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WATER- SOLUBLE_CATI ONI C COPOLYMERS AND THFI R USE AS ELQCCULANTS AND DRAI NAGE
RETENTION AIDS Field of the Invention This invention relates to certain
novel cationic water soluble copolyners derived from N vinyl am de nononers
and cationic quaternary am ne conononers, and to 5 their use as

f1 occul ant gyg oglf3®2sCopOl yners of this invention are parti cUPCIUSPSNSIR | i n
paper maki ng processes and, nore particularly as part of retention and

drai nage aids for use in papernmaking systens. 10 Background of the

| nventi on The fl occul ati on WATER«+SPBUBEE CATIONIC CORAL¥MERS enhance

clarification r S b Ny t i ' Inﬁﬁwféﬁf epal

wat er treatnent .ihél %ﬁ?a?#gﬁgéls ?ﬁggﬁ‘%n&%t%éégoagu ate %gpﬁoi dal
and finely 15 di vi ded suspended matter by physical m xing or chem cal
coagul ant ai ds.p;RAld B rheOkfd@hEigPagul ants such as cationic pol yam nes
and hi gh nol ch‘I‘H’I’“VE‘ITgT‘IT,"‘p‘U‘l’Za‘EI"VI‘am des have been used to aid.in

floccul ati on and ar &hé; dRVERELOR IR IO GRTFRER RABRLFACTHSyul ant s 20
sug_h as :ima, a&aaaé-a fsmmeCBbﬁdlsiﬁﬁré eadﬁu&dzukéﬁtmvhiﬁyxa}ﬁw! fate and
sodi um al uni nat_e. tionig co rs are used_in_su jcati as
f1occul ati ng ad’é‘?ﬂ"’é‘ferﬁaﬁﬁﬁ ngg?¥£§ ary, et T??‘ﬁég er%%(s)ﬁgl ly
known cati 5ni c fedixmense ascfldecebamts/.reiThe? copoluenstef thissmoni um salts
of dial kyl am n el ) - n gmg% n or Mannich
reaction produﬁ%‘%ﬁ ;%gr g%ﬁ%?r%%%&@goﬁgﬁ era lJ(laé)re,search
effort has beerpxpoessss @addemereppaxticudardyl ps PAEEPHI FRFTRRiRRE ARGy
copol yneri zi ng & iyl 'a4iddd for use in papermaking systems.

10  Background of the Invention

The flocculation of suspended matter in water to
enhance clarification rates is an important aspect of
industrial and municipal water treatment. Flocculation
is the agglomeration of coagulated colloidal and finely

15 divided suspended matter by physical mixing or chemical
coagulant aids. Polymeric organic coagulants such as
cationic polyamines and high molecular weight
polyacrylamides have been used to aid in flocculation and
are often used in combination with inorganic coagulants

20 such as lime, alum, ferric chloride, ferrous sulfate,
ferric sulfate and sodium aluminate.

Cationic copolymers are used in such applications as
flocculating agents, paper treating agents, and the like.
Conventionally known cationic polymers include copolymers

25 of metal or ammonium salts of dialkylaminoalkyl (meth)-
acrvlates, and Hofmann degradation or Mannich reaction
products of polyacrylamides. Recently, considerable
research effort has been devoted to developing vinylamine
containing polymers by copolymerizing and modifying

30 copolymers of N-vinylamide.

While many polymeric materials can be used
effectively as flocculants for clarifying water streams



30 copolyners of N-vinylamde. Wiile many polyneric materials can be
used effectively as flocculants for clarifying water streans WO 96/ 33228
PCT/ US96/ 05172 -2- contai ni ng suspended matter, only certain of these
polyners are effective as drainage/retention aids in the manufacture of
paper or paperboard. Retention is a termused in papermaking to denote the
extent to whwow&3na2es85 pul p fibers and other additives whiPCHUSS&SaTded t 0
the furnish are retained in the finished paper. The retention of pulp
fibers, fines, sizing agents, fillers amd other additives in the paper
sheet during its formation in a paper making machine is an inportant 10
problem A retenitaimizgd syspendéd ymaictex bynlyc ceasaiy éficcHésecul at i ng
tendency of th t r
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affect the eff |mrmﬁ;a5ctoﬂrer oﬁepapen a5 pap%nmrdncl Betemtion \ig iaaltleem i n t he

furnish such a t t I e.g.

fi ber |ength, g'le ree o?,%?)% ?%rgl gt C. S:he wgefvlvgtgér)l ‘?g;:élkgcu e<(31t i on
(e.g. degree ofP tfé-thﬂSognﬂePth@)‘ msnsrhépht prevpddedrtasdiheens such
as wire nmesh siggmiah are”&%'ﬂhﬁ!ﬁeépf&%heetﬁnﬁﬁéd%aﬁéftOr'fhé elating to the
additives such as the dosage anount of ditives, order of additives, form

shape and densi¥Steattiom Ofc PEiP A HoeTHy (?%sanééz’-ng agents, fillers

and other additives in the paper sheet during its
formation in a paper making machine is an important

10 problem. A retention aid generally acts by increasing
the flocculating tendency of the pulp fibers and
additives to inhibit their loss during drainage through
the paper machine wires or screens.

Numerous factors affect the efficiency of retention

.15 aids including 1) variables in the furnish such as pH,
consistency, temperature, type of pulp fiber (e.g., fiber
length, degree of refining, etc.), and white water
recirculation (e.g. degree of system closure), 2)
conditions of the wire or screens such as wire mesh size,

20 machine speed, etc. and 3) factors relating to the
additives such as the dosage amount of additives, order
of additives, form, shape and density of particles and
ionic balance.

Drainage is another papermaking requirement, that

25 often conflicts with retention, and requires a rapid
reduction in water content of an aqueous pulp suspension
in the sheet forming areas of a paper machine. Aqueous
pulp suspensions contain more than 99% water. To convert
an aqueous pulp suspension to a finished paper sheet

30 requires a rapid reduction in water content to a level of
about 6%. Drainage rates are dependent upon numerous
factors including the arrangement of the drainage
elements in the paper making machine, (e.g., arrangement



Drai nage is another papermaking requirenent, that 25 often conflicts

with retention, and requires a rapid reduction in water content of an

aqueous pul p suspension in the sheet form ng areas of a paper nachine.
Aqueous pul p suspensions contain nore than 99% water. To convert an aqueous
pul p suspension to a finished paper sheet 30 requires a rapid reduction
in water corW@R63328 5 | evel of about 6% Drainage rates are"ﬂ'g’ﬂ upon
nunerous factors including the arrangenent of the drainage elenents in the
paper making machine, (e.g., arrangenem-  \W096/ 33228

PCT/ US96/ 05172 -3- of free drainage areas vis-a-vis vacuum assi stance
area), charact ®f freesdspinage \wreas EE-aciyisovarupp essisganes, area),

charact eri sti CxHa@a@teki88N8S Sof Akl Witas, @ctebns§f NEAbrid) HASISH
tenperature, furnish c003|$ten§¥ and_ wire 5 sgegd. Sui t abl e
retention/ drai FAGEFASLEELIFEIES nbe- BnIfFesessi-t 20ALtLVERe 039 ofWShs and

addi tives, but gHiekn@ss! GefiPePdeuiid e fpiidhdcohbigtenty Vaid® wieom the pul p
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copol yners 15 suspeasdogc| oNutlersus aweétentioar/drainage t atds famankhodm to 2.5
‘mEa/gm and ol g3l WoheThS1 800N apitt GkerR! et erably
10 EP 235,893 describes the use of a combination of
organic, substantially linear synthetic polyacrylamide
copolymers and bentonite to improve drainage/retention.
Suitable organic. copolymers are those which provide a
bridging mechanism for flocculation. Suitable copolymers
15 are disclosed as having charge densities from 0.35 to 2.5
mEqg/gm, and molecular weights above 500,000, preferably
above 1 million and often above 5 million, most
preferably in the range 10 to 30 million or more.
However, these high molecular weight copolymers are
20 provided to paper makers in the form of a solid material
which is slow to dissclve in agqueocus systems. 1In
addition, high molecular weight copolymers are very
shear-sensitive, which present significant handling and
quality control problems. For example, since the
25 copolymers must be pre-dissolved in an agqueous solution,
extensive mixing is required to assure complete
dissolution. However, since these copolymers are
sensitive to shearing, mixing procedures which are
adequate to assure dissolution often destroy the
30 desirable high molecular weight characteristics as well
as overall uniformity of the final polymeric dispersion.
U.S. 4,749,444 discloses a process for production of
paper and cardboard by adding to the paper stock a three



above 1 mllion and often above 5 mllion, nost preferably in the range 10

to 30 mllion or nore. However, these high nolecul ar weight copolyners are

20 provided to paper nmakers in the formof a solid material which is’
slow to dissolve in aqueous systens. In addition, high nolecular weight
copol yners are very shear-sensitive, which present significant handling and
qual i ty cont rWO93332 ens. For exanple, since the 25 copol BFpseepsIaE pe
pre-di ssolved in an aqueous solution, extensive mxing is required to
assure conpl ete dissolution. However, s+é€e these copolyners are sensitive
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addi ng to the pther 4imRq/gm amdea highonobeouiey weight acrylamide or

PCT/ US96/ 05172 mém&ef?paﬁae BogoliRet ORRY LSS Nbh AveiGlgley Aotdcligatonite, a

cationic palyelectrolyte having a charge density not less than_4 nEq/gm and
a hi gh ol &cul avedghyhtrem | thi2fe Mt AR hacTRAS Keferenss FiEF1A8$Fng an
average mol ecul ghaf ifVEédditHarP @1l tRrd@ Sohpirvhts Hiles uselBier enee, if

di scloses that if_less than all threg corrpo%&gt are _used

bentoni te and cIPL¥nPERHRILE &g anig P -eqtrolyts ﬁﬁlﬁegﬁ?dlt E%g%;%er
stock is poor ograinagéyobeatlie Paperasdobkols ndme Wrah fvendiyt benpohjeer are
used, the paperand high molecular weight copolymer are used, the paper
10 stock flocculates to such an extent that satisfactory
sheet formation is not ensured.
Linhart and Auhorn, in Das Papier, No. 10a, 1992,

pp. v38-v45, discloses the use of polyvinylamines as a

new class of copolymers for paper production.

15 U.S. 5,098,521 discloses a process for paper and
board production which uses a paper stock containing
anionically charged foreign substances by adding to the
paper stock N-vinylamide/vinylamine copolymers having
less than 10% vinylamine units and having K values of not

20 less than 130 (as determined according to H.

Fikentscher) .

U.S. Patent No. 4,774,285 discloses vinylamine
containing copolymers by copolymerizing N-vinylformamide
with an ethylenically unsaturated monomers such as vinyl

25 acetate, vinyl propionate, C; to C; alkyl vinyl ethers,
the esters, nitriles and amides of (meth)acrylic acid and
N-vinylpyrrolidone and then hydrolyzing the copolymers.
These copolymers are used in papermaking to increase the
strength of paper.

30 U.S. Patent No. 4,808,683 discloses copolymers
containing vinylamine, N-vinylforh\amide and N-
monosubstituted or N,N-disubstituted acrylamide for use
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I s-not ensured. linhart and Auhorn, ipn Das Papier, No. 10A. 1992, pp.
v38-v45, discloses the use of polyvinylamnes as a new class of copol yners

for paper production. 15 U S. 5,098,521 discloses a process for
paper and board production which uses a paper stock contai ni(r}? ani oni cal l'y
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and paper strength increasing agents.

U.S. Patent No. 5,037,927 discloses copolymers of N- .

10 vinylformamide and alkyl (meth)acrylate and their
hydrolyzed products.

The above patents disclose copolymers of N-
vinylformamide with a nonionic comonomer. Upon
hydrolysis, the N-vinylformamide component in the

15 copolymers is converted into a cationic vinylamine
component. Thus, the cationic charge on the resultant
copolymers will be derived solely from the vinylamine
component and accordingly, the charge density of the
copolymers is greatly affected by the pH of the medium

20 into which they are added. That is, at low pH, the
vinylamine copolymers become protonated and have a labile
high cationic charge density and conversely, at high pH,
vinylamine copolymers are not fully protonated, and the
copolymers will have a substantially reduced cationic

25 charge density. None of the above patents disclose
copolymers of N-vinylformamide which derive their
cationic charge from pH independent cationic comonomers.

Summary of the Invention

30 It is an object of this invention to provide novel
copolymers derived from N-vinylamide and certain cationic
guaternary amines.



5, 064, 909 di scl ose vinyl am ne contai ni ng copol yners by 5 copol yneri zi ng
N-vinyl formam de and (neth)acrylonitrile and then hydrol yzing the resulting
copolynmers with an acid. These copol ynmers are useful as floccul ating agents
and paper strength increasing agents. U S. Patent No. 5,037,927 discloses
copolynmers of N~ 10 vinylformam de and al kyl (neth)acrylate and their
hydrol yzed prw®96B3228 The above patents discl ose copol yners oPCRUS96/05172

vi nyl formam de with a nonioni c conmononer. Upon hydrol ysis, the

N-vinyl f ormam de conponent in the 15 -@pol yners is converted into a
cationic vinylam ne conponent. Thus, the cationic charge on the resultant
‘copolymers wi |l be dart visdanotbey ébiect ef \thisl dnivestionpos gutowide
accordingly, th r NSl r i 1 f ed by
fhe pH of {he miey HpeietSehinle, (OB LAY B §-binpl Rladng VARAZ Y
t he vinyl anm ne cumigie/natiobdconuapenarataringsd have a | abile high cationic
charge density and cagrar, 1 iyl am o, ot
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copol yners of Nagddpgdibeamerdeénwhi ch derive their cationic charge from pH

i ndependent cati oni c _conpnoners. Sunpary o he I,nventon 30 . It is
an object of this i n\7§nt’-i50ﬁnPﬁgﬁFo&i’?)%celuﬁ;eltthé@p&PVﬁEF§°ﬂe??\Fé"EP‘Fﬂ?m
N-vi nyl am de anthewsl PolyimaiienETodcalaitdr y an nes.
It is another object of this invention to provide a
10 novel drainage/retention aid for use in papermaking
systems.
In accordance with the present invention, there have
been provided novel water-soluble, cationic copolymers
(I) comprising a reaction product of N-vinylamide having

15 the general formula:
CH, = TH
‘N — R?
20 |
C =0
L
25 and a cationic guaternary amine having the formula:

w

30

g
]
QR



WD 96/ 33228 PCT/ US96/ 05172 -6- It is
anot her object of this_invention to provide novel water-soluble copol yners
of N-vinylam de/N-vinyl- am ne/cationic quaternary amnes. It is another
object of this invention to provide a 5 novel method of preparing the
cationic copolynmers described herein. It is another object_of this

i nventi on WOPMIPI8e novel polyneric flocculants. It is anﬂ?ﬁgﬁm@%?éct of
this invention to provide a 10 novel drainage/retention aid for use in
paper maki ng systens. |In accordance w tf-the present invention, there have
been provi ded novel water-soluble, cationic copolyners (1) conprising a

reacti on product of N-vinyl@m de having 15 the general formula: [err] 20
25 and a cationic quaterfhary am ne having the for ~ [err] 30 WO
96/ 33228 wherein Y is -CO(CH;)n N°R'R°R®X", or RCFH-UIEIBN0O6148d-d-isherein Y

is [err N err rr ernr err] X - N X d
s 150 5 KO3 P Siy Bre R RRe AT ArgerRnaRBR e 9F St P AT err) |
alkyl, 55 R &'[]|r® By Rf are Ridspendentliyndependanaliyl] eXrista (err]
alkyl . X ayhgiyigde. Dudroxy!o,0rc, Cberddilatliphedl kubaH! fat e ani on.

The present invention further provides certain novel

cationic copolymers (II) having the general formula:

— (—CHy—CH—} x —(—CH,CH—)y —{—CHz—CR—)—

10
N-R? N-R? yA
| I
T=o H
15 R?
o) o

[ ]
wherein 7 represents —CO(CH;)n N®R'R°R®X", ~CNH(CH:)a

20 N°RR°R®X™ or R*-N®. O 5 X, and/or residual groups of
-CH,N® (R‘R®) CH,CH=CH,X~, or mixtures thereof and n is 1 to
5, R!, R? and R® are independently selected from the group
consisting of H or C; to C; alkyl, R%, R® and R® are
independently C; to C; alkyl, and X is Cl, Br, I, OH or an

25 alkylsulfate, such as CH3SO; and wherein x, y, and q
represent molar percents of monomeric units in the
copolymer and g is 1 to 99 mol %, the molar ratio of x to
vy is from 0 to 10 and preferably from 0.033 to 2.8 and
the sum of x+y+q is 100 mol &. (It is understood that

30 the subject copolymer may contain small amounts (e.g., up
to about 5%) of other copolymerizable monomeric units.)

In accordance with the present invention, there has

also been provided a method for preparing the above-
described water-soluble cationic copolymers comprising

35 reacting the respective monomers in the presence of a
free radical initiator and a water soluble salt of



The present invention further provides certain novel cationic copolyners
(1'l')_having the general fornula:_Jerr] 10 15 wherein Z represents [err]
Nerr]R err]Rlerr]Rlerr]X, -CNH(CH err])n 20
Nerr]R err]Rlerr]Rerr] X err] or [err] , and/or residual groups of -CH2N
(Rlerr]Rerr])CHerr]CH=CH err] X[ err], or mxtures thereof and nis 1 to 5,
Rlerr], RerWos3xR err] are independently sel ected from t RETHSAMIIT2
consisting of Hor (Jerr] to (Jerr] alkyl, Rerr], Rerr] and Rerr] are

i ndependently C[err] to (Jerr] alkyl, ag Xis d, Br, I, OHor an 25

al kyl sul fate, such as CHerr]SOerr] and wherein x, y, and g represent

nmol ar per cent s efhylEmedianinetetraacetic copid wepHadd the srdnge DEomwl %

the nolar rati i r r to 2.8
and the sum of O‘?ﬁ‘;ﬁ?‘%’?“ %06:%%;19%9 (sr‘?d ?%%%é’%?&%ﬁ?%é?és‘g&&%ﬁf subj ect
copol ymer nay ooithhian onganignounimoxganic aqid orabsse ©9)txAnsfdmm a

copol ynmer i zabl e, /UKQUEId Q%i bfide!Ho NQARGE alifs hi %{]Su%f esent invention,
t here has al so 'been provi (}e a met ho Oor preparing the above- described
wat er - sol uBl e cat i ot acsesdpneeswithprhe inrpsent inveptieng there dwasecti ve
mononers in t heg S INGE prloviabies ﬁé@i&&@lfdznlﬁlbahaiaemgasuﬁspé{dewl ubl e
salt of WD 96/ 33228 ) CT/ US96/ 05172
-8- ethyl ene diBAFYRE & ARIECHE SKFtems by addings tPakle 3TURPYS (YSTE a

copol ymer and tgeainditht! REfeetivd €6naibsfde \Hldkcalafi@andE £r i norganic

acid or base to transform a . s . s
comp051tc.2i.on comprising the above-described cationic

10 copolymers (I} and/or {II).
Also in accordance with the present invention, there
has been provided a drainage/retention aid comprising:;
a) microparticles; and
b) the above-described cationic copolymers (I)
1s and/or (II).

Detailed Description

The present invention is directed to novel cationic
copolymers (I) which are reaction products of an N-

20 vinylamide with either an ester having a quaternary
ammonium moiety or a guaternary alkyl pyridinium group or
mixtures thereof. The N-vinylamide is represented by the
following structure:

25 CH, = CH
l 1
N-R III
|
C=

30 |
Rz

and a cationic qQuaternary amine is represented by the
general formula (IV):



portion of the am de noiety to an am ne group. 5 In accordance with
the present invention_ _there has alsa been provided a nethod for

floccul ati ng suspended natter in aqueous systenms by adding to the aqueous
system an anount effective to enhance floccul ation of a conposition

conprising the above-described cationic 10 copolynmers (1) and/or (I1).
Al'so in accoMPMeBE2 th the present invention, there has bedETHS a
drai nage/retention aid conprising; a) mcroparticles; and b) t he
above-descri bed cationic copolymers (I)-9t5 and/or (I1).

Detai |l ed Description The presept invention is directed to novel cationic
copolyners (1) which are reac®i on products of an N 20 vinylam de with

ei ther an ester having a quatérnary ammoni um noiety or a quaternary al kyl
pyridi nium group or m xt GHes €hereof. The NI¥i nyl amide is represented by

the follow ng structure: 25 [err] 30 and a cationic quaternary
amne is r®present ed by the g¥neral formula (1V): WO 96/ 33228
PCT/ US96/ 05172 whangins wherein [err]
o R
] /
10 Y is -CO{(CH;), N* — R®, or R'-x* 035 ,
x \R‘ x

wherein R!, R?, R® are independently H or C; to C; alkyl,
15 R, R’ and R® are independently C; to C: alkyl, X is a

halide, hydroxyl, or C;-C; alkyl sulfate anion, preferably

methylsulfate anion and n is from 1 to 5. Copolymer I

shall contain the polymerized units of IIY and IV in a

molar ratio of 1:99 to 99:1 and preferably from 98:2 to
20 50:50.

The present invention is further directed to novel
cationic copolymers (II) which are represented by the
formula:

—{(—CHr—CH—) x —(—CHCH—)y —(—CH—CR—~) g—

28 N-R? NR? z

=0 H

30 R?

wherein Z represents ~C(=0)0(CH;)n, N®RR°R®X",

~C(=0)NH(CH2)n N®R‘R°R°X" or n‘-@ X", and/or
residual groups of CH:N®(R'R®)CH,CH=CH,X~, or mixtures

35 thereof and n is 1 to 5, R}, R? and R® are independently
selected from the group consisting of H or C; to C3 alkyl,
Ré, R’ and R® are independently C; to C; alkyl; and X is
the anion of C1°, Br™, I, OH or an alkylsulfate anion,
preferably CH3S0; ; and wherein x, y, and g represent



10 wherein Rerr], Rerr], Rerr] are independently Hor Cerr] to (Jerr]
al kyl, 15 Rlerr], Rerr] and Rerr] are independently Clerr] to Cferr]
al kyl, X is a halide, hydroxyl, or CI-C3 al kyl sulfate anion, preferably
met hyl sul fate anion and nis from1 to 5. Copolynmer | shall contain the
pol ynerized units of 11l and IV in a nolar ratio of 1:99 to 99:1 and
preferably froWMORg332280 20 50: 50. The present invention i sPEHUSOEIT2
directed to novel cationic copolymers (lI1) which are represented by the
formula: [err] 25 wherein Z represents X80 Q(CH err])[err]
Nlerr]Rlerr]Rlerr]Rlerr]X[err], -C(=Q NH(CH err])[err]

N err] R[ er r ] R[ er mcRjaar pextents of manoneric undtsrincthelcdpaiyoers such

CH N : '
[err] [e”](R[%'{thto ggleCt\Beéél Q','[ggx&]%%i-]raﬂorﬂf(ég;t Ifi

thereof and n is err] err| are 1 ndepen 58 ect ed
fromthe group cdksmsQi kg &P #PQ Prekaxaply, frpe: P1033 K9 2.8 thy] sum]
and Rierr] are igepapdaniby16bansd $.0 @ mbiakkyatis sk %4ys dohg aai on of

Clerr], Br[err], I[err]l, OHerr] or an alkylsulfate anion, preferably

CH err] SO ert]; SPerRdl¥i anxthe rapge of &rdsthtl:99 wIerpestiyely, and
PCT/ US96/ 05172 - i@ pielfeiraptyCint the frafigeO s B8 : 2Nt S50 450 .he whepokymer such
that gis 1 to 99 nol % the nolar ratio of xt_O\éis_fromOto_lO‘and
preferably from Fepresents. 8 (RR’) €HaCBTCHa+ p 0 Loxming the catipmdconol ar

;gts :Dgcg}‘ Vélﬂyf tgng;da%eénarygaafﬁélﬁahan@zt Nemy 268 Anidd 1s'Q didrya
’ dialkylammonium salt monomer used to form the cationic
10 copolymer IX, it is understood that this Z group presents
a second ethylenic unsaturation which can further take
part in the copolymerization and thereby (i) form part of
the same copolymer chain on a head-to-head configuration,
(ii) form part of the same copolymer chain on a head-to-
15 tail configuration, (iii) form part of a different

copolymer chain, or (iv) remain unreacted. The term
*residual of group -CH;N®(R®R®)CH,CH=CH," or “residual of
diallyl dialkylammonium salt” shall mean, in the present
description and appended claims, any and all of the
20 residual groups which may be attained with respect to the
above~described configurations as part of the resultant
cationic copolymer structure.
The novel cationic copolymers (II) of this invention
are formed by first reacting an N-vinylamide having the
25 following structure (III):

CH, = CH

N-R! TIII
30 |



Is preferably in the range of 98:2 to 50:50. Wen Z represents
-CHerr]Nerr](Rlerr]Rlerr])CH err] CHCH err] in formng the cationic

guat ernary am ne nmononer (CH err]=CHz) which is a diallyl dialkylamobnium
salt nonomer used to formthe cationic 10 copolymer I, it is understood
that this Z group presents a second ethyl enic unsaturation which can
further takeWP#683%2®% t he copol ynerization and thereby (i) f ®CRUSOSIBf t he
same copol ynmer chain on a head-to-head configuration, (ii) formpart of the
same copol yner chain on a head-to- 15 -1i4ail configuration, (iii) form
part of a different copolynmer chain, or (iv) remain unreacted. The term

"residual of gramshatClieask] fherea¢Rinig JoRjaderppey anih€rh®riny rilie or

"residual of digllaHaidis h jumsalt” shall nean, in the present
‘description an pglndegHﬁ?i 5'm.@?pany and all of the 20 resi dual groups

whi ch may be atta| ned with r pect to the above-described configurations as
part of the resultant cationi¢ copolyner structure. The novel cationic
copol ymersB (I11) of this FHyen€ion are forme® by first reacting an
N-vi nyl am de having the 25 Ifollovving structure (1I11): [err] 30 WO

96/ 33228 4 PCT/ US96/ 05172 -11- and at
| east one cati ovhexrejemat er nary ani ne having the general fornula (V): [err] 5
10
o B Y o ] R
" / | / | :
Z is ~CO(CHz)n N® — R®, -C-NH{CH;)N® — R®, -CH;-N®-~CH,-CH=CH;, or R‘-N® ois ,
"\ X\ | x -
15 R‘ R‘ Rs

followed by hydrolysis of the formed polymer with an
inorganic or organic acid or base. For example, the
preferred cationic copolymers (II) are initially formed

20 from N-vinylamide (III) and a cationic quaternary amine
(V) wherein at least a portion of monomer V is diallyl
dialkylammonium salt, and then either partially or
completely hydrolyzed to provide copolymers VI which are
represented by the formula (VI):

25
_.(—cnz-cu—)-—t—cmcn—).r—tcsa-cl:n——-cn-cuz—u—(cuz-cu-ca,-rn—) ,.—(—cu,-cif—).,—
N-R! N-r! CH, CH; CH: CH; 2
| | \ / N
30 c=0 B N x- N x
| /7 A\ /7 A\
R? R RS R* RS vI
35
o} O

i |
wherein Z represents -CO(CH:z)n NPR‘RPRSX™, -CNH(CHa)n

N°RR°R®X~ or R*-N® O E 5 X, and/or residual groups of

40 ~CH,N® (R°R®) CH,CH=CH;X~, or mixtures thereof and m is 1 to
5, R!, R? and R® are independently selected from the group
consisting of H or C; to C; alkyl; RY R® and R® are
independently C; to C; alkyl; and X is Cl, Br, I, OH or



wherein 10 Z is [err] followed by hydrolysis of the formed polymer with an
I norgani c or organic acid or base. For exanple, the preferred cationic
copolynmers (11) are initially formed 20 fromNvinylamde (I11) and a
cationic quaternary amne (V) wherein at least a portion of nononer Vis
dial Iyl dial kylammonium salt, and then either partially or conpletely
hydrol yzed t owwsssmssz2e¢ copol yners VI which are represent ed by PCRESIASIAZ a

(VI): 25 [err] 30 35 wherein Z represents [err]
Nlerr]Rerr]Rlerr]Rerr]Xerr] or Rerr}iNerr] ,and/or residual groups of
40 -CHerr]Nerr](Rerr]Rerr])CHerr]CH=CH err] X-, or m xtures thereof

?Rd nis lto .5,c}gsegf1an&€[mre:]eimd,l?{rero] py aandde peptesehy selaxted from
OO A, B BoBbbble 0 i, s Koo it g e 0,
WO 96/ 33228 the sum of o+p+q is 1 to 99 mol %, prefPerablwoinsn 2 tol2-
Loy octerr ], LYo henak of oI RBAPRR IBLaY S st o
% p(r)/efSer abSydf {and Zheo msQagpratiot of e of be+prefprabliy Samtft3datey 100
gﬁlﬁl rr(t))st prgpera%%y'%m#%ggfggiigﬁ Yedom 1. YecE8bLysLrom 0. 033 tc_) 28
The copolymers I and II of the present invention may
be prepared by first reacting, under reactive conditions,
the above N-vinylamide monomers with at least one of the
10 above cationic guaternary amine monomers (CH,=CR%Y) or
(CH,=CR%Z), respectively, in the presence of a free
radical initiator and a water soluble salt of ethylene
diaminetetraacetic acid at a pH in the range of 5 to 8.
The ratio of N-vinylamide monomer to cationic quaternary
15 amine monomer, on a molar basis, is generally in the
range 99:1 to 1:99 respectively, and is preferably in the
range 98:2 to 50:50 and more preferably in the range of
98:2 to 75:25.
When at least a portion of the cationic guaternary
20 amine monomer used to form the subject copolymer is a
diallyl dialkylammonium salt, the copolymers of the
invention may be prepared by first contacting the above
N-vinylamide monomers with diallyl dialkylammonium salt
monomers having the formula (VII):

25 CH; = (l'.'H TH = CH;
CHa CH2 VII
\ /
N® X
30 / \
R R®

in the presence of a free radical initiator and a water
soluble salt of ethylene diaminetetraacetic acid at pH in
35 the range 5 to 8, preferably in the range 6 to 7, to form



The copolynmers | and Il of the present invention nmay be prepared by first
reacting, under_reactive conditions, the abaove N vinylam de mononers with
at | east one of the 10 above cationic quaternary am ne nononers
(CHerr]=CR[err]Y) or (CHerr]=CRlerr]Z), respectively, in the presence of
a free radical initiator and a water soluble salt of ethylene
di ami netetra¥@96/32Mcid at a pHin the range of 5 to 8. The FCHVH/INT2
N-vi nyl am de nononmer to cationic quaternary 15 am ne nononer, on a nol ar
basis, is generally in the range 99:1 t@3% 99 respectively, and is
preferably in the range 98:2 to 50:50,and _nore, preferably in the range of
98:2 to 75:25. Wpercepolwmex. a Ther rasAoorL i Nevimtlagide HerrBRRaF9 20
O a1 Kyl DN U T R e B L pared b
i al kyl anmoni'um sal t, e, copol yners e ipvention may prepared by
i st cont act| nGSPREALIA NI 1HFPER: 32+ oRBrbiss \FAAPeRiiveyY, aha s
Fli al ]kyl ammoni Enibﬁéférmpl”ﬂfﬁ a:wa tah c_:;eéI be: % otons e S0viang (zjn%ie preferably
err] 30 ig the,prgsence o ee radj initiator and a water soluble
salt’ of et ﬁyl en‘bgdﬁi‘?ﬁm%ﬁ r%acsrgt'%ctgc?g%?' pH in 35 the range 5 to 8,
preferably in the rakpeedud colutiionf copelym&¥i X i3BP3M the presence of
PCT/ US96/ 05172 ;13 e gﬂpgl - : i ' ' oner to
diallyl dialkyl 3@%%%’55 sa ,é/(r)gr%l’eg %ﬁéég%ag?gﬁl\éso\ggerl)réle??#%rlg%af he range
99:1 to 1:99 reSpicable|freenmnadical initiators include, but are not
' limited to, azo initiator, peroxide initiator, persulfate
10 initiators and free-radical redox systems. Especially
preferred are water-soluble azo initiators such as 2,2'-
azobis (N, N’ -dimethyleneisobutyramidine)dibydrocholoride,
2,2’ -azobis (2-amidinopropane)dihydrochloride, 4,4’'-
azobis- (4-cyanopentanoic acid), 2,2’'-azobis(2-methyl-N-
- 15 {1,1-bis (hydroxymethyl) -2-hydroxyethylipropionamide}, and
2,2’'~azobis (2-methyl-N- (2-hydroxyethyl)propionamide) .
The free-radical initiator is usually used in an amount
of 0.01 to 10 wt% based on the weight of the total

monomers. The copolymerization reaction is usually
20 carried out under an inert gas atmosphere at 30° to 100°C,

preferably between 45° to 70°C.

The aqueous solution copolymerization should be
carried out in the presence of a water-soluble salt of
ethylenediamine tetraacetic acid. The salt can be alkali

25 or alkaline earth metal salts. The salt should be
present as part of the aqueous solution in from about 10
to 1,500 parts per million (ppm) of the .aqueous..feaction
solution and preferably from about 50 to 1000 ppm and
most preferably at a dosage of from 100 to 500 ppm of the

30 ethylenediamine tetracetic acid. It has been
unexpectedly found that when the subject salt is present
as part of the copolymerization system, one can obtain
high molecular, water soluble copolymers which are not



preferably in the range 98:2 to 50:50 and nore preferably 5 I n the range
of 98:2 to 75:25. Aqueous _solution copolymerization in the presence of a
water soluble free-radical initiator is preferred. Suitable free-radica
initiators include, but are not limted to, azo initiator, peroxide
initiator, persulfate 10 initiators and free-radical redox systens.
Especi al |y pr We9a3®8ar e wat er-sol ubl e azo initiators such asPCIfUss6ns172
azobi s(N, N -di et hyl enei sobut yram di ne) di hydr ochol ori de,

2, 2' - azobi s(2-am di nopr opane) di hydr ochl edidde, 4, 4' -

azobi s- (4-cyanopentanoi c acid), 2,2' -azobis(2-nethyl-N 15

[ 1, 1- bi s( hydr oxyneadily -#taichedk waehyhdrmabi aqnetwe phased

2,2'-azobis(2 neg, p The free-radical
initiator is usua{;%{‘]’l}ahé% I n a?é%ﬂﬁ#&&%? A%%Q{Eé%o wt % based on the
wei ght of the total rﬁhﬂnﬂﬂkﬁcumhx vepoht nef | the iaapolamersonansbesual |y 20
carried out undegyafyd e nﬂ%&l@h bﬁffo@é RS ﬂnoaihﬁQ{:F&ﬁ]& the

preferably between 45[err he agueous sol uti on copolynerization
shoul d be cérrleﬂa%ﬁﬁc¢}ﬁ%lﬂ@ﬁ@ﬂ@b@ﬁcﬁ°ﬁ?1¥ﬂﬁﬁﬁ%§ iogy,ywhd cRamay oinclude

et hyl enedi am ne Eﬁéréaﬁﬂynﬁ‘eﬂ@afhoﬁhe«aﬁﬁéiam ben lt@bb dhd améudneldgl i ne

earth netal salts., The sa“%lshould be esen:éT1 art of the agueous
solution in fron%%%ﬁ&EtQH}t eiF@@GeBQFP igro WQQA%?prBﬁF Shet hkequeous

reaction sol uti opnagénétrx criahier ftéﬁﬁéﬁbﬁui‘e Shd in;me ppfomed nost

preferably at a dosa e of from1Q0 to_500 m_of hyl enedi am ne
tetracetic acid.€ SEATAO RESERGEC BB Q$ Qﬁﬁiﬁrmﬁgﬁ ﬁ e subj ect salt

i s present 18s pacbpolyméles odridley igheat tempeytivarg amde loaexrohbnomeii gh

mol ecul ar, materc§ﬁ%éﬁ%§%é§%§ﬂﬁ@gﬁﬁéem@EﬁgrEﬂéﬁé&&lax weight copolymers.
The monomer concentrations are generally in the range of
5 to 60% by weight, and are preferably between 10 to 30%
by weight. ' The copolymers of the invention generally

15 “have molecular weights {as determined by light scattering
or equivalent methods) of at least 3,000, and can be as
high as 4 million. However, due to solubility and
handling considerations, the preferred copolymers of the
present invention generally have molecular weights in the

20 range of from 10,000 to 2 million, preferably from
100,000 to 2,000,000 and most preferably from 100,000 to
1,000,000.

The initially formed copolymers are further treated
with an acid or base to cause partial or complete

25 hydrolysis to form copolymers II having the following
structure: '

- e (el CH=—CH—} —'(—CH2CH——) y —(—CH:——CR —_)

N-R* N-R! z
30 | |
=0 H

R2
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readily attained when normal aqueous phase copolynerization techniques are
used. The nol ecul ar wei ght of the copol yners can be further controlled by
various factors in addition to the 5 particul ar method of

copol ymeri zation, which may include the copol ynmerization tenperature, the
type and anW@®6/3R28 nitiator, the concentration of nonomersP 96METE | ke
In general, |ower terrperature and hi gher nmononer concentration produce a
hi gher nol ecul ar wei ght 10 copol ymerls-whi | e hi gher tenperature and | ower
nmononmer concentration produce Iower nol ecul ar wei ght copol yners. The
nmonomer concenwherednsRhr & geRbr & lapd; b, t Weand g chayte B'JR)S@@% meandnght |
and are preferghl ¥1@gﬁ a0 %%O%) By WRI gbter T&E geg hhe

i nventi on general ave nol ecul ar wei ghts (as det erm ne by | i ght
scattering or Bgi @ as@npe ardrsdyzess tet CPEHQW@@@FJ-GMR}' d&® Balls high as

4 mllion. "b‘A’eVerrTﬂéeccB%bE&ﬁé% lgft ¥haBdihoertisw, Gaed gs, the
preferred copol yners of

resent _i nvention eraIIy ve | ecul ar
wei ghts i P t heUBéng a diadl 35'?0 4%’!‘3@0%9"%5‘“;# I‘?‘?ﬂ?’“ﬂfr'e bly from
100, 000 to 2, OQQdQQaned WhEt s eiciianblyaf base 100 Cdpolimdee, 8a0inghe
initially forme cg #é ners are further treated with an acid or base to
cause partial 5% WiRS SLXUGEREES) ysis to form copol ymers |1 having the
foll ow ng structure [err]

- {—CHy=CH—) y—{—CHzCH—) ,—-(cn,-cx——cx-:-cnr-)-,-—rca,-c‘n-cu,-i:u—) ,—-r—cuz-cin’-—)

10 | | i |
N-R? N-R? CH: CH, CH. CH z
| | N \ 7
c=0 H N x- N X
| R 7\
15 R? _ R r® R RS v

wherein Z represents -C{=0)0(CH;)n N®R'R°R’X",
20 ~-C(=0)NH(CH:)» N®R‘R°R®X" or R*-N®° O 3’ -, and/or

residual groups of -CH;NQ(R‘RS)CHzCH=CH3X-, or mixtures
thereof and n is 1 to 5, R}, R? and R® are independently
selected from the group consisting of H or C; to C3; alkyl;
R?, R® and R® are independently C; to C; alkyl; and X is
25 Cl, Br, I, OH or CH:804; and wherein x, y, o, p, and g
represent molar percents of monomeric units in the
copolymer such that the sum of o+p+qg is 1 to 99 mol %,
preferably from 2 to 50 mol %, the sum of x+y+o+p+q is
substantially 100 mol % and the molar ratio of x to y is
30 preferably from 0.033 to 2.8.

The amount of acid or base used to hydrolyze the
copolymers in solution can vary widely and is generally
added in a molar ratio of from 0.05:1 to 3:1, preferably
from 0.1:1 to 1:1 based on the N-vinylamide monomer

35 content of the initially formed polymeric material.
Generally, partial hydrolysis is preferably achieved with
a suitable acid such as inorganic acids as, for example,
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wherein Rlerr], Rerr], Rerr], Zand x, y and g have the sane neaning as
gi ven above. When Z is an ester or amide, a portion may al so be hydrol yzed
to carboxylic acid or its salt. The copolyners of this invention, when
prepared 5 using a diallyl dialkyl ammonium salt nononer, and hydrolyzed
wth an acrci‘ﬂb!ﬂ&nase form copol yners havi ng the foll ow ngPET/UEN6OINTR. 10
[err] 15 Vi
wherein Z represents -C (=0 O (CHerr]Joas-NerrRerr]Rerr]Rerr]X-, 20

-C (=0 NH (CH2)n N err]Rerr]Rerr]Rerr]Xerr] or [err] and/or residual
groups of -CH ehyfipehlé¢tiy exqidy éxyrd]r):ﬁﬁpmic]m[mrrdr]dq]mr]m acidj xt ures

thereof and n i%nlfﬁ?;é g{&wr41tgﬂée dang%§%§ﬁﬁgﬁé” i agpg ii%férr]

sel ected fromthe group consistin err

Rl err] and R[ er a]lthowhrﬂmtha,seq.esnyhtesqrmrqaramuaﬁeanasx fexr25

a, ’ E?z%fér]s%’éﬁfni ]hycﬂ%gci\d@erﬁinﬁo ia ) arfho mﬁ%?dgﬁ LEgE esent
ar percents 0 e

nol NOMEric units in thé co ynmer suc sum of

o+p+q is 15t o0 9pokdpsiymhvdxgtide, mpgnthet 15@ maY aksa ke vgefof TB§+o+p+q

I s substantial | gedPle Bk e @ahabel abheriled 1y ¥ontrdfling the
preferably from0.033 to he anmount of acid or base used to % droly

t he copol yners PH°§BFU?$0?‘F%rP‘§/We\M gbeyregerion femperatyre and ?Fl a
nolar ratio of thenr8afbidntitimk.l, IV ghheddly dgrédidr hmbuntsloi &agad on

the N—vinylanidgr ngge higher reaction temperatures and longer reaction
10 times result in higher degrees of hydrolysis.

The copolymers (I} and (II) of this invention formed
by the reaction of III and IV, as well as by the
hydrolyzed reaction product of III and V, have been found
to be useful as flocculating agents to agglomerate

is coagulated colloidal and/or finely divided suspended
matter in aqﬁeous or non-agqueous solutions. The
copolymers may be added directly to the solutions
containing the suspended matter, or may be pre-dissolved
in a suitable miscible solvent and then added to the

20 solution. The dosage amount of copolymer is not, per se,
critical to the invention, and is generally in an amount
effective to flocculate the suspended matter. Those of
ordinary skill in the art can readily determine suitable
dosage amounts by conventional means. Thus, while the

25 exact dosage amount for a particular system can vary
widely depending on the nature of the system and the
amount of suspended matter, in general the dosage amount
can range from 0.005 to 1 weight percent, preferably from
0.01 to 0.5 weight percent on the basis of the dry weight

30 of the suspended matter.

The copolymers (I) and (II) of this invention have
also been found to be particularly useful as
drainage/retention aids in pulp and papermaking systems.



35 content of the initially formed polyneric material. Cenerally,

pactial hydrolysis.is preferably achieved with a suitable acid_such as

i norgani ¢ acids as, for exanple, WO 96/ 33228

PCT/ US96/ 05172 -16- hydrochl oric acid, hydrobrom c acid, hydrofluoric acid,
sul furic acid, nitric acid, phosphoric acid and the |ike, although suitable
bases, suchW@%¢3&Bgani c bases as, for exanpl e, sodiun1hydr¥9ﬂgﬁgmﬂﬁhnnia,
anmoni um hydr oxi de, 5 pot assi um hydroxi de, and the |i ke may al so be
used. The degree of hydrolysis can beldentrolled by controlling the anount
of acid or base, the reaction tenperature and/or the reaction tinme. In
general , greatEhe a¢epelymefs ofi ¢her ibuention gfeymede iyt ithe reaptianueofs and

| ti 0 ' | 1, &f RNy | ¥Sj h
copalyer o (1) TEhRnd 3V 0k WEI, be BylLHd NydiaE Healtlofl ¥Ebdpof 1P |
1V, -as wel | asofyIfheand df.omhendusedcason frainnge getentiondaid auee been
found to be usghaba 3o ldRmMsAbiG 208BbisionatH Ylictkaxibg syseamy! at ed

colloidal _and/gr finely djvided_ suspended pmatter i n aqueous Or_ non-agqueous

sol utions® ThelRopoMpiRatiom itk miqeerartictes, 1 FhenAisgrparsislesnt ai ni ng

the suspended g@ht®Beé, added®d RBePHA1PI $8 O bridert anid atbhaybeehbl e
solvent and thep added to the 20 solution,. . The d sa%%FSUDun of

copol ymer is nEtthpEesReet Lo the,polymer a on, lﬁéﬁi?%I?Q in an
anmount ef f ect i & epdDyrhériee H 1Iceull ke ingsagene deagitr withs orghndedi nary
skill in the aa[utzd;gzn {r?gzggialr}.{icd?ntiggméggtggiég bise often referred to as a

10 *microparticle system”.

Suitable microparticles for use in this embodiment
of the present invention generally include organic
polymeric particles and/or inorganic colloidal particles
having cationic anionic or amphoteric charged surfaces.

15 Inorganic microparticles include, but are not limited to
particulate siliceous materials, china clay, alumina,
titanium, zirconium, tin, borium compounds, and the like,
and mixtures thereof. The particulate siliceous
materials can be selected from water swellable clay

20 materials, colloidal silica solutions, or water
dispersible siliceous materials. The water swellable
clay materials are primarily smectite or vermiculite
type., and are preferably the bentonite type materials.
The term "bentonite® generally embraces the sheet

25 silicates that are swellable in water. These are
primarily the clay mineral montmorillonite and similar
clay minerals, e.g. hectorite, nontronite, saponite,
volkonskoite, sauconité, beidellite, allevardite, illite,
halloysite, attapulgite and sepioclite. If water

30 swellability is not a natural property of the mineral, it
may be activated before being used, i.e., converted to
its water-swellable sodium, potassium, lithium, ammonium
or hydroxonium form.



dosage anounts by conventional means. Thus, while the 25 exact dosage
amount for a particular_systemcan vary MAder depending on the nature of
the system and the anpbunt of suspended matter, in general the dosage anount
can range from0.005 to 1 weight percent, preferably from0.01 to 0.5

wei ght percent on the basis of the dry weight 30 of the suspended
matter. The cWPO6/FI2R8 s (1) and (I11) of this invention have aPCKUI968#72 ound
to be particularly useful as drainage/retention aids in pulp and

paper maki ng syst ens. W96/ 33228 -18-
PCT/ US96/ 05172 -17- The copolymers of the invention forned by the reaction
of Ill and IV, as weStitablby nivroppsticiesdforarte dm phidudhvehtidd and V,

when used as & gighnaaeyiad AR $h-ALLR it ALICAGHRUL R, SHiggensi Ons

in papermaking s onb na I on~ W m croparticle
m croparticles eamget:ad@l%oth@ inexgppip partigles da modd£iedaby point with

respect to the EBhMHEE:ﬁ%dEﬂé ﬁ'&ﬁeﬁoﬁtﬁ%'%\vQtfol%o‘&‘i'a}‘:”ﬁéh&ht

fl occul ati ng agent together mn ani ¢ and |nor%w_|c m croparticles is

‘often refefred (8-4s Below 1004ﬁQ§ﬁop§F9thba§9%tQﬁﬁsl i t{ghBe Atclepstticl es

for use in thlSﬁﬁQ%M;&hd hopolomep! | PRt dduhrieRr Akl MokBCEuTpy
organi ¢ pol yneri¢ | es and/ qr i norganic coIIO|daI Eartlcles havj ng

cationi c ani oni é"ﬁg ARPRIR Y S cIFAEERE Far ARl 34 t n¥eich is
m croparticles mebnﬁexabem Wereitoby refeféndé® NAritsCentitesili cROUS

materials, Chi”Sr& e¥te3‘m£5{¥aed inorganic particle for use in this
10 invention is a modified bentonite particle which was
contacted with an acrylic or methacrylic polymer.
Suitable organic polymeric microparticles for use in
the invention include organic polymeric microparticles
which are either water dispersible or water soluble, and
15 have an ionic surface. Organic polymeric microparticles
having the above properties include, but are not limited
to, various latex particles. An example of suitable
organic polymeric microparticles are those commercially
available from Cytec Industries under the trade name of
20 POLYFLEX™., Organic polymeric microparticles suitable for
the present invention include those described in U.S.
Patent 5,171,808 which is incorporated herein by
reference in its entirety. _
The particle size of the microparticles of this
25 invention is not, per se, critical to the invention
provided of course that these particles can disperse or
be readily dispersed into an agqueocus pulp suspension in a
paper making process and which do not negatively affect
the surface characteristics of the final paper product.
30 These particles, in general, will have an average dry
particle size in the range 1 nm to 50 microns, and more
typically from 2 nm to 10 microns._



titanium zirconium tin, borium conpounds, and the |ike, and m xtures
thereof. The particulate siliceous materials can be selected from water
swel | abl e clay 20 materials, colloidal silica solutions, or water
di spersible siliceous materials. The water swellable clay materials are
primarily snmectite or vermculite type, and are preferably the bentonite
type materi aW@964%88 t erm "bentoni te” general |y enbraces theP 172
silicates that are swellable in water. These are primarily the clay
m neral nmontnorillonite and simlar cl&8inerals, e.g. hectorite,
nontronite, saponite, vol konskoite, sauconite, beidellite, allevardite,
i11ite, halloysite, Thet apRelymers and gjcarpastirlesaet tive inventionni |ty
i's not a natur arePheREFAY1P pidi®i It dhtol befBYabe aGidad AbiReficoheg being
used, i.e., conyerted to jts water-swellable sodium fOtaSSIUﬁL |'it hi um
anmoni um or hy ¥B3£8nPaH, FRen, be adgedyfo3epogquecus pulp suspension in
PCT{ U§96/ 05é7f2 an(ij;SorSHi:taiaaeam ﬁpﬁf{iﬁt&ﬁﬁs thérpﬁﬁenhikiﬂ'& Sp:idfae%%t ion al so
i ncl ude " i fied" _inorganic rticle erei.n the iopicity o
| nor gani ¢ ar { FERET FO' ORI ReERbe, SHHISE, PRESTREDATITT dh% 9t B2 ow
nol ecul ar wei glsleveral fRegr Hrages.l0Eh2af) sthggh ihelwde ddiesidleandng., at
| east 4 nEq/ Q) leOni I v JNJ echgi.gue.i e fully.disclosed in
US patent NpmiXipRcn8fsf SBiling bk BephCrpduls Be achitEg
reference in i wheantheetgpolymerfis addiedo¢of thini stogarathsar tthalhe tbor use
in this thick stock, and the microparticle solution is preferably

10 added after the copolymer solution. Typically, both

components are added close to the head box prior to sheet
formation.
The dosage amounts of copolymer and microparticle
added to the system can vary widely depending on the
15 nature of the aqueous pulp suspension and the degree of
drainage or retention desired. Those of ordinary skill
in the art can readily determine appropriate dosage
amounts by conventional technigques. Thus, the exact
dosage amounts are not critical to the invention, per se,
20 and are generally added in amounts effective to provide
enhanced drainage or retention relative to the absence of
these materials. Typical dosage amounts of the present
copolymers range from 0.005 to 0.5 weight %, preferably
from 0.01 to 0.3 weight % and most preferably from 0.02
25 to 0.1 weight % on the basis of dry pulp. Typical dosage
amounts for microparticles range from 0.05 to 3 weight %,
preferably from 0.1 to 1.5 weight % and most preferably
from 0.2 to 1 weight % on the basis of dry pulp. These
ranges generally correspond to weight ratios of copolymer
30 to microparticle in the range 1:10 to 5:1, respectively.
In accordance with the present invention, the copolymer
and microparticle dispersion can also be added in several
increments.



10 invention is a nodified bentonite particle which was contacted with

an acrylic or nmethacrylic polymer. Suitable organic polyneric
m croparticles for use in the invention include organic polyneric

m croparticles which are either water dispersible or water soluble, and 15

have an ionic surface. Oganic polyneric mcroparticles having the above
properties i WP8B2™put are not limted to, various |atex paPETESNASITIN
exanpl e of suitable organic polyneric microparticles are those comrercially
avai l abl e from Cytec Industries under +28-trade nanme of 20

POLYFLEX[err]. Organic polyneric mcroparticles suitable for the present

i nvention include thBhe erpiymexs of the presentt imwventigosimhich is

i ncor por ated heggiB; Ryt {6 SHYIE nl Brbhii 8 bolviteric ¥ RAbkh&hEcSi Ze of the

m croparticles of this 25 I nventiOn_is not, per se, Cri Fcar to the

i nvention provi BeEreparkifle unexpeckediy parovide s draiangséretention

readi ly di SDerSQchﬁ&ﬁbw%wuhmcﬁw érthaficR@prer neking process
and whi ch do not gegatlvel af f ect Lhe_surface characteristics of _the final
paper proddct. $fe tﬁYﬁﬂﬁéﬁxﬂ“ﬁ‘bPﬁé?rlhnﬁﬁﬁmﬂﬁﬂﬁnﬁﬁq/Feﬁ&V§laﬂ aidfage dry
par tli)d e size i anih&lsangrexpetbedly5providenss dina@edreypheabhy from 2 nm
to m crons.

WD 96/ 3322 .
PCT/ US96/ 05172 ?X§Fe“rh‘g”€%bd?8‘iﬁ?ef‘§tahﬁ"ﬁi the pandling apd shear| nyention are
general |y predi pbunbbllenmstaf sdpapatieragunt chigls claliecwlarwWiwedghtvy t hen be

added to an aquﬁggérgﬁig.SQﬁﬁ?Qﬁ%ﬁﬂa&@/retention can be optimized by
10 having the subject copolymers sufficiently hydrolyzed to
provide a charge density in the range 1 to 24 mEq/g,
preferably 4 to 22 mEq/g, most preferably 10 to 20 mEqg/g
as determined at pH 4. At these charge densities, the
hydrolyzed copolymer expands in size and effectively
15 increases its apparent'moleculér weight.

In a preferred embodiment, the drainage/retention
aids of this invention comprise a combination of an
inorganic bentonite microparticle and a copolymer having
a molecular weight of at least 100,000 and which has been

20 hydrolyzed to provide a charge density between 4 and 22
mEq/g. '

The following examples are provided to illustrate
the present invention in accordance with the principles
of this invention, but are not to be construed as

25 limiting the invention in any way except as indicated in
the appended claims. All parts and percentages are by
weight unless otherwise indicated.

Example 1
30 A 250 ml four-neck flask equipped with a stirrer, a

condenser, a thermometer combined with a nitrogen gas
inlet, and a syringe for addition of initiator solutions
was charged with 20.90 g of N-vinylformamide (NVF), 3.00



any order and at any point in the papernmaking process 5 prior to the
headbox, either before or after one_of the several shear stages Shear
stages include the cleaning, m xing and/ or punping stage. Best results are
achi eved when the copolyner is added to thin stock rather than to thick
stock, and the mcroparticle solution is preferably 10 t he
copol ymer soVQop3izes Typically, both conponents are added c?g'g'g’s%%ﬁﬁe head
box prior to sheet formation. The dosage anounts of copol yner and
m croparticle added to the systen1can'ﬁﬁry mndely depending on the 15
nature of the aqueous, pul p suspensi.on and the ree of dralnage or
retention de3|9e8E §§ 5%9{%°Qﬁwﬂ¥%%;¥ 1;dipethyl niym chlordde’| y determine
gpproml ate do3pEEMACPUNasd (3. TB)@/@ft oouebet aglievus asolutiivn ofhe exact
osage anounts 1 not critic i nvention,, per apd are
general |y addeﬁgﬁ 5&%@%ﬁeiﬁﬁﬁ eﬁ& p?S%édetéﬁééﬁﬁéafhﬂFﬁﬁﬁagegg?
retention rel aso&tatl.antﬂms aprEtedftot pHS 6. Apnt purgad wi‘i;tpnia:lrogeaage
amount s of the present copolynmers, range. frqm0.005 tq O.
preferabl ¥ froff§: 03¢ othes Heataq to ﬁocr?%é’tleprsé:F§FéBFy fFBn‘gO 02 25 to
0.1 wei ght %OBebaﬁabéSfEaéli (H)édlhﬂtﬁ.on E¥AtS thinl) TP AP OF NVEFOr

nicroparticles fro 5 t % f erabl rom O t 1.5
Wet ghe 56 and nds/BofcPErOHUPY Astiegus. PULYEARR T AR B eRLE PRy
pul p. These r aaghylgﬂéedfémméw&mmdct aci@j ghil3tg @f @, 2Ceppdlyter 30

Lhe present | ni@akFoIMLoNE Sab Ay e aRatn) RRERAcISt 40 P BE AR oS0

be addedliOn segeoél water amsirrepared. This solution was added to the

reaction flask via a syringe over an 80-minute period at
55°C.
At this point, high wviscosity built up and 30.0 g
water was added to the flask. Thereafter, another
15  solution of 0.044 g of 2,2 -azcbis [2-(2-imidazolin-2-
| yl)propane] dihydrochloride in 39.0 g of water was added
slowly over 70 minutes. After addition, the reaction

solution was maintained at 55°C for 3% hours, charged with

53.30 g of water and then raised to 65°C for another 4
20 hours. NMR measurement of the resulting copolymer showed
only a trace amount of the vinyl groups. The weight-

average molecular weight (Mw) of the polymer was
determined to be 181,000 by gel permeation chromatography
{(GPC) .
25
Example 2
A 100 ml two-neck flask equipped with a condenser
and a thermometer was charged with 53.45 g of the
copolymer solution from Example 1, 5.33 g of concentrated
30 hydrochloric acid and 21.17 g of water. The solution was
then heated to 80° for 8 hours while stirring.
Examination of the reaction product showed that it



WD 96/ 33228 PCT/ US96/ 05172 -20- The
copol ymers of the present invention in conbination with an organic
pol yneric or inorganic mcroparticle unexpectedly provide a

drai nage/retention mcroparticle system which achi eves enhanced 5
effectiveness over prior known drainage/retention aids, and al so
unexpect edl y mwomsiadz2s a dr ai nage/ retention system whi ch does PEEOSHSEI2t he
handl i ng and shear problenms of the prior art high nol ecul ar wei ght
materials. The drainage/retention can bempti mzed by 10 havi ng the

subj ect copol yners sufficiently hydrolyzed to provide a charge density in
the range 1 to 2bntaingd POcheled NWE, 4B mleﬁq#gpyhasin@rﬁﬂm)alﬁ:ﬁ 20 to 20
nEq/ g as determ ned at 4. At_these n he droI

copol yner expand®ie® ?@Snﬁye%&’}q/ﬁ %Sﬁleqsényéaggb pEsIG %ﬁ%¥% t

mol ecul ar wei ghtby laPca preferred enbodi ment, the drainage/retention aids of
this invention conprise a conbination of an inorganic bentonite

m croparticle and a copol yner having a nol ecul ar wei ght of at |east 100, 000
and which h&s been 20 hydrol yzed to ggggglggga charge density between 4
and 22 nEqg/g. The foll qw.ng,e t t rat the pr esent
I nvention in accorda&éw\?/i ﬁ?ﬁ fﬁg%ﬁan% %&f 9'?Eghsela ne\)/% |CE)"$1l t%out are not
to be construed cazpcﬂ&mer sodiation £iam |m1|60|1.| hd a2y Qveglfexcept as

i ndi cated in the, 9ed el ApHPoctl dr RO PUAAPES DG UH ltRslY HEleI!

unl ess ot herw se | cat
solut;on was heated to 80°C for 8 hours while stirring.

10 The composition of the resulting copolymer was 20 mole%
NVF, 78 mole% VAm and 2 mole% DADMAC as determined by

NMR. The Mw was 653,000 as measured by GPC.

_Example 4

15 A 250 ml flask similar to that of Example 1 was
charged with 17.05 g of NVF, 4.97 g of 65% aqueous DADMAC
and 6.72 g of 0.005% aqueous solution of ethylenediamine-
tetracetic acid, tetrasodium salt. The solution was

adjusted to pH=6.5, purged with nitrogen gas and then

20 heated to 55°C while stirr_ing. In a separate flask, a
solution of NVF, 0.112 g of 2,2 -azobis [2-(2-imidazolin-
2-yl) propane] dihydrochloride and 105.56 g of water was
prepared and then added tc the flask over a 90-minute
period. Thereafter, another solution of 0.037 g of 2,2 -

25 azobis [2-(2-imidazolin-2-yl) propane] dihydrochloride in
45.19 g of water was added slowly over 60 minutes. After
addition, the reaction solution was maintained at 55°C for

3% hours, charged with 25.0 g of water and then raised to

65° for another 4 hours. The Mw of the resultant
30 copolymer was determined to be 344,000 by GPC.



Example 1 30 A 250 ml four-neck flask equipped with a stirrer, a
condenser, a-thernoneter conbinedw th.a nitrogen gas inlet and a syringe

for addition of initiator solutions was charged with 20.90 g of

N-vi nyl f or mam de (NVF), 3.00 WD 96/ 33228

PCT/ US96/ 05172 -21- g of 65% aqueous dial |yl dinethyl amonj hl or| de

( DADVAC) NQ 9633238 g of 0.005% aqueous sol ution of ethyl en%élm’g "5

di am netetraacetic acid, tetrasodiumsalt. The solution was adjusted to pH
6.5, purged with nitrogen 5 gas, a@d-then heated to 55[err]C while
stirring. In a separate flask, a solution containing 20.90 g of NVF, 3.75
g of 0.005% aqueous sol ution of tetrZXa®Pdéh 83|t of ethyl ene

di-am netetraaceti Cry¢d h 100l &l #18bk2weére adpdtiged 44.36 g,of the
[2-(2-1im dazolin- Zla/l ) propane) di hydrochl oride and 116. 79 10 g of water

was prepar ed. SORPt %’blﬁﬂliﬁ%§r8§d§ﬂa‘f‘51?lfe PedSt BoRtr FRRREDEEEERD y i nge
over an 80- mM Rydfodlslorit acidpadr RS, 40t g tdf war@rt , ThiegBoYuEE68 was bui | t
up and 30.0 g water was_added to_the flask. Thereafter, another 15

sol utionof 0them Reafed to 8L7ELFer B hounswhilel FRIDTLR) propane]
di hydr ochl of | 8gaikiingifhh GOlcHeALBaCHEEn & WHowedVehatOsg NUtES. After

addition, the reaction solution was mai ntai ned at 55C for 3[err] hours,

charged wi t h 59nteined 4§ \amade¥, uF, ndf meled/Am apst 4 mpEet, her 4 20
hours.  NMR Wsﬁﬁﬁ?% Hia Q}@ \;\iﬁljgﬁrﬁsf‘,%oﬁoggl NOELuSIPVRY Gl y @ trace

amount of the Vvinyl groups.

10 Example 6
Into a 200 ml flask were charged 53.23 g of the

copolymer solution from Example 4, 11.93 g of
concentrated hydrochloric acid and 24.47 g of water. The
solution was heated to 80°C for 8 hours while stirring.
15  Examination of the reaction product showed that it
contained 18 mole% NVF, 78 mole% VAm and 4 mole% DADMAC

by NMR and had a Mw of 866,000 as measured by GPC.

Example 7
20 A 200 ml flask similar to that of Example 4 was

charged with 10.89 g of NVF, 9.95 g of 65% adgqueous
DADMAC, 3.55 g of 0.005% agqueous solution of tetrasodium
salt of ethylenediaminetetraacetic acid, and 1.50 g of

water. The solution was adjusted to pH=6.5, purged with

25 nitrogen gas and then heated to 55°C while stirring. In a
separate flask, a solution containing 21.78 g of NVF,
0.117 g of 2,2 -azobis [2-(2-imidazolin-2-yl) propane]
dihydrochloride and 63.20 g of water was prepared. This
solution was added to the reaction flask over 70 minutes

30 at 55°C. Thereafter, another solution of 0.039 g of 2,2'-
azobis [2-(2-imidazolin-2-yl) propane] dihydrochloride
and 36.83 g of water was added sloﬁly over 50 minutes.



average nol ecul ar weight ([err]) of the polyner was determ ned to be
181, 000 by gel perneation chromatography (GPC). 25 Exanple 2 A 100 n )
two- neck flask equi pped with a condenser and a thernoneter was charged with ™~
53.45 g of the copolymer solution fromExanple 1, 5.33 g of concentrated 30
hydrochloric acid and 21.17 g of water. The solution was then heated to
80[err] for Wafs@sW8wWhile stirring. Exam nation of the reacPCONSHASI2Ct
showed that it WD 96/ 33228

PCT/ US96/ 05172 -22- contai ned 50 nol e%2M&, 48 nol e% vinyl am ne (VAM and 2
nol e% DADMAC by NMR and had a [err] of 745,000 as neasured by GPC. 5

Exanpl e 3 A 20@frlerf hadktios, ciles ghctiibh G8sOcomt uddiatc@gotypsr sol ution
from Exanple 1, 14.21 g of concentrated hydrochloric acid and 19.80 g of
wat er. The sol @Pshera8 hewrd (ThegMeref thoregulsans gppolymer washg. 10

The conposi ti ORaeerhffefcsd e e, VU YoEEpRas 20 nol e% NVF, 78 nol e% VAmM
and 2 nol e% DADMAC as determ ned by NMR™ The [err]w was 653,000 as neasured

by GPC. Exanple 4 15 A 250 ml flask simlar to that of Exanple 1
was charged with 17.05 g of NVF, 4.97 midp1@5% aqueous DADVAC and 6.72 g of

0. 005% aqueous sol uti on of _et hyl enedi.am ne-
o aqueou UInto a 200 Ml flask were charged 29.53 g of the

copolymer solution from Example 7, 9.53 g of concentrated
hydrochloric acid and 39.20 g ¢of water. The solution was
then heated to 80° while stirring. Examination of the

10 reaction product showed that it contained 12 mole% NVF,
80 mole% VAm and 8 mole% DADMAC by NMR and had a Mw of
962,000 as measured by GPC.

Example 9
15 A 100 ml flask similar to that of Example 2 was

charged with 6.39 g of NVF, 14.92 g of 65% agqueous
DADMAC, 2.56 g of 0.005% agqueous solution of tetrasodium
salt of ethylenediaminetetraacetic acid and 7.0 g of

water. The solution was adjusted to pH=6.5, purged with

20 nitrogen gas and then heated to 55°C while stirring. In a
separate flask, a solution containing 6.40 g of NVF,
0.090 g of 2,2 -azobis[2-(2-imidazolin-2-yl) propane]
dihydrochloride and 37 g of water was prepared. This
solution was added to the reaction flask over 90 minutes
25 at 55°C. After addition, the reaction was continued at

55°C for another 8% hours.

NMR measurements indicated the presence of about 5%
of the allyl groups of the DADMAC in the reaction
product. The Mw of the resultant copolymer was

30 determined to be 384,000 GPC.



tetracetic acid, tetrasodiumsalt. ‘The sol ution was adj usted to pHaé6. 5,

purged with m_t_mg.e.n_gas_ﬁnd then 20 __ _heated to 55[err]C while stirring.

In a separate flask, a solution of NVF, 0.112 g of 2,2 -azobis
(2-(2-imdazolin- 2-yl) propane] dihydrochloride and 105.56 g of water was
prepared and then added to the flask over a 90-m nute period. Thereafter,
anot her sol utWe®e/ae280. 037 g of 2,2 - 25 azobi s [2-(2-i m (RGHEP$HROSTY| )
propane] di hydrochloride in 45.19 g of water was added slowly over 60

m nutes. After addition, the reaction s@bttion was naintained at 55[err]C
for 3[err] hours, charged with 25.0 g of water and then raised to 65[err]
for another 4 hours. The [err] of the Exampleyd0 30 copol yner was

deter i ned t0 becdddnA0 hests 6E VARG copolymer
PCT/ USO8/ 05172 (5 Bl e T sibiEhesis \EE HvELiBiEnC copo TPaTyed 44.36 g of

the copol yner sol ut i®dre®e e Elash §1M11§r9%°gﬂ'€ﬁt S ESAMPALed W88 r ochloric

acid and 25.40 gh&fgediviith E*zevsobuaquwaqb 92 d lb¥nebsahadebas80[err]C .
for 8 hours while strrrrn nation the reaction product, showed that
|\‘R/|9(-1’°4§ °3?+& 7

it contai neéd 48PRHAG | 98 VAR 2-11or 293 B TRVR and had a
[err] of 965, Ooﬁrwsdﬂlﬁﬂrbﬁh@ﬁldé%nd 97.14 g of water. The pH &&anple
6 Into a 200 m Ias re charg g 553 %?g t he copolé tion from
Exanpl e 4, 11.9%%9 % ééﬁFFa 6 BRT O TR MRF RR giﬂ'ﬂ? of water
The sol ution waﬁzﬂa@gad dax &Qide'th]aﬁ ﬁeat&a hea!rssohEbe S0 i lidur) while

stirring in a nitrogen atmosphere.

10 NMR measurements indicated that about B80% of the

allyl groups of the DADMAC monomer remained

uncopolymerized in the reaction product. The viscosity

of the reaction solution was also negligibly low.

15 Example 11
A bleached kraft pulp containing 30% ground calcium

carbonate with consistency around 0.5% and pH 8 was used
in the standard dynamic Britt jar for retention test.
Copolymers shown in the previous examples were added to
20 the stock on dry paper weight basis. The first pass
retention of fines and fillers are reported in Table 1.

Table 1
Copolymers 0.03% Copolymer 0.06% Copolymer
Example 3 65.8% 71.4%
Example 8 94% 90%
No Copolymer 26%
Example 12
25 The stock was similar to that of Example 11. The

microparticle used was bentonite.



15 Exam nation of the reaction product showed that it contained 18 nol e%
NVF, 78_nol e% VAm and 4_nol e% DADMAC by NVR and had a [err] of 866,000 as
nmeasured by GPC. Exanple 7 20 A 200 M flask simlar to that of
Exanple 4 was charged with 10.89 g of NVF, 9.95 g of 65% aqueous DADVAC,
3.55 g of 0.005% aqueous solution of tetrasodiumsalt of

et hyl enedi am nwWo®6B3Aa8et i c acid, and 1.50 g of water. The sol BCT/USS6NSE2
adjusted to pH err]6.5, purged with 25 nitrogen gas and then heated to
55[err]C while stirring. |In a separate-Rask, a solution containing 21.78
g of NVF, 0.117 g of 2,2 -azobis [2-(2-im dazolin-2-yl) propane]

di hydrochl oride and 63. 20 g of vvater vvas prepared Thi s soI utlon was added
to the reacti on pesedeee . - L - Fr
sol ution of 0.03

WD 96/ 33228 COpolymers 0.03% 0.06®CT/ U396/ OX0L.A% 24-
After addition,

he reaction andt h . Fhe
Mv of the resul tfant copol ynef was %rm ned togglggéﬁ 0do %o%;%%%s !-

Exanple 8 Into g 200 ml flask were charged{29.59 g of thg copot @i
, 9.5B g of concentyated hydrochl gryj \f-ang SP- 20
g of water. The golution was]then heated t¢ 80[err] whil sﬁfﬁng ¢
Exam nati on of thg h1e 3 €artionggroduct $howedgphat 1t jcontagpeq 12 npl e%

NVF,
Example 5 90.3% 81.8% 83.3%
No 24.2%
Copolymer
Example 13
A bleach kraft stock with consistency about 0.5% and
5 pPH 5 was used without any filler. The microparticle used

was bentonite.

Table 3
Copolymers 0.03% 0.06% 0.06%
Copolymer Copolymer Copolymer
+0.3%
Microparticle

Example 2 64.2% 69.2% 78.8%
Example 5 63.3% 69% 91.9%
Example 8 . 67.5% 65.1% 77.5%
No 58.7%
Copolymer




80 nol e% VAm and 8 nol e% DADIVAC by NVR and had a [err] of 962,000 as
nmeasured by GPC._Exanple 9 15 lmlar of
Exanpl e 2 was charged with 6.39 g of NVF, 14.92 g of 65% aqueous DADI\/AC
2.56 g of 0.005% aqueous sol ution of tetrasodiumsalt of

et hyl enedi am netetraacetic acid and 7.0 g of water. The solution was

adj usted to pMP@®sB3IW8 5 purged with 20 ni trogen gas and t REHURMASHR o
55C while stirring. In a separate flask, a solution containing 6.40 g of
NVF, 0.090 g of 2,2 -azobis[2-(2-im daz@7-n-2-yl) propane] dihydrochloride
and 37 g of water was prepared. This solution was added to the reaction

fl ask over 90 minutes 25 at 55[err]§!_amMaddition, the reaction was

continued at 55[err] :?.;Q? h A\%@ t at ed
t he presence of abou? %g/éa g%léuggﬁg * Wﬁﬁat Egirggéggt i on
product. The [G#FPOMtQh%Br%‘é@etramscﬁﬁeﬂyh%rtbﬁsﬂmnagedéteéf-‘-m n8H8et o be

384,000 GPC. thock was 8, with cons:.stency around 0.5%. In
PCT/ US96/ 05172 25 Exa 10 (Comparative Synthesi's of NVF- DADVAC

Copol yner) 5A 208hs d??h’%?@%l#ﬁﬁtar 1t ditmEt sbPc |usefl pRe CRRPI¥MEREt h
12.79 g of NVM ahd. ﬂgcﬁoﬁr@.i':'_t%éﬂ‘qm&anite) WH\ded 190 @eduehcd, £o

-azobi sl 2-(2-imdazol i n-2- r.opane i hydr ochl ori and 97. 14 of
wat er . The(pH ofhengt g‘BJFutly \%d'ge'é.gslf"’gwgsﬁ? ?‘b"‘r?qc/j\;s‘%rtg‘@dtﬁfgﬁr

was reported as freeness in milliliter.

Table 4
Copolymers 0.06% 0.06% Copolymer
Copolymer + 0.3% Microparticle

| Example 3 510 ml 600 ml

Example 6 485 ml 580 ml

Example 8 460 ml 585 ml

No Copolymer 410 ml

10
Example 15

Similar stock to the previous example was used in
the drainage test.



nitrogen gas and then heated to 55[err]C for 10 hours while stirring in a
nitrogen atnosphere. 10 NMR neasurenents indi cated _that about_80% of
the allyl groups of the DADMAC nononer renai ned uncopol ynmerized in the
reacti on product. The viscosity of the reaction solution was al so
negligibly low 15 Exanmpl e 11 A bl eached kraft
pul p cont ai ni (W0 293322r ound cal ci um carbonate with consi st encyP<YRSSEME 50

and pH 8 was used in the standard dynamc Britt jar for retention test.

Copol yners shown in the previous exanpl e38vwere added to 20 the stock on
dry paper weight basis. The first pass retention of fines and fillers are
reported in Table 1. Table 1 Copol yners 0. 03% Copol yner 0. 06%
Copol yrmer Exanplypes==s Sy ok
94% re 90% No Copol yner Table 5 26% Exanplie 12
25 The g - ettt - ' Hcl e
used was bentonijtecOpolmﬁzxz.&ﬁ% Copolymer 0.06% Copolymer
PCT/ US96/ 05172 426- Table 2 Cppol yners 0. 03% .33 Mmi @%@0
0. 06% Copol yner Copol yne Copol ynerj +0. (g% M c%%ﬁ%‘r’%c e <

Example 2 460 ml 585 ml

Example 5 450 ml 585 ml

No Copolymer 410 ml

Example 16

A bleached kraft stock containing no filler was used
5 in the drainage test. The pH of the stock was 5, with
consistency of around 0.5%.

Table 6
Copolymers | 0.06% Copolymer 0.06% Copolymer
. +0.3% Microparticle
Exanmple 2 380 ml 490 ml
Example 5 370 ml 490 ml
Example 8 400 ml 500 ml
No Copolymer 320 ml1




Exanpl e 2 89. 4% 89% 94. 2% Exanpl e 5

90_3% .. 81 8% 83.3% No
24. 2% Copol yner Exanple 13 A bleach kraft stock with consistency about 0.5%
and 5 pH 5 was used without any filler. The m croparticle used was
bentonite. Table 3 Copol yners 0. 03% 0. 06% 0. 06%
Copol ymer WO B8, e r Copol ymer +0. 3% M croparti cl ePEEMHON3

64. 2% 69. 2% 78. 8% Exanpl e 5 69%

91. 9% Exanpl e 8 67.5% ~3%-1% _
59. 7% Copol ymer W 96/ 33228 ”"lm lmﬂ"ﬂlmy
PCT/ US96/ 05172 2 ZHE-LAAIMS: 14 A bl eached kraft stock con 18 ound
cal.cium carbonate as filler was used | n the dral nage test. The pH of the
stock was 8, with cqnsistency arou . 5% e drai nage, test,

liter stock was used and%Uﬁ§F§ﬁ§?£ ‘?ﬁ"’é’t"é’ﬁ'gr FPEP ‘E)En‘t’ iging & added
in sequence t o ddaetdion prodhet! bfuNcvim)Lamdeo haethgdthe ogendral est er was
reported as fretenesi inmlliliter.

CH = ?H
N — R!
10 |
C=0
L,
15 and a cationic guaternary amine having the formula:
R3
CHy= C
20
Y

wherein Y is selected from C(=0)0(CH:), N°R'R°R®X", or
RN 0" X" or mixtures thereof, n is 1 to 5; R}, R?, R®

25 are independently H or C; to C; alkyl, RY, R’ and R® are
independently C; to Cs; alkyl, X is a halide, hydroxyl or
alkylsulfate anion.

2. The water soluble cationic copolymer according
30 to Claim 1 wherein the copolymer is a reaction product of
N-vinylamide to quaternary amine, in a molar ratio of
from 99:1 to 1:99.

3. The water soluble cationic copolymer according
35 to Claim 1 wherein the copolymer is a reaction product of
N-vinylamide to quaternary amine, in a molar ratio of
from 98:2 to 50:50.



Tabl e 4 Copol yners 0. 06%—————————B-06%Copol yner Copol yner

Exg-n%;’_/o_e.MGCr oparti cl 28??71m| e 3 | l!ll“cl llllﬂiﬁﬂ%l%aml . 600 m&B’()—m——

585 m No Copol yner Exanple 15 Sim | ar stock

to the previous exanple was used in the drainage test. WO 96/33228
PCT/ US96/ 0517Wod8R33228abl e 5 Copol yners 0. 06% Copol yner PCTSSEI3172
Copol ynmer +0.3% M croparticle Exanple 2 460 m 585
m Exanmple 5 450 . m -30- 585 m No Copol yner

410 M Exanple 16 A bl eached kraft stock containing no filler was used 5
in the drainage test. The pH of the stock was 5, with consistency of

around 0.5% Table 6 CODQ#%JSJﬁ:er goQQ%%%S@%i’éHc copolyg‘egfig{%g,gp%@;m e

+0.3% M croparticle %karrp
5 370 hd Claim 1 wherein RY0and R® are hydrogen.

5 5. The water soluble cationic copolymer according
to Claim 1 wherein the weight average molecular weight is
at least 3,000.

6. The water soluble cationic copolymer according
10 to Claim 1 wherein the weight average molecular weight is
at least 100,000.

7. The water soluble cationic copolymer according
to Claims 1, 3, 4 or 6 wherein at least a portion of Y

15 groups are

0

|
-CO(CHa)n NPR'R®R®X".
20

8. The water soluble cationic copolymer according
to Claims 1, 3, 4, or 6 wherein at least a portion of Y

groups are R—®N" 0 E SX'.

25 9. The water soluble cationic copolymer according
to Claims 1, 3, 4 or 6 wherein each R‘, R’ and R® is
methyl.



Exanpl e 8 400 m 500 mM No Copol yner
32 WD 96/ 33228 : PCT/ US96/ 05172

I N THE CLAI VE: -29 1. A water - : fionic copolyner
conprising a reaction product of N—rlm H j*ﬁjﬁ“mr;the general 5
formula: [err] 10 15 and a cati onik h T ne havi ngk_trhe f or mul a:
[err] 20 wher ®i09683328 se| ected from C(=O Q(CH err])n /US96AS172
Nerr]Rlerr]Rlerr]Rlerr]X-, or [err] or mxtures thereof, nis 1 to 5;
Rlerr], Rerr], Rerr] 25 are indepeld3dently Hor Cerr] to (Jerr] alkyl,
Rlerr], Rerr] and err] are independently (Jerr] to (Jerr] alkyl, Xis a
hal i de, hydroxyl or 3®kyl&water spdubhe catipriqeganolymerhbaving shec
copolyner accor gdbhgraP forfidd ai m 1 wherein the copolymer is a reaction
product of N-vinylamde to quaternary amne, in a nolar ratio of from99:1
to 1::99. 3. The water sol uble cationic copolymer according 35 to Caim1l
wherein the copolyner_js regcty on_ rg_gtg f Ny byl Al t 0 _quaternary
amne, in 3 nmol ar ratida_g? frlom ’9’8: 2Pto %ﬁggy L-&@Tdi)‘fl

T T ’

=0 H

10 R?

wherein Z represents -C{(=0)0(CH:z)n NPRéR°RéX-,
~C(=0)NH(CHz)» N®R‘R°R®k-, R—N° :3))/ X" ,or residual groups
of -CH.N®(RR®)CH,CH=CH,X , or mixtures thereof, and n is 1

15 to 5; R!, R’ and R® are independently selected from the
group consisting of H or C; to C; alkyl; R®, R’ and R® are
independently C; to C; alkyl, and X is a halide, hydroxyl
or methylsulfate anion; and wherein x, y, and q represent
molar percents of monomeric units in the copolymer such

20 that g is 1 to 99 mol &%, the sum of x+y+q is 100 mol %
and the molar ratio of x to y is from 0 to 10.

11. The water soluble cationic copolymer according
to Claim 10 wherein at least a portion of 2 represents

25 -C(=0)0(CHz)n N®RR°R®X".

12. The water soluble cationic copolymer according
to Claim 10 wherein at least a portion of Z represents
-C(=0)NH (CHz)» N®R'R°R®X". |

30

13. The water soluble cationic copolymer according

to Claim 10 wherein at least a portion of 2 represents R*-

N° oz;r.



WO 96/ 33228 PCT/ US96/ 05172 -30- 4.
The water soluble cationic copolynmer—acecording to Caiml wherein R err]

and R[err] are hydrogen. 5 ubl e cationic
copol ymer according to Caim1 wher elmmﬁgﬂmﬂ ﬂnr age nol ecul ar wei ght
s at |east 3,000. 6. The wat er sol roni< copol ymer according 10
to Oaimil wheWei9eB33218 wej ght average nol ecul ar weight is at PEHYSHSII2000.
7. The water sol uble cationic copolymer according to Clains 1, 3, 4 or 6
wherein at |east a portion of Y 15 gr-8@ps are [err] 20 8. The water

sol ubl e cationic copol yner according to Clains 1, 3, 4, or 6 wherein at

| east a portion of Y Yfougthewatiexr spluble cationir copplymaxt accendimg e
cati-oni c copol yngg éfsﬂﬁdicfmﬁ&é%ﬁ'a%sléasé a%&fti@rm%r 2 PepREBeRtErd] .
Rlerr] and Rlerr] is met . A wat'er soluble catronic copolyner
havi ng t he generabsiduarlllgxm[}:ero‘q cHIN® (RI8F LCHCB=CHB® esent s

-C(=O0Q(CH err])n Nerr]Rerr]Rerr]Rerr] X-,

5 15. The water soluble cationic copolymer according

- to Claim 14 wherein 2 represents polymerization product
residual groups of -CH>N®(R'R®)CH,CH=CH,X , wherein R! and
R? are each hydrogen, R! and R®° are each methyl and X is
chloride ion. '

10
16. The water soluble cationic copolymer according
to Claim 10 wherein said copolymer has a weight average
molecular weight of at least 3,000.
15 17. The water soluble cationic copolymer according

to Claim 10 or Claim 15 wherein said copolymer has a
weight average molecular weight of at least 100, 000.

18. The water soluble cationic copolymer according
20 to Claim 10 or Claim 15 wherein the copolymer has a
cationic charge density in the range 1 to 24 mEqg/g.

19. The water soluble cationic copolymer according
to Claim 10 or Claim 15 wherein the copolymer has a
25 cationic charge density in the range 4 to 22 mEqg/g.

20. The water soluble cationic copolymer according
to Claim 10 or Claim 15 wherein x is from 3 to 70 mol %,
y is from 25 to 90 mol % and g is from 2 to 50 mol %.
30
21. The water soluble cationic copolymer according
to Claim 10 wherein the molar ratio of x to y is from
0.033 to 2.8.



-C(=0) NH (CHerr]) n NNerr]R err]Rerr]Rerr]X-, [err] or residual groups
of CH[err]N[errl(R[errlR[errH—CH[_etrlf‘J—lz(:I—irprrtx- or m xtures thereof,

and nis 1 15 to 5; Rer r] and err] are independently sel ect ed
fromthe group consisting of Hﬁ] ﬂhumﬁl - Rerr], Rerr] and Rlerr]
are independently Clerr] to C[ is a halide d g r
met hyl sul f atWO%33828 and wherein x, v, and represent nol a?cﬂé?féﬁ'%‘ of

nmononeric units in the copol yner such 20 that gis 1to 99 nol % the sum
of xty+g is 100 nmol % and the nolar ra83e of x toy is fromO to 10. 11.
The water sol uble cationic copolynmer according to Caim 10 wherein at | east
a portion of Z represents 25 -C (=0)0(CH err])

Neerr] Rierr] R err] Baert pXgathba 47 pldiar@icela $0HDhE1684108) a0l yer
according to Caim1l erein at least a portion of Z represents -C (=0 NH
(CH2) n N err]ﬂJé%h]]qQ[cértrlPRﬁérFfmlym% COPPTaSNGit er sol ubl e cationic

copol ynmer accor di n&é&t@n@' ThlEnWagisoul aysteatatalpakti ohel-Z represents
Rlerr]- [err] WO 96/ 33228

PCT/ US96/ ®517vinytamide monofsr havipg fihe ganerail. f(?ﬁﬁ‘BF?rrer according to
Claim 10 wherein at Ieast a portion of Z represents a residual group of
-CHerr]Nerr](Rerr] rr])GH err]CH=CH err] Xerr]. 5 15. The

wat er sol ubl e cati oni opol %ﬁe according to Claim 14 wherein Z represents
pol ynmeri zati on product resi ddal groups of -CHerr]Nerr]
(Rlerr]Rlerr])CH err] CH=CH[ eFr %= Rwherein R err] and Rlerr] are each

hydr ogenlOR[err] and R err] e[re each nmethyl and X is

R?
15 with at least one . cationic quaternary amine monomer of
the formula:
R3
20 e ¢
:

wherein Z represents -C(=0)0(CHz), N®R'R°RSx", -
25 C(=0)NH(CHz)» N®RR°R®X" or R—°N 0) X", or
-CH,N® (R°R5) CH,CH=CH,X~, or mixtures thereof and n is 1 to
5:; R}, R?, R® are independently selected from the. group
consisting of H or C; to C; alkyl, R, R® and R® are
independently C, to C3 alkyl, X is a halide, hydroxyl or
30 alkylsulfate anion in a molar ratio of N-vinylamide to
quaternary amine of from.1:99 to 99:1, in the presence of
a free radical polymerization initiator and from 10 to
1500 ppm of an alkali or alkaline earth metal salt of
ethylenediamine tetracetic acid and a pH of from 5 to 8
- 35 to provide a polymeric product;



chloride ion. 10 16. The water snLubLe_caLLgnLg—Ggpelyner according to

Cl aim 10 wherein said copolyner has_a wei ge nol ecul ar wei ght of at
| east 3, 000. 15 17. The jm ﬂB iﬁhﬂ i oni ¢ copol ynmer accordi ng
to Claim110 or Caim1l5 wherein-s a wei ght aver age

nol ecul ar wei ght of at |east 100, 000. 18. The mater sol ubl e cationic

copol ynmer accowWe 983228 to daim10 or daim15 wherein t hePCUERSPBSTE has
a cationic charge density in the range 1 to 24 nEq/g. 19. The water

sol ubl e cationic copol yner according to-@4 m 10 or Caim1l5 wherein the
copol ymer has a 25 cationic charge density in the range 4 to 22 nEq/g.
20. The wat er sol ubl etreatimg ct:ha)mdsgamtanacpolmegié Exdduon ¥athr ££bmi m 15

wherein x is fro tp. 7 e % om.2 ro

fo 50 mol % 30 S105THY neiore B hy Besl By Babd oo Maat Isansel OF 2 m
10 wherein the nﬂt-mnﬂcmud@fmommryunssdf Eonpoovisde tthe? p®lymeri® 96/ 33228
PCT/ US96/ 05172 - oda t; Apigt hod of preparing a high nolecular, water

sol ubl e cationic copo yher conprising: reacting in an aqueous syst em at

| east one N® 5  vi nyFarPveringcat-vAaylagideivipnamine/sationic) er r ]

quaternary amine copolymer having the general formula:

—{—CH;—CH—) x —(—CHCH~—)y ~—— (—CHz—CR*—) Fans

10 N-R! N-R?! Z

=0 H

L
15

wherein R1, R2, R3 and Z are the same as defined above,

and wherein x, y, and q represent molar percents of

monomeric units in the copolymer and g is 1 to 99 mol &,

the sum of x+y+q is 100 mol % and the molar ratio of x to
20 y is from 0 to 10.

23. The method according to Claim 22 wherein the pH
is in the range 6 to 7.

25 24. The method according to Claim 22 wherein the
salt of ethylenediamine tetraacetic acid is present in
the solution in from 50 to 1000 ppm based on the weight
of the solution.

30 25. The method according to Claim 22 wherein the
initiator is added to the monomers in a weight percent in
the range 0.01 to 10%.

26. The method according to Claim 25 wherein the
35 initiator is a water-soluble azo initiator.



10 15 with at least one cationic quaternary am ne nononer of the fornula:

20 wherein Z represents - (=0 {ESH2phrNerr]lRlerr]Rerr]Rerr]Xerr] - 25

C(=ONH(CH err])n Nerr]Rerr] 1R err] X or [err], or
-CH[err]N[err](R[err]Nerr])m[gﬂwmm&ﬂuﬂor m xtures thereof and n
iIs 1to5; Rerr], Rerr], Rerr]=« ly selected fromthe. group

consisting of WA9B3Berr] to CJerr] alkyl, Rerr], Rerr] an®CRUSPOSIR ¢

i ndependently C[err] to CJerr] alkyl, X is a halide, hydroxyl or 30

al kyl sul fate anion in a nolar ratio of 4984 nyl am de to quaternary am ne of
from1:99 to 99:1, in the presence of a free radical polynerization
initiator and from 10 to 1500 ppm of an alkali or alkaline earth netal salt
of ethyl enedi anmine tgira | | of . f . provi de
a pol yneric pr oduct;%g' \C@I)%gy%%%@@o@dghb {:o éfﬂn? L’tzovg:e?’riln ti’:g

PCT/ US96/ 05172 mgnomeraaaregredntedednl aaninest yawnosohened@dt anith from 0. 05

USed to provi do"PRBSERFURE, 11 e diege SRHE o TWoll BT TV AT O

N-vi nyl am &/ vi nyl am ne/ cati oni ¢ quaternary am ne copol ynmer having the

general formula: [erpy 10me MG AcBbehihy £b%1din B Une-R14 €nde the

sane as defined abovg,
initially formed polymer is treated with an acid selected

from HCl, Hbr, HF, H,S0;, HNO;, HiPO3; or H3PO;.

10 29. The method according to Claim 22 wherein the
copolymer is hydrolyvzed at a temperature in the range 50

to 100°C.

30. The method according to Claim 22 wherein at
i5 least a portion of Z represents polymerization product

residual groups of -CH.N®(R'R®)CH,CH=CH,X .

31. The method according to Claim 29 or Claim 30
wherein R* and R® are methyl groups and X is a chloride
20 ion.

32. The method according to Claim 22 or Claim 29
wherein q represents from 2 to 50 mole percent.

25 33. The method according to Claims 22, 29 or 30
wherein the weight average molecular weight of the
recovered copolymer is at least 100,000.

34. The method according to Claims 22, 29 or 30
30 wherein the molar ratio of x to ¥ ix from 0.033 to 2.8.

35. A method of preparing paper or paper board
product from an agqueous pulp suspension comprising adding



and wherein x, y, and g represent _nolar percents of nononeric units in the
copolynmer and q is 1 to 99 nol % the sumof x+y+q is 100 nol % and the

et e

S aim 23 wherei n the-pr 1< in°t he AMIHIAMIARIAE ™ " e et o

according to O aim22 wherein the salt ‘f “et hyl ¥neldi ani ne tetraacetic acid
IS present in We683M28tion in from50 to 1000 ppm based on t h@CREPWNISIZ3f

the solution. 30 25. The nethod according to Claim 22 wherein the
initiator is added to the nmononers in a vg§ght percent in the range 0.01 to
10% 26. The nethod according to Caim25 wherein the 35 initiator is a

wat er - sol ubl e azco rthiel stispensioN\@d @Effer2ive amount of a drainage
PCT/-US96/ 05172 - 35, . _The, AG5 di o) i A in.the
nononers are rea%t%é:ggﬁl%oﬁngllﬁgéw? rmsg{?eroggﬁ %%%n%éelrzé%g :ﬂriaq't’%g ?ange
30C to 100[ er r] CnegazdveThpositive o copliotgric Shnface Thangesi andhd)

initially formed ol hSal j ofis f . ,
HF, H er)r/] S err]a,Q: Iﬁ%gr Pfe ‘{!fgérf] &ei}iﬁap:gﬁgh é‘?% err]g.é?"lra(#_tgi flij% 29.
The net hod acordi ng t{d)d ai waber #rkuhle casienpe| garelymendiolcpmpesed a

t2 (Zarr\plﬁr ature ![ N tRF HRIBoIImbLi A& ddactibn S CalBlihPhAEAdd BaviagC ai m
eretn a the general formula: .

CH, = CH
10 |
1T
P°°
15 R?
with at least one cationic quaternary amine monomer of
the general formula:
20 R®
|
CH= C
Y
25
wherein Y represents -C(=0)0(CH;)» N®R'R°R®X" or
R'N® o 71{'; or
(ii) a water soluble cationic copolymer (II) having
the general formula:
30
—(—CRy—CH~—) x ~{~—CH;CH—)y —(—CHy—CR—) y—
liI-Rl liT-Rl Z
35 C=0 H

RZ



15 | east a portion of Z represents pol ymeri zati on product residual
grqups of -CH err]Nerr](Rerr]Rerr -. 31. The nethod

according to Claim29 or Clalmﬂ'm and Rl err] are nethyl
groups and X is a chloride 20 Ymgnmmmhod according to C aim 22
or Claim29 wherein ¢ represents*frﬁ)mQ t | e percent. 25 33.
The nmethod acwomesazg8to C ains 22, 29 or 30 wherein the wei gRECTASWSLR

nol ecul ar wei ght of the recovered copolyner is at |east 100,000. 34. The
met hod according to Clains 22, 29 or 3G-33G wherein the nolar ratio of x
toy ix from0.033 to 2.8. 35. A nethod of preparing paper or paper board

product from anwBEHEPN ST, pyéﬁws.maocomi)gl Ner4H g WO 96/ 33228
PCT/ US96/ 05172 -36- to the sus en i on an, ef erg% anount of a drainage
es

retention aid cofpe@) NEHIE NJRWRMpaRb i0F yesddual growpsitive
or anphoteric sytfa Q& _ t Ieas | ubl atignic
pol ymer sel ect eagf Fgﬁi@& Qﬁc}geﬁT&’}g * wBF P8 m%thtggteogm an oﬁg}’y r (1)
conposed of theandlznafia@damnéxea:craindnmt ﬁnlNJ/|wI59;mn3e Rhdmi R*he
gener al for mul a; [ Q |
Quat e nar y Sam na=RotBigpentensiy gRTeeshd, B Ghe Pl WhoiBeRy br x|
or C; to C; alkyl; R?, R’ and R® are independently C; to C3
alkyl, and X is a halide, hydroxyl or alkylsulfate anion;
and wherein x, y, and g represent molar percents of

monomeric units in the copolymer such that g is 1 to 99

10 mol %, and the sum of x+y+q is 100 mol % and the molar
ratio of x to y is from 0.033 to 2.B, or mixtures
thereof, and n is 1 to 5; R!, R?® and R? are independently
selected from H or C;-C; alkyl; R*, R® and R® are
independently selected from C;-C3; alkyl; X is a halide,

15 hydroxyl or methylsulfate anion such that the molar ratio
of N-vinylamide to cationic quaternary amine monomers is
1:99 to 99:1 and the molar ratio of x to y is from 0 to
10.

20 36. The method of Claim 35 wherein the water
soluble copolymer is the copolymer I and the copolymer is
a copolymer according to Claims 3, 4, 5 to 6.

37. The method of Claim 35 wherein the water
25 soluble copolymer is the copolymer II and the molar ratio
of the sum of x + y to q is from about 98:2 to 50:50.

38. The method of Claim 37 wherein the water
soluble polymer is the copolymer II and the copolymer is
30 a copolymer according to Claim 14 or Claim 15.



25 wherein Y represents -C(=0Q Q(CHerr]). N[erﬂerr]R[err]R[err]X or

[err] ___; or (ii) a water solu ioni ¢ copolynmer (11) having the
general formula: 30 [err] 35 \ ‘lpresents -C(=O (CHerr])n
Nerr]Rerr]Rlerr]Rerr]X-, -C( Emwmln ““2“1 [err]Rlerr]Rlerr]R err] X-,
[err] or residual groups of -CHerr|[M(Rfert] R err]yCH err]CH=CH err] X err],
or m xtures thwooess22e&nd for Y and Z of copolynmer | and |1, nPCHUSIEHOSITE;
Rlerr], Rerr] and Rerr] 5 are i ndependently sel ected fromthe group

consisting of Hor Clerr] to.CJerr] al ky3g-Rlerr], RS and Rlerr] are

I ndependently Cferr] to (Jerr] alkyl, and X is a halide, hydroxyl or

al kyl sul fate ani on; a&ﬂ.mkfﬂueimebho@pfaﬂﬁlahmrb&r@ﬁinm copolemeés DI
nmononeric units in.the Y. C [ 0 | % and the
sum of x+y+qg is {’88 %07'8%% raﬂé F.g?,ﬁé{; & o?igﬁé)&ga% 119?%% 0.033 to
2.8, or mxtureslPRePB®f, and nis 1 to 5; R[err] R[err] and Rlerr] are

i ndependently selected fromH or Cl- C3 al kyI R[err] Rlerr] and Rierr] are
[ ndependentl selected fromCerr]-Cerr k X is a halide, 15

hydr oxy! %ret hyl sul #8t e The gretdind, ofh g ameg%dmﬁrem .téxeopono&myram de

to cati 0”' C quat E&Q%Ycé‘ﬂi&@lé'[&}mﬁé dbﬁsit 9%t Ofsh 14 & 2hae ratio
of xtoyis fromO to 10. 20 ?he nmet hod of Clalmqgg wher ei n

t he wat er
41. The method of Claim 35 wherein the molar ratio

of x to ¥y is from 0.033 to 2.8.
10
42. The method of Claim 35 wherein the
microparticles are inorganic colloidal particles having a
negative charge.

15 43. The method of Claim 35 wherein the
microparticles are organic polymeric microparticles.

44. The method of Claim 35 wherein the inorganic
microparticles are selected from the group consisting of
20 bentonite and modified colleidal bentonite.

45. The method of Claim 35 wherein the copolymer is
added to the agueous pulp suspension in a dosage of from
0.005 to 0.5 weight percent based on the dry weight of

25 pulp in the suspension and the microparticles are added
to the aqueous pulp suspension in a dosage from 0.05 to 3
weight percent based on the dry weight of pulp in the
suspension.



sol ubl e copolyner is the copolynmer | and the copolyner is a copolyner
according to Caims 3.4 5 to 6. 37 1 t he
wat er 25 sol ubl e copol ymer +s—the cc 23 copol Mk) and the nolar ratio of

the sum of x+ytoq|sfroma \m“ 38. The nethod of Caim
37 wherein the water sol uble pol mm
or

ymer Il and_the copol ymer

is 30 a coWoisdes accor di ng tor Cl%i h Cl ai m 15. - BGT/US%0SY 3
met hod of C aim 38 wherein the copol yner I | has a wei ght average nol ecul ar
wei ght of at |east 100,000. 5 439- The net hod of C aim 35 wherein

t he copol yner has a cationic charge density of from4 to 22 nEq/g. 41. The
met hod of O ai m 35 wh€r eid néthab|ok fﬂacbuletingt@qgﬁlaﬁed)mﬂlbm to 2.8.
10 42. The neth i Mﬁ? r or gani c

col | oi dal parti gfdkesi}q%/?{r’lgagé negative c t%f %?aé&dé&f\é %ﬁé"%he met hod of
C ai m 35 wher ei fomRELiaing Adding|tes téweeswsgam Erom| §.R45 darilc wedahti cl es.
44. The met hod %Er&ﬁtntééem &He Eﬂ@- h&%ﬁénbf PRE TQNRAI1IHeRS adlifor

sel ected fromthe group consi st bentonite an m)dl f| ed col | oi dal

bent oni te. 5. fABeA¥t Ruspend ‘@d‘?ﬁqﬁtﬂ APt heafe WA IMBLAN Scdubkd8ed to the

gquegus pulhp Zuaaemswa HO1Pméld R ctled’ EBIO. 005 to 0.5 weight percent
ased on the dry wel ?1 a water soluble cationic copolymer (I) composed
of the polymerization reaction of an N-vinylamide having

the general formula:

10
CH; = (i.'H
T
15 C=0
13
with at least one cationic quaternary amine monomer of
20 the general formula: '
R3
CH= C
25
Y

wherein Y represents -C(=0)0(CHz)n N°R‘R°R®X™ or
RN® OE SX'; or



25 pulp in the suspension and the nmicroparticles are added to the
aqueous pul p suspension in a dosage from0.05 to 3 weight percent based_on

PCT/ USS6) 05472 39" 4b. A %L‘fhiﬂmmllllﬂllﬂtl Sosgui at ed andior 1inely

di vi ded suspended matter in aquebus® systé& ns® cohprising adding to the system
f.rom 0. 005 t o wowaiage® percent based on the dry wei ght of thePCTRSYNSITRA
and/or 5 finely suspended matter of at |east one water soluble cationic
pol yner selected from (i) a water sol ubl.ggcati onic copol yner (I) conposed

of t'he polynerization reaction of an N-vinylam de having the general
formula: 10 [err] 15 piih aatwdmstsoanmeaéwmmatwp@lmr dmrpehaengger of
20 . the genera formJIa It 5vvhere|nYrepresents -C(=0 QCHerr])n
Nerr]Rlerr] R[erh’?i[%?’?? F ., or WO 96/ 33228

PCT/ US96/ 05172

— {(~—CHy—CH—) x — (—CHCH—), ~—(—CH—CR>—)  ams

N-R? N-R? Z

-C=0 H
l

10 R?

wherein Z represents -C{=0)0{CHz), N®R‘R°R®X-,
-C{=O)NH({(CH;)» N®R‘R°R®%~, R'‘—N® 07) X ,or residual groups
of -CH,N®(R*R®) CH,CH=CH,X", or mixtures thereof: and for Y

15 and.Z of copolymer I and II, n is .1 to 5; R!, R® and R®
are independently selected from the :group consisting of H
or C; to C; alkyl; R% R® and R® are independently C; to C;
alkyl, and X is a halide, hydroxyl or alkylsulfate anion;
and wherein x, y, and g represent molar percents of

20 monomeric units in the copolymer such that ¢ is 1 to 99
mol §, and the sum of x+y+q is 100 mol % and the molar
ratio of x to y is from 0 to 10.

47. The method of Claim 46 wherein the water
25 soluble copolymer is copolymer I and the copolymer is a
copolymer according to Claims 3, 4, 5 or 6.

48. The method of Claim 46 wherein the water
soluble copolymer is copolymer II and the molar ratio of
30 the sum of x + ¥y to g is from about 98:2 to 50:50.

49. The method of Claim 46 wherein the water
soluble polymer is copolymer II and the copolymer is a
copolymer according to Claim 14 or Claim 15.
35



-40- (ii) a water soluble cationic copolyner (I1) havi ng the general
foroula: 5 [err] 10 wherein Z represents -C=
N[err]R[err]R[err]R[err]X— -C(

Nerr]Rerr]Rlerr]R err] X-, [err]mmflmlﬂzmuﬂmnglloups of
-CI-l[err]N[err](R[err R[err])Cl—l[err]Cl—lzCH[e'f‘r] [err], or mXxtures thereof:
and for Y 15 W09 of copolymer | and Il, nis 1 to 5; R[BEFPSREaR ]
and R[err] are independently sel ected fromthe group consisting of H or
Clerr] to (Jerr] alkyl; Rerr], Rerr]-akd Rlerr] are independently Cferr]
to Cferr] alkyl, and X is a halide, hydroxyl or alkylsulfate anion; and

wherein x, y, and q 5%pré§’@nmeﬁb9§r°5e¢%@?l‘s4ﬁ)ﬂﬂh2@eln FBROREPPLYISH (XL i n
the .copol ymer spigd 4 Redi fgi;d Sverhge Mo T@¢uLar Al ghte ogUltOlexgy+q i s 100 nol

% and the nol ar ratloo x toy s fromO to 10. 47. The nethod of C aim 46
wherein the wat®0200- 5ol uble copol ymer is copolymer | and the copol yner
is a copolyner according to Clains 3, 4, 5 or 6. 48. The nethod of C aim46

vvherelnth wat er saql ubl ol the Iar rati o of
t he gum of x Pyt %”ﬁ gﬁkﬁggrﬁgb%fﬁﬂﬁgg‘s%rgé%gh YPeE Hdshod of
CI aim 46 whereia ¢dteiomice chasyebenpbty nef ﬂ:&ncapubyranrmnd;/gnd t he
copol yner is a copolyner according to Caim114 or Caim115. 35
W06/ 33228 PCT/ US96/ 05172 -41-
52. The method of Claim 46 wherein the molar ratio

of x to y is from 0.033 to 2.8.

10



50. The ‘method of C ai m 46 wherein the copol ymer Il has a v@v'&fﬂ ,\tﬁ\{eg
| east 100, 000 The nethod of

nol.ecul ar _wej ght of _at

o) Ll

e._'

aim

46 -wherein the polyner- has a cationic charge density of from4 to 22 nEg/g!

to 2.8. 10

52. The nethod of Caim46 wherein the nolar ratio of x to y isghtom0.033
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(57} Abstract

A water-soluble cationic copolymer compris-
ing the reaction product of (I) and a cationic qua-
temary amine having formula (a), wherein Y is (b)
and nis 1 to 5; R, R?, R3 are i tly H
or C; to C3 alkyl, R4 RS and RS are i
deatly C; 1o Cj alky], X is a halide, hydroxyl or
C1-C;3 elkylsulfate anion. A second water-solulble

YCHCH=CH;X'

and nis 1 t0 5; R1, R? and R3 are

selected from the group consisting of H or C to
Cs alkyl; R4, R® and RS are independently C) to
Ca alkyl, and X is a halide, hydroxy! or alkylsul-
fate anion; and wherein x, y and q represent mo-
lar of monomeric units in the copolymer
such that q is 1 to 99 mol %, and the molar ra-
tio of x to ¥ is from O to 10. The copolymers of
this invention are useful as flocculating agents and
as drainage/retention aids in pulp and i
operations. .

" CR; = CH
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N — R
} o Cir=¢c ®
C=0 |
i '4
RI
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~-CO{CH)n NPR'R*R’X" or n‘—‘n: 07r ®
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