mol% of the C;-C)o alkyl ester groups from the copolymerized units (b) to form hydroxyl
groups, wherein the copolymer has a unimodal molecular weight distribution. In an embodiment,
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
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chain; this is commonly called compositional drift. The copolymer is then subjected to

saponification and hydrolysis, same as above.

25 The effect of this drift was observed m the formation of haze when the polymer was stirred
in water at room temperature (both the saponified and hydrolyzed samples). In addition, the instant
polymers are more reactive compared to the prior art since amidine rings are not present in the

polymers and thus more amine groups are available for reactions.

30 Polymer 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 residues and vinyl
7
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t20 99 nol eThE instant polyvinyl amine copolymer preferably has the structure:

Q ?!i NH3
i H
(t:zo - (“;::o
CH, R

where m is 0 to 30 mole %;
nis 1 to 99 mole %;

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
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SRR CTRATEN T N RO .
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prefera ess than or "equal % pol yvi nyl” ‘am ne,” base on t he
t ot al ecmanu rabowtf2 5trhel % girgferabi leaemham oreqnl yonaboup2@ swifto, preferably less than or

equal to about 15 mol%, preferably less than or equal to about 10 mol%, preferably less than or

equal to about 9 mol%, preferably less than or equal to about 8 mol%, preferably less than or equal
to about 7 mol%, preferably less than or equal to about 6 mol%, preferably less than or equal to
25 about 5 mol%, preferably less than or equal to about 4 mol%, preferably less than or equal to about
3 mol%, preferably less than or equal to about 2 mol% polyvinyl amine, based on the total amount
of the polyvinyl amine copolymer present.
In one embodiment, the weight average molecular weight of the polyvinyl amine copolymer
may be greater than or equal to about 5,000g/mol, and less than or equal to about 2,000,000 g/mol.
30  Within this range, the weight average molecular weight of the polyvinyl amine copolymer
preferably is greater than about 10, 000, more preferably greater than about 20,000, more preferably
greater than about 30,000, more preferably greater than about 40,000, more preferably greater than
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
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enbodi nent, the polyvinyl anine copol ynmer may have a pol ydi spersity,
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t han dreasefuhan erequsbigrabgut 4yanere preferaplyngroatey tham er equahte ahoubguperetnseiamblit 6,
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nmor e pirédiarthd or @juabiotibolil 8} indre peforablyt %ezitbﬂhhn bPequabiccatidued ahévelpreferabit er

than or equal to about 15, nore preferably greater than or equal to about
20, ngreaterrtbanerggual tgrabautel0, magn praferablygreater thaypor equal torpbeut by, afase prsifsrably

about BB aEr S0 AbBuPHE Wqrd BrefiRhS SLIGTRAP o lRER Bt At pfiRY ' ©
this rgegethiher dphltol abpht F0)inite pRIFEMYIFRITedi® thirbdCeqhalPRl AbBUSIR nfdré PrePérablgs s

than or equal to about 45, nore preferably | ess than or equal to about 40,
nm8Pe (areqterthan gr qquaktorabant 4% equal to about 35, nore preferably |ess than

o ef o abt y 28R W2l JTREE oL USR5 00 By B pPudRly ™
equal thah GxQual thabotid% mdr€prfahbly 1¢s8 $i5an dt@qualito BG40, thoddpreferdly 16¥0 tian

preferably | ess than or equal to
or equal to about 35, more preferably less than or equal to about 30, more preferably less than or

equal to about 25, more preferably less than or equal to about 20 more preferably less than or equal
25  to about 15, more preferably less than or equal to about 10, more preferably less than or equal to
about 9, more preferably less than or equal to about 15, more preferably less than or equal to about
8, more preferably less than or equal to about 7, more preferably less than or equal to about 6, more
preferably less than or equal to about 5, more preferably less than or equal to about 4.
In an embodiment, the instant polyvinyl amine copolymer has a unimodal molecular weight
30 distribution as evidenced by essentially one peak in a gel permeation gradient elution
chromatographic analysis. A suitable gel permeation gradient elution chromatographic analysis
may be found in Waters Corporation Publication No. WA 10192 entitled, “Waters Alliance System:
Gradient Analysis of Polymer Blends” Published by Waters Corporation, Milford, Ma. Available at:

http://www.waters.com/waters/library.htm?cid=511436&1id=1536540
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about 9, nore preferably |less than or equal to about 15, nore preferably

| ess than or equal to about 8, nore preferably | ess than or equal to about
7, nore pwefereai3hirzl ess than or equal to about 6, nore pceEfusecabloysobgess t han
or equal to about 5, nore preferably less than or equal to about 4. In an
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1154 368lvent |stant3 65idl) DAYa W atarll ol rasetonittile AGN) asdime 8t minutagy antd &ntshed with §§%
chro r i L ysis ingl e .follow ng steps..and conditions: HPLC
condi ArBrsa 2086 af ke SPgr 1aACTan0intes HhedesBas BRTmLY TR imEm

Sol Vel%w'?“tl@rrﬁﬁm%t h 99% Water / 1% acetonitrile (ACN) at time O m nutes,
and finishes wth 80% ACN and 20% of 99% Water / 1% ACN at 10 m nutes. The
ranp Cslunmi PBREYS)i40R0A NS Micron, SFkavé min, Gempérature €10d6n: PLRP- S54000A, 8

Mcron, 50 x 4.6 tenperature at 400C Injection volune: 20 Mcroliters
Sanpl@lqcp%rgow&)%‘é(?g‘g‘ﬁ?at ive light scattering detector (ELS) after

FﬁS! S 1Erf@%hnw§n wafg{%glgwggm sEAtfering QQ&Jcid?f‘(ELSNaHEPEEé&h&%JJgH%@Hﬁ;@

mn uli zer tenpe 900C Evaporation tenperature at 1200C Dat a
acqui sdlamon i s through Atlas chromat ography system Sanple preparation
takes_a_ 1-2 percent solution and heats at 850C for an hour while stirring,
t hen EbdEomillonsgown to room tenperature (i.e., 250C.) Filter through a 0.45

M crpﬂigdggng&S ﬁ(WVQh‘ZO%Ii/rHHl vial. Figure 1 shows a conparative perneation
gradi ent “el Gt1 on chromat ographi ¢ anal ysis wherein two peaks are

di sceNaatlizer tefaperapure pp9@*C herein, Figures 2, 3, 4, 5, 6, 7, and 8 show an
i venlt;_li ve c_ogo‘lgémsr havi 3§°é uni nodal nol ecul ar wei ght distribution as

e\R dekrapgration deraperptusg #1286 heak in a gel perneation gradient el ution
chromat ographi c analysis. Inportantly, the single

Data acquisition is through Atlas chromatography system.
Sample preparation takes a 1-2 percent solution and heats at 85°C for an hour while stirring, then
cool back down to room temperature (i.e., 25°C.)

20  Filter through a 0.45 Micron filter into a crimp vial.

Figure 1 shows a comparative permeation gradient elution chromatographic analysis
wherein two peaks are discernable. For purposes herein, Figures 2, 3, 4, 5, 6, 7, and 8 show an
inventive copolymer having a unimodal molecular weight distribution as evidenced by essentially
one peék in a gel permeation gradient elution chromatographic analysis. Importantly, the single

25  peak refers to the analyte and not to any salt and/or solvent peaks in the chromatogram, (e.g.,
typically seen in the Figures at or about retention time 0.75.) In addition, a slight tailing shoulder
on the peak as seen in Figures 5-7 is for purposes herein, representative of a unimodal molecular
weight distribution, and likely do to overloading of the column in the Figures.

In an embodiment, instant polyvinyl amine copolymer has a unimodal molecular weight

30 distribution as evidenced by a 4 wt% aqueous solution having a turblgh}y of less than about 100
turbidity units. For purposes herein, turbidity units indicate Nephelometric Turbidity Units (NTU).
Turbidity is measured using a nephelmeter, the use of which is commonly known to one of minimal
skill in the art.

In an embodiment, the turbidity of a 4 wt% solution is preferably less than or equal to about
11
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absorption. The process by which amdine rings formin the copolymer is
represented as follows: Wierein amde noieties in the copolyner react via

i ntranol ecul ar reaction to produce the am dine rings. The presence of such

ri ngs deterlmu-ned CNIVR s shown |m 10qand as_descri bed as
fol [ ows i NGy e TES ncgfbfég\\FﬁiBth?Bn in
the ran e 150 ppn1nay ta e an anldlne ring is preg in

copol ymerNlti n an enbodi mentk t W< gsbant copol ymer is Wsertial IWfree of
am di ne rgngs as evi denced by a Iack of an absorption in a 13C NMR spectrum
of the ymer consistent with an am di ne carbon atom absor 'fdﬁu(e.g.,

150 ppmor equivalent.) For nore information see Wtek, Ewa, Pazdro, Mrcin
aq% Bortel, Edgar (2007) 'Mechanism for

Wherein amide moieties in the copolymer react via intramolecular reaction to produce the
amidine rings. The presence of such rings may be determined by BCNMR 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 13C 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

DOI: 10.1080/10601320701235461 URL:http://dx.doi.org/10.1080/10601320701235461
12



Base Hydrolysis of Poty(N-vinylformam de)', Journal of Macronol ecul ar

Sci ence, Part A, 44:5, 503 - 507 DO : 10.1080/10601320701235461
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and t heduced edorRoafparadead kaownpcopgdymess isoffemdrtiersina plurality of am noal kyl
ni Br ogen-substituted acryl am de ners, preferably wherein the am noal kyl

sdBstituent is hydrophilic, e.g., contains |less than about 8 carbons. In an

enbodigget fy'ﬂﬁer?‘)' yvinyl am ne copolyner may conprise various |evels of
hydr ol ysi s wth regard to the am de groups (hydrolyzed to am nes) and/or

t he ester dJnaodditiod, hbdmtayttp«dyﬁmybdmmh@bpol)rmﬁumaalbbeoinbmldsmdfvdr;ouisoI yS| s
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ref er I
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p2ef e nmmdﬂlygﬁnﬂ!oﬁﬁnBéhlendé lamminoethyl mefydate hyldrovhlohidey Ne-ateghrylarhio 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
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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 polyvinyl esters homopolymers. For example, the reactivity constant under

polymerization conditions for vinyl acetate (ry) is estimated to be 0.09, in comparison to the
14
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pol ymgt;li zattioo_n conditions for a first period of tinme; e) after the first
perio of% e, conti nuousl y feeding for a second period of tine, a second
portion of dhe _rbo&i"tiﬂl\(desWﬂEBdlhg@ fat porilory b y/iot AW ESY f fréytatRhEpolpineritdidon
reactor while sinultaneously Ffeeding a second portion of at |east one vinyl
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si mul t aneougl y f eedi cond..por t4,0n the .fr adi cal I rization
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t he frpodymerization conslijonsrforatirspeded ef time; have been fed into the reactor; f)
foll owed by.,contacting-for a third period qf time, .the n-wvinvlfo m de and
the ot 1 ot oncr iy irefbefby'ofefs, BRRURPu i ot 8 Sr bt BF FREL S

r 2@ Cadecdifdl poitsn sftht avis@fainuiiidd & & MQinylformamide flow rate into the reactor while

simultaneously feeding a second portion of at least one vinyl C,-Cj 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 into 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

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;-C;, 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;-C,, alkyl esters, wherein the third period of

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

g2) 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
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about 120 minutes, prefefably greater than or equal to about 30 m nut es
pr ef er atdugl @rabaute?o mhmtesopre&qalzly gtezatexbhan orkeq0alrtp abow 80 minufes; prisferably gmamr

th I t t h | .
bbout 1166 b saseCio SRR A E RS breerel vl e ooaBaC ik, bk abty
pr ejeer aglexteﬂ&lﬁ%@éqo&jﬁmb%t ?pmkm&& ﬁ%&b@%%arer%ﬁxﬁ& e aar%%a@d 120%h il
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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.
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preferably | ess than about” 50% preferably |ess than about 40% preferably

| ess t&ddnd.about 30% preferably | ess than about 20% of the t ot al am)unt

requi red. hi odi mept C st fl r uaI

sggond cat "?DEB h’a?h&"ﬁ}o Ofr f"'i“%é’ ORTft 8 'iyhi ﬁ%

procesge Hﬁﬁde' anll ke és%r%nmw twisith hiiﬁs is adfedrydio Haénla@@waig%&erab& a%ut
enbodi nent, the nol ratio of the catal yst (corrected for activity) to the

r eact &h0@l mbout Q. he Within] énamhgc,hbe €4Y eaticisréfaxalily, grodtercthan at equal to atwrutar red
to her as GV, is erabl about t out 0. t

rgnge (ﬂ)(ﬂze {f/fva%{tglr ‘? o2 5?%@?@%9 ?foﬁlﬁggrgl%%ﬁ?f i gr %L{E’ OB 2,

pr ef erg@bbay 8&&&@&1 56 a'?é%ﬁhéifo tolaBod o5 %r&&%blyrgréa{t&rtﬁm ¥r &fudbPicdbolhan or

qual to about 4, preferably greater than or “equal to about 0. 005,
&f erGi006, prpferably greatexrthasy oreagiual totaboutbR7, @rﬁ@@bly;graterthm 9r @mehtoeabouhan or

S?E? oS0 Pifterablyersiten i rgied o RS BE009. orele bzt hh o GheboAboBh 4 Lor
equal drefepiBBireMeOthan B @({Lﬁ[ ﬁ)bal%ugf) eal sreferdly gﬁr‘ate? tHadlor Quatk9 Hbol 003,

preferably dgreater nan or equal to about O preferably greater than or
equal prefesdbbugre@enthan pr eduat tidbputyp H41 mefem:iyn greatee thaalor equad o abowd 00,

f ter, th | bout .Q. 06, f erab te h
Pual Rctetb et B etat Gutioun b D cirplerapti swmueB fiemior eaual oot o " ©"
POl erpbieyably) Ga4ter thhl Bf‘ec?ihl R4t .08 3heftratily DRateftima o%gﬁmrﬂo hbdu or@nge the

C/Vratiois preferably Iess than or equal 10 about 5, preferably |ess
t han or equ@lﬁowhabmra%ﬂﬂfﬁ CH¥ edtiorisprefernblydessithan arrequajuealabowt GRSt 0. 075,

P ge;géﬁ? e%xb[y gss han %ﬁ‘ﬁf @ q%:ggts(s) Pﬁgﬁp%ferabpyGIeks .En? Lre er:q%aj % lbemsl{'5 0 59? I}rg{em%%ual
less than or equal to about 0.065, preferably less than or equal to about 0.055, 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.

In 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,
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or equal to about 0.045, preferably |less than or equal to about 0.035,
preferably |less than or equal to about 0.025, preferably I ess than or equal
t o about WoQdb/o3m7ef erably | ess than or equal to about @Cc@AB200M0as0es abl y

| ess than or equal to about 0.008, preferably | ess than or equal to about

0. 007, uprP ? %Qhﬁér ﬁ%ﬁ%&lﬁﬂ t@ bl 0 I’é?ex@gﬁlél&leaq’e Q.Pgno 4 Ofo%hﬂtégss than

or equa an enbod ment rati e anide to
t he espreferablpehter danor iequal a6 esour 0.6, préferablypreaerithah or qqual mfabbmb(b g, about
0.01 to about 1. Wthin this range, the MV ratio is prefera reater
t han oprefsgably ereater Hantor gaw to 88, prefergbly areater thamorpdval; P Bbout

0.03, prefe Y reat er
t han or equa Bt%ﬂg]bou%%gégﬂ@%éﬁgg%g/ gragogfer @ﬁg;&re qua@#(xg%bout
0. 86, pmefetablylekythgn eab@ral tdabou 0.880prelerilsly dd3e uian(eraual o abaut &5y paferablgr
than or equal to about 0,08, preferablg@greater t han or equal to_about

ohog Isssthan agapalioabout 0.6%mictsrablyleas thap opeeal tyabout B58¢ prefarbly lsse thasror
05 o B Wbt B Metefih 80 GLE bARIAL & BRUEO 55, Ry idEtnah Or BBMbo |

or equdtout @25 aeferdblylespthah of édplay tatsait 115§ ﬁk&ﬁ:rﬂfly Gegbl &{ant(ﬂ eqba:mé aboui 0.09,

preferably greater than or equal to about 0.7, preferably greater than or

equal Rrefezahbylesythgn oppqial mhwt 8108 aprsferably ﬂﬁSé ﬂlaéqlﬁﬁﬂuqléo ab1i0.0y, preforpbly

Wi t r r or equal to about
195 r\18% %nrét tesgsi,l)g{lﬁé\éts E{efé}aﬁlﬁl{%% OE}Q ﬁdég%ﬁ%ét&%esr ably less than or

equal t o abiauin éabtdimeaitethe tiaibd pericﬁs@f ttrhapreﬁarralﬂg eRpirdsoviedmatit sélidsTontent of the
preferably | ess than or equal tq about O0.55, referablé | ess than or equal

to abdgtermediate copalymes ) e reastors arcatsy thag exrequal to abrit 28 vako, apd lese thaBlof | ess

than o (ﬂgp lt r t 15,

pr ef eréz’i %(ltaxs“gtozt v@ﬂgéﬂppgﬁl ggbtgig'ltﬂy bA 6@%@2&?&6&%%‘9{%% %‘rgequal
to aboseshdﬁ) c&ﬁentmfﬂiﬁh&mnydlhe%pbmr o theGedtorti® grdate thad. d? équiine wcsmbbywd"/gs S
than or equal to about 0. 06, preferably |ess than_ or equal to_ about

r1| ag reeds el A W% WithiSQ wigo beipg srpre praferred. s aathin thissapge, dhe mﬁémepﬁé of
or cquifi PisPabifiexbints MR onfenbO M Sichcdiite cbEAGNEL ' BHoER) F1et™™"

thi s riaager equaktotdbotdd peri od of t| nme preferably expires when the solids
content of the internediate c ymer in the reactor is greater than or
cqual QSEBTETeTblyos D ef equ Ky A0F0 38 SHSAumih 166 tm@TRSAGIOAGPE: 45 6¥%r r od.
Al so ge, the third period of time preferably expires when

t he smé‘%&%‘é& gf the internediate copolyner in the reactor is |ess
t20n or equEiure® depints indllook fidrmpaebatliab by tHedfstaitiprocess. equal to about 55
w% with less than or equal to about 45 wt % being nore preferred. Figure 9
depicts in block form an outline of the instant process. EXAMPLES

EXAMPLES

Testing was conducted to determine the optimum 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



Testing was conducted to determine the optimumconditions to produce the

i nstant pol ynmer. Continuous feeds for nononer and catal yst were carried out
t hrough two 2dmesge2punps (see Figure 9). An additional wesdaskoosmssoased to
make-up the catal yst suspension/solution in Methanol. This drum was

equi pped W t r a.Nt flex t vent
val ver den"t Hurd BRiaRgER gt & Bainareed At B ERPE Oy Taf AN

Initi at&hcéﬁ%do&ﬂmlaeh&gss%mw M/eugb.73) dosage punp. The instant process
used a constant reactor terrperature (at 64C) and at nospheric pressure. 1.

MV at 0.55 WM an overall nono##¥kgoncentration of 64.5%and C/V at
0.0048. Sem rﬁﬂ:ch addi tion: Ini tif kcharge + two continuous feeds. Total
reaction ti six hours (three ht8*®ach for catalyst and nononer feeds to
be gdded andytbyee hours post pOj;g’}‘rE%l zation for nononer.) Batch cycle tine
is nine hours. Addition order for atch size of 1414 kg:1. Add initial
charge (half of the total charge) and heat up to reflux (640C). The VAM

ty at t i 2% V.= 0.7 VAM 438 kg NVF 14 k
vaon 397 ko i SeniPuittend SR tRadek S GiRallvToR i Memndl o Ton in O
Met hanol . 1 1. Per kngadok96/Neddti4. 32kg/ 49&%%956 Rk NEe6Reh@htidt = 3.2%%% Afllition of

Addition of catalyst solution (feedl) is ne over three ours wth a nass
addi t i catalyst eoloﬁoro(fesllll@ﬁ done o(vtehthseq aury with asmassiadditio ra of Or59i kgymin (this iser
glnut es af# %QE/I]%IQS” of feed 1 start addi ng continuous feed 2 w thout
|nt rr 6eY d 2 contains VAM and NVF MV = 0.23 (feed 2) OV =
0. 008 VAM 3& 0\ V50 llkthed Bt h/btittof PRAY dr Bding oSBTl bvithdsi 1 1)
While the reaction tine is six hours (three hours during continuous feed,
two andntetmpeéngfeed 3. Béedduedntajng NAMiandNVId| yneri zati on) the overal | bat ch

cycle will rqu i hours: 1 initial charge + 1 heat-up + 6 reaction
time + 1 enﬁﬁ{/‘?t‘w(#&{%wm ON CONTROL:

C/V = 0.008
15 VAM 382kg
NVF 70kg

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 (NVF/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
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The control of the product viscosity and conposition is based on: Changing
the ratio of Perkadox 16 initiator to the total amount of vinyl nononer
(CV). Cwogorg3vdre ratio of nethanol to total anmount ofPCTiusgdosmasvesrer
(MV). Changing the ratio of NVF relative to vinyl acetate (NVF/V) Paste

striping Unr ted VAM stripping is proposed to be done using the current
4n8 re;tc‘{‘ﬁg%ﬁgaﬁ‘ﬁﬁﬂfstri ppi ng systemuntil reaching~ 2% un-reacted VAM

after (}hgtl&,ia@%}dvﬁ&ﬂcme&hmessegﬁp%iaﬂ cation Not changed from current
processes in the artLodi ge Hydrolysis Not changed from current processes in
the art Methanol wash of the Sodium acetate and Sodium formate salts. Not

changed from curren rocesses jn the. ant ss hal ance for the process:

Tot al ngfé'ab‘PfVﬁ%h Béﬁl@f‘?qﬁ “T?fﬁéaﬁ%?n&f’g‘worm ﬁtsi?]g% is prepared by m xing
cal gul ayQEhanRAIn clfem Pfdbesss iltHelardox 16 with 99 Kg MeOH. This recipe is
for the solution polynerization carried out in nethanol in 4n8 reactors.
Sanpl es: The foll ow ng procedure was used: 1. Charge initial charge to Pkl
(mxin 2. Heat initial charge to set tenperature (by controlling

pr essu%}‘sssl??lg?%ﬁ‘lf’rﬁé‘fﬁff’cfﬁed of nononers and initiator (feed rate set by
DOE) 4.7z BiqhdB4ith fselaqft'k@ﬂCﬁ\ﬁl#’sﬁidl&Ebn’i@bréﬂére@@?)mﬁc-ing%zﬂédlat@@hﬁhﬂﬂitﬁ he
reaction mxture by gear punp to PK2, 10 min before the end of )
post - r da32kgrof(Feritadow i baviths9DK2 MeOHHEhisredip®isNe e selutian pelymsgrizatiprecarried

m xture fromPKl i.s maved to PK2, take a sanple fromPK2 to determ ne the
coﬁber QUb I sthapelip M FeaCRIN Y e resi dual VAM by stripping col um. 8.

Determ ne residual vinyl by bromne titration and by head space. 9.

Det ermi ne conpositional honogeneity by ELS. Detail ed procedure for run
order #Sampbespl e DOE 1:

The following procedure was used:
Charge initial charge to Pk1 (mixing)
15 Heat initial charge to set temperature (by controlling pressure)
Start delay feed of monomers and initiator (feed rate set by DOE)

Continue post reaction (duration set by DOE)

A A

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



FD (delay feed) tinme: 6 hrs Post
800C Assuned conversion in all
t he wei ghwocorpssi7zi on of MeOH to t ot al
into 500 g for initial

F67 %h{\i&lgtx

.39 I\/Ethazmj 75 g Feed rate:
FD (del ay feed) tine :
C/'V: 0.MeO8 M V: 0.4 Téibe(plitinto 580 g for injtial ¢hryge gnd 100 g for

initiator solution feed)

Tenper at ur e:

450 g (split
f eed)
Mononer

Tri gonogotgld 5
i nput vari abl es:

Ay

reaction time: 3 hrs V. 0.007 MV: 0.6
55% solidAt an MV = 0.6
Potrais20020000g MeOH
charge and 100 g for initiator solution

E0LL g Wigr g wiff e

0. 22 g/mn
2 hrs Post

i al,.

%mbo 12 g MeOH 375 g

Initiator del ay:
Sanmpl e DCE 2 DOE
reaction tinme: 3 hrs

5 VAM 683 g
NVF 67¢
Imitial charge:
VAM 455 g
NVF 12g
10 MeOH 375 g
Monomer delay:
VAM 228 g
NVF 55¢g
Feed rate: 0.79 g/min
15  Initiator delay:
Trigonox 23 53g
Methanol 75 ¢
Feed rate: 0.22 g/min.
20 Sample DOE 2
DOE input variables:
FD (delay feed) time: 2 hrs
Post reaction time: © 3 hrs
C/V: 0.0038
25 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 '
30 VAM 788 g
NVF 67¢g
MeOH 345 g
Initial charge:
VAM 525¢g
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At an MV = 0.4, the ratio of MeOH to nononers is: Mnoners 855 g VAM 788 ¢
NVF 67 g MeCOH 345 g Initial charge: VAM 525 eNVF 12 g MeCH 270 g Mononers
del ay: VAND26B/g0NYF 55 g Feed rate: 2.65 g/ mn |nitiat@ecTask@y00sipg gonox
23 3.2 g MeOH 5 g Feed rate: 0.65 g/mn Sanple DCE 3 DCE i nput vari abl es:
FD (de[ll‘@ feed) tine: 52 hrs Post reaction tine: 3 hrs ¢V: 0.007 MV: 0.4
Tenperature: 600C At am" MV = 0.4, the ratio of MeOH to nononers is
MononmewsOB55 g VAM 780 NVF 67 g MeOH 345 g Initial charge: VAM 525 g NVF

12
J Monomers delay:

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: 04
Temperature: 60°C

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

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

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

VAM 263 g

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

Trigonox 23 6g
MeOH 75¢g

22



MeOH 270 g Mononers del ay: VAM 263 g NVF 55 g Feed rate: 2.65 g/mn

Initiator delay: Trigonox 23 6 g MeOH 5 gFeed rate: 0.65 g/mr Sanple DCE 4

DCE i nputwoanicaishzs: FD (delay feed) tinme: 4 hrs Post reatttisesvoosms 2 hrs

CV: 0.0054 MV: 0.5 Tenperature: 70 C At an MV = 0.5: Total: 1200 g Tota

Mono s .800 g VAM 73 F 67 g MeOH 400 g Initial charge: VAM 489 g NVF
Vst Godglity.

12 g 355 Mononer VAM 244 g NVF 55 g Feed rate: 1.25 g/mn
Initiator delay: Trigonox 23 4.3 g

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¢g

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

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

25 Trigonox 23 43 g
MeOH 75¢g
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



MeOH 5 g Feed rate: 0.33 g/mn Sanple DOE 5 DCE input variables: FD (delay
feed) tine: 4 hrs Post reaction tinme: 2 hrs V. 0.0054 MV

0. 5Tenperwown®/039720C At an MV = 0.5: Total: 1200 g Totalr/uskevomesoss 800 g
VAM 733 g NVF 67 g MeCH 400 g Initial charge: VAM 489 g NVF 12 g MeCH 325
Mononefs_d . VAM NVF 55 g Feed rate: 1.25 g/mn Initiator del ay:
Triggﬁ%%?’%gg .3 g I\/e@fbfg g Feed rate: 0.33 g/mn Sanple DOE 6 DOE input
vari abAesm MAD=@sl ay feed) time: 2 hrs Post reaction tinme: 3 hrs CV:

0. 0038

Total: 1200 g
Total Monomers 800 g
5 VAM 733 g
NVF 67¢g
MeOH 400 g
Initial charge:
VAM 489 ¢
10 NVF 12g
MeOH 325
Monomers delay:
VAM 244 ¢
NVF 55¢g
15  Feed rate: 1.25 g/min
Initiator delay:
Trigonox 23 43¢
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¢g
VAM 788 g
NVF 67¢g
MeOH 345¢g
Initial charge:

24



MYV: 0.4 Tenperature: 8Q0C Total: 1200 g At an MV = 0.4, the ratio of MeC
Mononmers 855 g VAM 788 g NVF 67 g MeOH 345 g Initial charge: VAM 525 g NVF
12 g MeOHva2@op3ddraoner s del ay: VAM 263 g NVF 55 g FeedPCaius2002/0689¢/ m n
Initiator delay: Trigonox 23 6 g MeOH 75 g Feed rate: 0.22 g/m n Sanpl e DCE
7 DCE{,%t vari abl eS'esFD (delay feed) time: 2 hrs Post reaction tinme: 1 hr
cv. o 8 MV: 0.6 5|2 n%erature: 8Q0C W need to nmake sone assunption on
convergven (without ifagit will be inpossible to calculate the conposition
of NVF). Assuned conversion in all cases: 55%solid At an MV = 0.6 the

wei ghtMeOHposi tion of23kH to total vinyl will be: Total: 200 g MeOH 450 g
(spli tﬁog})ge?so&l%:for initial charge and 100 g for

5 VAM 263 g

NVF 55¢g
Feed rate: 2.65 g/min
Initiator delay:
Trigonox 23 6g

10 MeOH 75¢
Feed rate: 0.22 g/min
Sample DOE 7
DOE input variables:

15  FD (delay feed) time: 2 hrs
Post reaction time: 1 hr

C/V: 0.0038
M/V: 0.6
Temperature: 80°C

20 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: 200 g

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

VAM 683 g

NVF 67¢g

Initial charge:

VAM 455 g
30 NVF 12g

MeOH 375¢g

Monomer delay:

VAM 228 g

NVF 55g

25



initiator solution feed) VAM 683 g NVF 67 g Initial
12 g MeOH 375 g Mononer del ay: VAM 228 g NVF 55 gFeed rate:
I ni ti at orwodebewi3o3izi gonox 23 2.85 g Met hanol

Sanmpl e DCE 8 DOE i nput vari abl es:

time: 2Fhrs

1200 g

cVv: 0.00
58 X onomer s

Tenper at ure:

VAM 489G F délayg MeOH 325

10

15

20

25

30

Trigonox 23
Methanol
Feed rate:

Sample DOE 8

DOE input variables:
FD (delay feed) time:

Post reaction time:

C/V:

M/V:
Temperature:
Atan M/V =
Total:

Total Monomers
VAM

NVF

MeOH

Initial charge:
VAM

NVF

MeOH

Moeonomers delay:

VAM

NVF

Feed rate:
Initiator delay:
Trigonox 23
MeOH

Feed rate:

285¢g
75 g
0.65 g/min.

4 hrs

2 hrs
0.0054
0.5
70°C
0.5:
1200 g
800 g
733 g

" 67g

400 g

489 ¢
12 g
325

244 g
55¢g
1.25 g/min

43¢
75¢
0.33 g/min

Detailed procedure for run order # 9

DOE input variables:

FD (delay feed) time: 6 hrs

Post reaction time:

3 hrs

char ge:

FD (delay feed) tinme: 4 hrs Post

26

VAM 455 g NVF
2.36 g/mn
75 g Feed raras2@96850g9$ m n.

reaction

54.,. 700C At an MV = 0.5: Total:
%%ggn%AM 733 g NVF 67 g MeCH 400 g Initi al

char ge:



Mononers del ay: VAM 244 g NVF 55 g Feed rate: 1.25 g/mn Initiator delay:
Trigonox 23 4.3 g MeOH 75 g Feed rate: 0.33 g/mn Detailed procedure for
run or derwé 201003B72nput vari abl es: FD (del ay feed) ti merCcé/useaofembs
reaction time: 3 hrsCV: 0.0038 MV: 0.6 Tenperature: 600C W need to nake
sone a@'i}grrpti on on co(?ﬁ@}g?i on (without it, it will be inpossible to
cal culdt'e t he conposi T of NVF). Assuned conversion in all cases: 55%
solid pgyvan MV = 0. 6pphe wei ght conposition of MeOH to total vinyl wll
be: Total: 1200 g MeOH 450 g (split into 500 g for initial charge and 100 g
f or i nlempearynresol ut i oﬁ)%ed) VAM 683 g NVF 67 g Initial charge: VAM 455 g
{\'XIF ¢ Il N P'é/g&_{oaég}ﬁe &m“ébé‘s‘é’%ﬁtigr? l)r? %bnv\é'?‘s%nz 6\&8'\1tl%ut 1 !: it %515111 Be 'i:r%%gssgb% % ca?c':lﬁa?te %em n
5 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)

10 VAM 683 ¢

NVF 67¢g

Initial charge:

VAM 455 g

NVF 12g
15 MeOH 375 g

Monomer delay:

VAM 228 g

NVF 55¢

Feed rate: 0.95 g/mm
20 Initiator delay:

Trigonox 23 285¢

Methanol 75g

Feed rate: 0.22 g/min.

Detailed procedure for run order # 10
25 DOE input variables:
FD (delay feed) time: 6 hrs

Post reaction time: 1hr

C/V: 0.0038
M/V: 0.4
30 Temperature: 60°C
Total: 200 g
At an M/V = (.4, the ratio of MeOH to monomers is:
Monomers 855¢g
VAM 788 g
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Trigonox 23 2.85 g Methanol 75 g Feed rate: 0.22 g/mn. Detail ed procedure
for run order # 10 DOE input variables: FD (delay feed) tinme : 6 hrs Post

reacti on worre1o/d3odre G/ V: 0.0038 M V.. 0.4 Tenperature: 6EOTURR0I0050200 g At
an MV 0.4, the ratio of MeOH to nononers is: Mpnoners 855 g VAM 788 gNVF
67 ¢ 345 g Initi charge: VAM 525 g NVF 12 g MeOH 270 g Mononers

del ay:"'VAM 263 g NVF gg Feed rate: 2.65 g/mn Initiator delay: Trigonox

23 3. 20e@HVEOH 75 g Feggigrate: 0.22 g/mn Detailed procedure for run order

# 11 DCE input variables: FD (delay feed) tinme : 2 hrs Post reaction tine:
| hr Inmitial charge:

VAM 525¢
5 NVF 12¢g

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

10 Feed rate: 2.65 g/min
Initiator delay:
Trigonox 23 325¢g
MeOH 75¢
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: 1hr

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¢
MeOH 450 g
Initial charge:
VAM 455 ¢
NVF 12¢g
30 MeOH 375 ¢
Monomers delay:
VAM 228 g
NVF 55g
Feed rate: 2.36 g/min
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CV: 0.007 MV: 0.6 Tenperature: 600C At an MV = 0.6 Total Mnoners 750 g
VAM 683 g NVF 67 g MeOH 450 g Initial charge: VAM 455 g NVF 12 g MeCH 375 ¢
Mononer s wel2a1/03885M 228 g NVF 55 g Feed rate: 2. 36 g/ m mCmiuszewoosodel ay:
Trigonox 23 5.25 g MeOH 75 g Feed rate: 0.65 g/ mn Wrksheet sunmary (L12):
Tot al 1 ¢cql,s:. 1200 g Total VAMsplits at a ratio of two to one for
initi&ﬁnganmgpgﬁl?'ﬁy charges. * Center point* PVOH co-NVF ** PVOH co- Vam
(hydr airjgbagx ag refl uxspepgperature/2 hrs/ 1.2 Meq NaCH based on assuned 12
nol e% i ncor porati on) PVOH co-Vam ELS *by titration with nethyl orange ** by
titratMe@Hw th br oropfegiol *** by NMR ( from A Sanford, Ticona) It should
be under od, of co t.hat the foregoing relates to preferred
errbodiq’%%%%és%e‘of t he ih@@ﬁ%“&ﬁ and that nodifications nay be made w t hout
depar tWagksheeunapp(IL12): and scope of the

Total chemicals: 1200 g
Total VAM splits at a ratio of two to one for initial and delay charges.

Initial charge Delay Delay | catalyst
MeOH/VAM/NVF | VAM/NVF g/min | g/min

Run | C/V MV | %C

3+
T
gz

1 0.007 |06 |80
2 0.0038 | 0.4 |80
3 0.007 {04 |60
3 0.007 {04 |60
4 0.0054 |05 |70
5 0.0054 105 |70
6 0.007 (04 {80
7

8

9

375/455/12 228/ 55 0.79 ]0.22
270/525/712 263 /55 2.65 10.65
270/525/12 263 /55 265 |0.65
270/525/12 263/55 2.65 |0.65
325/488/12 245/ 55 1.25 033
325/488/12 245/55 1.25 10.33
270/525/12 263 /55 1.18 |0.22
375/455/12 228/55 236 |0.65
325/488/12 245/ 55 125 ]0.33
375/455/12 228/55 0.79 |0.22
270/525/12 263 /55 0.88 |0.22
375/455/12 228 /55 236 |0.65

0.0038 | 0.6 | 80
0.0054 |05 |70
0.0038 | 0.6 | 60
10 10.0038 |04 |60
11 10.007 |06 |60

N N N B N N B BN NN
o= W N e = NN N =] W W

* Center point

10
Run # Conversion | Monomer 15% paste | 4% aqueous 4% aq
in % solid | conversion | viscosity viscosity* visceosity**

1 40% 62% 6.9 cps 4.7 cps 4.9 cps

2 53% 74% 16.1 cps 6.6 cps 6.7 cps

3 58% 82% 18.9 cps 9.1 eps 8.8 ¢cps
4(center) | S0% 5% 11.8 cps 5.8 cps 6.0 cps
S(center) | 50% 75% 11.6 cps 5.7 cps

6

7 28% 45% 8.8 cps 4.8 cps
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invention as set forth in the followng clains. W\E CLAIM 1. A water-sol uble
copol yner fornmed by copolynerizing: (a) from99 to 1 nol % of

N-vi nyl f owvoamiodsozad (b) from1l to 99 nol % of one or nDPETMISRYN/06E09EI O

al kyl esters, and then hydrolyzing from30 to 100 nol % of the fornyl groups
from the CGpqu yrr&"ized Ht-s (a) ro—formammo groups—at o 100
nol % ¢of the ¢ -ClO al ky] ester groups from tthe copol yner|i zed units |(b) to

f or m Ihgdroxyll groups, wherein t he|copol ymer [has a uni nodal nol ecul ar wei ght
di stribution |as evidenced by essemtially oné peak in a Ljon

gradi ¢n0 el ut|/i@dchr onaf 88Yeaphi ¢ anélSyqiss. 2.6.6Teps wat er - isShil eps e coplol yner
of d aim-i—vherein—a-4f6solutionrofthecopolyrer—has r val ue
of | efélt han |[#0%qual tp63out 100 1APHRSUN | 9-2eR%r i ned| HOEBS di ng to ASTM

D 2093 e btemethod— 37 The water-sof ubl e copof ymer of Craim 1,
wherein a 4% sol'uti on of the copol yner has an APHA col or value of |ess than
or equak PVOHROW aim(hidilyzedi dtseflak eériperatmerT hrsdi .2 Me@NAGH/bRNéd6h assumed
conpar abl e net hod. 4. The water-sol ubl e copolyner of Caim1, wherein the
copol yA2maleodneenporation) free of anmidine rings as evidenced by a |l ack of an
absor pt,l i n 1 MR spectrum of the copolynmer consistent with an

am di ng%ﬁgh@%‘ﬁ‘%‘bsorpti on. 5. The water soluble copolynmer of Caiml,

whegein the vinyl CG-C 10 al kyl esters are vinyl acetate, vinyl propionate,
or a canbination thereof 6. _The w :

conpr | Rundf f rlctfeabgwdon. 5 Sebbilityo alesel. 20 Amine o riAvainel ¢ AmBEr *Yrioups. 7.
The wat er soljuble gopol yr f Caijm,l, conphicsi ng ab nol{% to
about |15 nol %3M e functr?g I grou§§l.1 8. 0eﬂ:%\’/at ernkg%ubl g&%:l%%ol ymer of
Claim3, wherjein a|{eM % aqueous s¢l ution|gf3 the ¢opol yney at 200C jhas a
turbidity of {less tthan about 100 tgrbidity units 19 The ter salubl e
copol y@er of |Gl ai m{;o wherein a 4 M % aque@ss sol diti on of |t he copollyner at
20C hag—a—turbi-dity—of—ess—than—about—50turbi-ehi-try—untts—310—A
wat er | 3ol ubl d copol|Yer flormed by (opolymaprlzi ng: {(a) from99 to 1 |nmol % of
N- Vi ny L‘LC% m de ang(b) [Trom I to]99 nol Yoqf onefor noref|vinyl G -|Go
ester

al kyl and tihen hydrolyzing|from 30 to 100|nol % of {the formil groups
from { Sgentepql ynerilzed units (a) to form am no groups and

6

7 slight

8

9

10 no 9.1

11 no 10.3

*by titration with methyl orange
** by titration with bromophenol

*%* by NMR ( from A. Sanford, Ticona)
10 It should 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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from30 to 100 nol % of the C -C oal kyl ester groups fromthe copol ynerized
units (b) to form hydroxyl groups, wherein the copol ynmer has a uni nodal

nol ecul arweebghBozfzst ri buti on as evi denced by a 4 w % agqueas2000bieds on
having a turbidity of |ess than about 100 turbidity units.11. The
mter@%copol ymer of Claim 10, wherein a 4% sol ution of the copol yner
has a | or value of less than or equal to about 100 APHA units

determ nedl_accoAthgr%d}uy}@I%@;qagpf&heabyeammgﬁgngm hod. 12. The

wat er - sol ubl e cogol ymer of alm 10, wherein a 4% sol ution of the copol yner
has an APHA&) &iomob9 teal mel’sfof Nesinytfhemamide@gdal to about 50 APHA units

det er m ned cording,to,ASTM D1209 or. a, conparabl e nmethod. 13.. The

et or - sol U ERELHAT TR Bng o meee viEbE el 1Rd SsBb pof ety ardliing from
free 96 tA100dh6I8s bf the Forkeyl QYR ToRsl tYcopolyfefized ufits @P &Pfobhl #tinb Broups 3fd NVR
spectrum of the copoql)éhrrer consi stent wth an am di ne" carbon atom

absor fioing})). to 190 nido eC1<€hb alsykbestermrbypsdron theGlopolymidizedhnite(b) to framyi ny |

G-C | kyl esters are, vin acetate, .vinyl propionat.e,,.qr.,a.conbi nati o
her eB¥droR sropps Yisrein the fopahamer dias ainizmodal maleqllar sreiel distPQigR A eviThng .1
0.5 &ostiRialh) Qut pedk T & Biin%ﬁf)ﬂ:gﬁ{di@ﬂ%l tigh ¢Hfdmat Hip nyidier sol ubl e
copolng’&rrer o%‘ g ai r11)1 101, cgoélrrgri sing from ab(?ut 5 rml%/(j?gpabou%@él% nol % am ne
f unct i onal 2.gr oupbe water-sglublgtcopolyoien bf €lampl wheegin A dfrealutign elithe cgpayingr ng

(a) from9 1ol % of vi.nyl f orman de a ( rom1l to 99.nol %.0f one

o ol A ARHA <ol yple ot e il or it afowt) Do b AS: Peskiinied BEaaET o6 o
t he f aRT¥ DILOIESa & € nfetsy. yneri zed units (a) to formamno groups and
from30 to 100 nol % of the C -Ci oal kyl ester groups fromthe copol yneri zed

units (b) 3.0 folhe wattr-salyblegropalyser ofi €laiinnl, wherain pdly sedutiorsofthe eopolminky
free of amdine rin as., evi.denced a, la n absorption in 13CNVR
C pect BRI A Golas i B IS 176 eanel tn abait o) ARHA S decBhined apfhrding 1o

absor RRITRND 136 orld'eonifrsBle aRknyd. € copol yner of Claim 17, wherein a 4%
solution of the copolynmer has an APHA col or value of less than or equal to

about 100 APHA Tihe watedsolebleicopdlyare of (laigp X, svhafiniiolkdp6lyorer és esserpmilniitee
met hod, 19, The wat er,-sol ubl opol yner aof O aj wherein a 4% sql ution
of th¥f a_ewﬁmem %a@dweﬁﬁmﬁeﬁﬂ Sranbrowtion i 8.8 NN, Segcirpgy i he £ORARIBET 50
APHA thsistent @R al aRfifin8 €4B6A afth hkofptidd. D1209 or a conparabl e net hod.

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

vinyl acetate, vinyl propionate, or a combination thereof.

6. The water soluble copolymer of Claim 1, comprising from about 0.5 mol% to about
20 mol% amine functional groups.

7. The water soluble copolymer of Claim 1, comprising from about 5 mol% to about 15
mol% amine functional groups.

8. The water soluble copolymer of Claim 1, wherein a 4 wt% aqueous solution of the
copolymer at 20°C has a turbidity of less than about 100 turbidity units.

9. The water soluble copolymer of Claim 1, wherein a 4 wt% aqueous solution of the
copolymer at 20°C has a turbidity of less than about 50 turbidity units.

10. 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
frofn 30 to 100 mol% of the C;-C, 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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20. The water soluble copolyner of Caim17, wherein the vinyl C -G oal kyl
esters are vinyl acetate, vinyl propionate, or a conbination thereof. 21.
The wat erweabioxizes7eopol yner of C aim 17, conpri sing fromrcahsedo0odsol %t o
about 20 nol % am ne functional groups. 22. The water sol uble copol yner of

C ai m 17, 1¢onprTiheiwigerfsohubl@bspolyrberoflClaiD 16, bohdrdih am9b Solatibm of the R6polgmet
groups. 23. The water soluble copolynmer of Claim17, wherein a 4 wt%

aquedasas APHA emooyalugef lsssiban prgquat toabouh ) APHAy witsideierpinedageordigrioabout
100 fﬁ%ﬁi/{%ltz%%P:atcﬁmggébFTr{-lﬁhX‘@t er sol uble copolynmer of Claim1l7, wherein a
4 Wt % utl 0] e

aquéeous”so n copolymer at 200C has a turbidity of |ess

t han about1250 tThe RVatértsolubl Espolyther of (AIGE BG SwhiePein a0W sSlutionaf the copblyiles
copol ymer conprising the steps of: a) chargi ng a first portion of a total
anourhes a1 ARHA eplorf valugef lgss than er equakigabent %ﬂb%au@t&@tmmdsqccwémg ton of a

t ot al f at least,one, vinyl C-Co alkyl ester into the reactor; c)
cont imwog&af:ﬂ@p%ahe&%hg%rt ion of a total amount of a free radical
pol yneri zagi on ThatwaietSdohdle Sogolynidr oT @1 diny 56, vileddin tid €opolinfertifigsse@atlydree d)
contacting the first portion of N-vinylformmgde, the first Eortlon of at
| eastof eméding riggs askvidenedddy a lagk ef an pbsorptiongn @s & BB spediaunt pEthe cgpelymer

pol yneri.zatiaop catalyst under polynerization conditions for a first period
of ticﬂxélsgr)tvgg}@rax?xﬁ crqareqn ay iabéorg{mq.i me, continuously feeding for a
second penigod qhetiaid soRibRECHBE MRG0 IC¥InPL0, iR rdin Wi Wih{1QT 0@ Y al6/1 Bbted are
n-vinylformam de flow rate into the reactor while simultaneously feeding a

seconnypeeetiteyvinyl psepioms tor arembinagion Grer@®foal kyl ester into the reactor at

an ester flLow rate, whi si nul t ane | edi ng a second rdio f th
reeradi da " pdfs st albiseepabing oF ain, € SRt B diohy Sho PPl  pies

t he nE3RIIN arkiRE BincBGhMPebipsat i on conditions until the total ampunt of the
N-vi nyl formam de, the total amount of the vinyl C-Co alkyl ester, and the

total anoudft oflhtvatdrisembieactipobimasof ilam Hhcomprisiag dioyps abdwh v andi®eto dbont i nt o

the reactor; f) followed by contacting for a third period of time, the
n- vi dgmj/mﬁnééwgﬂan%ie oY | east one vinyl CI1-ClO al kyl ester in the

presence ‘if7.,th%&Bt%ﬁsélﬁgl'e%bolwf:yMe&%&!c@?ol‘}ﬁ{eﬁ t in the reactor under
pol ymeri zation conditions to produce an”intefmedi ale copol ymer conpri sing

pol y\ayfydm BB torhumcd® afiétvanytfoonamileaandol yvi nyl Ci-Cio al kyl esters, wherein
P LS bk T PSR S5 BT P Qi Ol B i 20
Wt % 306 rddEoriaedmmY] SOUA frdR RO Polyeridediuntt® (d) W esnP¥mino 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 13C NMR spectrum of the copolymer consistent with an amidine carbon atom
absorption.
18. The water-soluble copolymer of Claim 17, 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 D1209 or a comparable method. _
19.  The water-soluble copolymer of Claim 17, wherein a 4% solution of the copolymer
has an APHA color value of less than or equal to about 50 APHA units determined according to
ASTM D1209 or a comparable method.
20.  The water soluble copolymer of Claim 17, wherein the vinyl C;-Cjo alkyl esters are
vinyl acetate, vinyl propionate, or a combination thereof.
21.  The water soluble copolymer of Claim 17, comprising from about 0.5 mol% to about
20 mol% amine functional groups.

22.  The water soluble copolymer of Claim 17, comprising from about 5 mol% to about
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g) saponifying the copolyner to produce polyvinyl alcohol-co-vinyl
formam de h) hydrolyzing the internedi ate copol yner under either acidic or
basi ¢ comstotzommsoei7e produce t he water sol ubl e copol ynmer pCc2ais2a0@oppocess of
claim 25, wherein the water-sol uble copolymer conprises: (a) fromabout 0O

to 30 15hdsMmihe fldctomgralpsnoi eties; (b) fromabout 99 to 1 nol % of
N-vi nyl am ne noieties (c) fromabout 0 to 30 nol % of one or nore vinyl G-C

10 al kyl e33.er Mbe sates solubleopplymesof Claimoly, mheoginp 407t pauspBHSINtoRPIthe o5 |

wh in th | I I lL.ar . wei ght  di | buti
et dotebiiy 388 PRy f9Siafhe SR n Ay TR0 AL 01 S0l et e it on

chromat ogr aphi ¢ TRO Aaiew is6lubR CopdlyeheP b CRfit I, whieddinh 3 Wt%¥\iQiedudisolution of the
wat er - sol ubl e copol yner c ri ses: (ag fromabout 0 to 30 nol %
&

onp )0 ]
N- vi ngppadymenat 36°Grbasea tugkidity b less than abentt50durbiditylwdtsos of N-vi nyl ani ne
nmoi eties ( frqm about O to 30 | % one or_ nore vj.n 2 O al kyl
ester noi eg'%'es; %W&“t%&" ?ﬁogﬁffeﬁ 8,5{% 'SR@F’%CSP(’@F%Forgplél%ﬂ%:the%?pgﬁ%és, wher ei n
the copol yger hggarging i fiSdsrtioRbes thtalanVkinBbf NQjisfifdritidini@dinesSa feabdenced by
a 4 wt % aqueous solution having a turbidity of |ess than about 100 )
turbidity bhitschagingafostporienef ofotal|amannpef atigast enevipek Ex-Comlky ester into
copol ?f%r%rggonpri ses: (a) fromabout 0 to 30 nol % N-vi nyl f ormam de noi eti es;
(b) f ¥ut 99 to 1 nol % of N vi nyl am ne noieties (c) fromabout 0 to 30

nol % of ong) or EERMiRUBLSLY Fee@ing@ Brstpition DF b estal@héilnt ©F 2 fred dadiéhl pblydiBrikatién 99
nmol % of vinyl al cohol noieties, wherein the copolyner is essentially free

of amicatialyst at afigss catalystflownatedntoytheirdagiok, of an absorption in a 13CNVR

spectrum of, the ¢ | r.consistent. . with an am din ar bon

2bsorpt1on® 29 cAMENREJES 66 Bprn gt N s Fofpaiy gt o i st one

pol Yy Mgiry? ef-Coiaiktcdley,Sh iRt e 6f fhe freR@3adicApRlyIRdHation BAasEathder om t he
group consisting of peroxides, redox catal ysts, and azo conpounds which
deconpolysetigatipinvconditions faxdifoal period®@f tifiegs process of O ai m 25, wherein the
copol yneri di.l uent .

copol YIEr g9t Ol SuSReA bEshf8F bl SoRbASY B Rk n 8 05°5° ©
sol ut is@dnd 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;-Cj 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 into the reactor under polymerization conditions until the total
amount of the N-vinylformamide, the total amount of the vinyl C,;-C;o 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;-C; 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,-C, alky! esters, wherein the third period of
time 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%; followed by

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

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

26.  The process of claim 25, wherein the water-soluble copolymer comprises:

(@) from about 0 to 30 mol% N-vinylformamide moieties;

(b) from about 99 to 1 mol% of N-vinylamine moieties

(©) from about 0 to 30 mol% of one or more vinyl C;-Cg alkyl ester moieties; and
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32. The process of Caim25, wherein said hydrolysis is carried out by
contacting the internedi ate copolyner with an acid. 33. The process of
Cl ai m 25,woheroizm37sai d hydrol ysis is carried out by contratiisagothim9s

i nternmedi ate copolynmer with a base.

(d) from 1 to 99 mol% of vinyl alcohol moieties,

wherein the copolymer has a unimodal molecular weight distribution as evidenced by
essentially one peak in a gel permeation gradient elution chromatographic analysis.

27.  The process of claim 25, wherein water-soluble copolymer comprises:

(a) from about 0 to 30 mol% N-vinylformamide moieties;

(b)  from about 99 to 1 mol% of N-vinylamine moieties

(c) from about 0 to 30 mol% of one or more vinyl C;-C; alkyl ester moieties; and

(d) from 1 to 99 mol% of vinyl alcohol moieties,

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.

28.  The process of claim 25, wherein water-soluble copolymer comprises:

(@ from about 0 to 30 mol% N-vinylformamide moieties; |

(b) from about 99 to 1 mol% of N-vinylamine moieties

©) from about 0 to 30 mol% of one or more vinyl C;-C;¢ alkyl ester moieties; and

(d) from 1 to 99 mol% of vinyl alcohol moieties,

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.

29.  The process of Claim 25, wherein the free radical polymerization catalyst comprises
at least one member selected from the group consisting of peroxides, redox catalysts, and azo
compounds which decompose to give free radicals.

30. The process of Claim 25, wherein the copolymerization is carried out in a solvent or
diluent.

31.  The process of Claim 25, wherein the copolymerization is carried out in an aqueous
solution. |

32.  The process of Claim 25, wherein said hydrolysis is carried out by contacting the
intermediate copolymer with an acid.

33.  The process of Claim 25, wherein said hydrolysis is carried out by contacting the

intermediate copolymer with a base.



