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WO 2004/ 101882 PCT/ EP2004/ 004544 1 USE OF
WATER- SOLUBLE CROSSLI NKED CATI ONI C POLYMERS FOR
WGOCHNHROLEsE NG DEPOSI TI ON OF PI TCH AND STI CKI ES POI/EP2004/004544
PAPERVMAKI NG 5 The present invention relates to a
met hod for controlling pitch and stickies deposit in a
pul p and paper maki ng procesi usi ng crosslinked
cationic polymers made by controlled addition of a
wat er soluble radical initiator at reaction

U@ﬁ)@FaW@rTéﬁmsﬂLlé%h-E SRQBSEHIKER GATIONIERPbYMERS FOR
C@l\g@gnl_ﬂl nven%‘%@% i's direct gdq:t gﬁt%ggo@\gﬂzﬁ?ngAKlNG
nDIecuIar wei ght (MA, crosslinked, water-soluble
cationic polynmer for controlling and preventing
deposition of pitch and stickies in papernmking. 15
THedre8B8h GNP BoBefatba e h@hbw&ﬁdzomrbmnglmeh )anldrstlpﬁleer
maki ng as flocculants for m?rOV|n E%élon

deppsit iihg OUlthandBaReratkinthPOCESS HPIREL E%?RG'%PO'yme"S
m%éBmBg c{iﬂﬁ’él?eﬂ]?@d]ﬁorgspé?w&ér Ctﬁfle pPadi€d lﬁlﬂgto?ta't Fé‘elcﬁ%n
n e nos ortant ext ensively used
temperaiaiecwitio byitetion ﬂoochaie Ex&arsiagoand otosah@(mgme
quat ernary 20 ammoni um pol yners of diallyl di al kyl
anmoni um conpounds. |t has been shown that the higher
the nol ecul ar BRCKBROVND OF THE INFENTIONY cationic
pol ymer, the nore effective the polynmer is as a
flocculating agent. Normally a Iinear polymer of
THY Q¥ ﬁ@{aﬁt]l/ n RHTRE T RO LSE bE§ Hig M uldrSweight (MW),
pr epare ynerization using an azo initiator
crasalihked wvater-sdblibte catmnigapolgmeafarsontioling Rad. pregentrg
8, US. Pat. No

de@,oﬁé'é’hég@}tchjggdb%'gheﬁérbaa&%)mé%m ve high MV Use of

crossllnklng or branchlng agents in polynerization i's

anot her way produce MW cati oni c
CW%@@WM$ Bavwaeﬁn é‘?%@ §?< eﬁﬁWﬁb’ 5 RARES "@%HW%%QO%%“WS
foElrngé]]'gwg po foh &l o%fn%%hggaos%ﬂla)g%ﬂﬁs of¥ikatBik Yo control

yDADMVAC can
arfRaic ER2b emdateesitionof pitch and stickies. Among the most important

and extensively used cationic polymers for deposit control are the quaternary
ammonium polymers of diallyldialkyl ammonium compounds. It has been shown
that the higher the molecular weight (MW) of the resulting cationic polymer, the
more effective the polymer is as a flocculating agent. Normally a linear polymer
of diallydimethyl ammonium choloride (DADMAC) is prepared. Polymerization
using an azo initiator and/or with added inorganic salts (U.S. Pat. No.
5,248,744, U.S. Pat. No. 5,422,408,

U.S. Pat. No. 4,439,580) has been used to achieve high MW. Use of
crosslinking or branching agents in polymerization is another way to produce
high MW cationic polymers. Polymerization with crosslinking agents can give
high MW as well as structured polymers. A highly branched polyDADMAC can
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have better efficacy than a linear one of simlar MN
in certain types of applications. U S. Pat. No.

WwW@24401888 t eaches that branched pol yDADVAC i SPODER2004/004544

effective 5 than a |inear pol yDADVAC for

el ectroconductive paper because the branched pol yner

I nparts superior barrier prggerties to the

el ectroconducti ve paper trate preventing sol vent

fromdiffusing intog the paper. ending U S
hwdvett%ﬁﬁmcx%wmg lingar ena el Yawar @Mﬂé’é Feriipdypes of
aﬁﬂkX C by 10 a Post-polynerization crosslinking

reaction using water soluble radical initiators. U S.

Pat. No. 3,968,037 shows that cationic polyners

URS IS b s 16 B fondsiBafbrab Padt hayBALA s rors slfegtive

thaa\eelirfiar polySIATIIACHog Bletfrbestductine @apaﬁbéd:muhem@mhed
nd for the treatment of 15 ac%p1iJ d sewa S|

d
POFHBe [RASOPUPTOE BTN PEPRATTISS ecironoaguctive paper
SRS h%*gﬁé\t)erﬁl\%gréo%%n% J‘orrﬂ'ﬁﬂ’uélﬁ@ o dhé Pb p&moni um sal ts,

I saCryl am as the crosslinking agents.
They found that only ineffective products were

CRARUTT - SPURSIM BRI KIS BB BRI B o
a Posi-pdlyimdizatio o blogsiikamys Feedtiom using sedtabselubleatadRADMAG o s.

made from sol uti on polynerization works better as a
floccul ant or defoam ng agent for breaking

UE.Ipdinnyad 868 @@V's‘h‘o@&sthat—r&bﬁloﬁﬂi mcymbmgmeww AVérseof
maki ng hi ghl'y branched pol yDADVAC. These branched

(weberyiDADIVRGWSien PBlyimeerzation adibi argsdinkingang! lrapghiageagents

TR FROAITEheRy 5 65 R A e tamonto
ad‘tb(/dtsdcédvmgedﬁudgé' ARGy entors ngedop@gmleﬁmb\(msaturated
yneri zation, of DADVAC after m)no é& conver si on has
e

Wmﬂédsa% PRYL AN Ea- 8l MDY A St el y gel | ed
I
mgf idaRryl R, %@%é\@?gs%ﬁnz%%%%ig@%ﬂ%né tha®dnly

nce in the beginnin _
inpifaetivezoodyu e 4844 obfained from solution polymerization containing a

crosslinking agent.

European Pat. No. 0264710B1 claims that highly branched water-soluble
polyDADMAC made from solution polymerization works better as a flocculant or
defoaming agent for breaking oil-in-water emulsions. The patent teaches the art
of making highly branched polyDADMAC. These branched polyDADMAC are
made by adding 0.1 to 3.0 mole% of crosslinking comonomer such as
methyltriallyl ammonium chloride (MTAAC) or triallylamine hydrochloride
(TAAHCI) during progressive polymerization of DADMAC after monomer
conversion has achieved at least 25% fo 90%. A completely gelled product is
obtained when the MTAA is added all at once in the beginning.
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U S. Pat. No. 4,100,079 discloses the use of

copol ynmers of DADAMC and N- net hyl ol acryl am de
w@eaabbdssnf post crosslinking as aci d thi ckeni PQI/BBE04/604544

inoil well drilling and fracturing for stinmulating

wel | production. 5 U S. Pat. No. 4,225,445 discl oses

t hat branched DADMAC pol yners are useful as acid

thickeners in oil well drilPi ng and fracturing

B RN ol aTiShE e P bR S BRB AR
méﬂ&ﬁﬁécgglléﬁ{ldé‘eugﬁé'@é of EIY, é%éséh‘hk%b' 24 484 W{:l@é}ﬂﬁ@ﬁ ERs in oil

53,886 di scloses the use
welf ddliing ahd rﬂmewrlngm'@lm@layn@mllmodm@gul ants in
suspensi ons of inorganic solids for mneral refuse
slurry. The preferred high nol ecul ar wei ght
U@. ¢as8l Noked2paks oNddsesfibat brbﬁcl@étpbiﬂ\m,i\crpdlyaners are useful

o RHipan ool SHlIG Aot iAWY PRGAHeRT SHpeanched
DR@MA?@ I{)wﬁ%rx %lr@PFéggraa By .rwetr&b BRI ?algh@ai%at@ bfri ci

Jour nal | ymer Science: Par
D@@U&\Qm a ar9egijnkes manomertsuch ks tyallyimathylaammonium
dﬁguxglectrolyte sanple with nore branching or
crosslinking had stronger binding wth anionic
counter ions. is alleged that branching of the 20

U R 85%@%@3? st RgnsSor Preselas BABRTAS fBlymery as

Ie
cc%@uleﬁﬁéu ﬁﬁﬁﬁgeﬂgl@hg of ﬁforgﬁﬂafsérdé foRnihSrapsFase sluRg. The

t hem uses a nmul ti functi onal

prefarred high anelaeylat wemk@rmswedmly%@b’lﬂ%for\&beg@pllcatlon is
SRR AR RO DA B 85 e

interfering substances in the wet end of paperrrakl ng
i B o S RS Rt Bt
ettd] (stcsurhgu &aionﬂhéps&@h@@ Fmért Bovar dsr pgs 2bwrm§vq%@nd that

partlc es released fromt bers durln B
therogdiesis pofieledralite sagwle wdhm@f@ m@ﬁdmgpmm nking had

stfd ‘EE(e?B?n%%’ QA 3ftbnic counter ions. It is alleged that branching of the

polycations creates regions with higher numbers of charged groups even at high
dilution and consequently an increased number of counter ions is associated to
them.

U.S. Pat. No. 5,989,382 uses a multifunctional (triallylamine) to make high
molecular weight cross-linked poly-DADMAC, which can be used for pitch
control in papermaking.

Pitch and stickies are interfering substances in the wet end of papermaking
which can affect both the machine runnability and paper quality. The term
“pitch” used here refers to colloidal dispersion of wood-derived hydrophobic

particles released from the fibers during pulping process and is also called wood
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4 pitch. Wod pitch includes fatty acids, resin acids,
their insoluble salts, and esters of fatty acids with
w@booaaosB2 sterols, and other fats and waxes. PCT/EP2004/004544

deposit problens are seasonal because pitch
conposition varies by season and type of wood. The
hydr ophobi ¢ conponents of pitch, particularly
triglycerides, 5 are consi déred the maj or factors
det er mi ni ng whet her resence of such itch wll
PifchadVoed a@%wp&udﬁﬁé%i Ye?ﬁ'g HEFBISIacid% FWﬁ'h@SBﬁPquS%IYS\néi)Q

eStefd yce¥%81d§'v9 div&aBt, 'sYerBl'sQQn@@%?tfa fand waxes. Pitch

tr| e tern1 sticki es" use ere refers to
d@nc@%ﬂwoh@n@r arel ssagaaali bﬂCéUS@ pltely cempesiting evarigh by Iseason and

tvBE AL S PhRAVRRRABLE mpd e FRich!. BERRueptyilaBSerides,
arbafdwsf(d@éed lu?aecmjcedam detemarngwhei??gtrt]@ p(s)\??'gné\@ sgiuech

pit il iend FedBrdsi RIBDIGHT engrs LS og et MRS B
s@ﬁﬁcéﬁ F}ﬁl‘ﬂbﬁ%nﬂﬁl}rﬁ Bf {rmﬂ:eh@egeﬁ?é:fe?m' ’@tnékné‘é”iﬂs@@ HHr@‘F'é'I%?S to

machi ne dovintinme causing | ost profit
sttq’rw mmrlalsmetq@ﬁe@bg shibslaacesrwhinby arlsesfr@mqonmnenv}mfn

re%gglgg rﬂg %,SS{JCE lagsa% HB; veg Eﬁb coBfnggf‘fse %ﬁlcm%%ranffq%@%%@c;ated

1 on an envi
brokeclrecyoléddstasté peperaioe boam]nhahmg Hidyde-imked mm (IP) t Tiee

GRS B ES] POKB SR BNBR Aal e REBAFY. Pebeiiep of it

afEBeQlids 8fich [c4andietdctyin fiti Qﬂoﬁ;ﬂ%du@parﬁﬁﬁé&élﬁha@hlhéh
and stickies fromrecycled coated Pers and de-i nked

dewirtiree qaupivg lestipsefitiial e millnhbese p'tqb q9n® beeerse more

St e Beb 2P GBS Ol obE Gt 5L

rom i's §éasona res
cénsenvationt st émdloamentalcgas@ts. Winddss thepitch fand dtiokied are

ki d d ked fib i
PR moTet Goy hesva e bt o BEled Repngn B essiaeraring
SM%@Wﬁl'd&@ﬁh’l@fb‘[@ﬁnﬁ @Qea’[@anﬂl Ty t@rde?)b'sﬁ kihasuhPagilit

ber before they have a chance to agglonerate, or fo
Pf@@!ﬁm&b‘he pitch or stickies with a polymer that makes
them non-tacky and therefore unable to aggl onerate.
Three chem cal nethods are conmmonly used by paper
Seasdrmal piicle and rstitkies froim r@cycled @oatadgkapess drpdetinked waste

paper cause major runnability problems resulting in lost production and hence
lost profit for the mill. Pitch from wood is seasonal. Stickies from coated broke,
recycled waste paper for board making and de-inked fiber will occur when these
furnishes are being used. Technology in place today is based on fixation of the
pitch or stickies to the fiber before they have a chance to agglomerate, or to
coat the pitch or stickies with a polymer that makes them non-tacky and

therefore unable to agglomerate.

Three chemical methods are commonly used by paper mills to control pitch and
stickies deposit:

1) detackification
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1) detackification WO 2004/101882 PCT/ EP2004/ 004544 5

2) stabilization 3) fixation These nethods are,
whowenersg2 not comonly used together since theRCTEP2004/004544

conflict with each other. 5 In detackification, a

chem cal is used to build a boundary |ayer of water

around the pitch and stickier to decrease

depositability. Detackifi cafion can be achi eved by

addition of pitch adsorbents such as talc and

behtBabitiEatialowever, pitch adsorbents such talc can

e@?al f}i&ti%ﬁn”i buting to pitch depositability if
talc/pitch 10 particles are not retained in the paper
Thdseanethodsare Antwevernooiwananoslylused dogglb ey sibce thaynmay

S i ljzati o surfactants and di spersants are used to
°°6ﬁ'2%31"‘6{£‘| %Fhe(ﬂtﬁgﬁce colloidal stability and all ow

pitch and stickies to pass through the process 15

wi t hout aggl onerating or depositing. Cationic,_polyners
Ingeagidhcrably 3 GBEIGa 1> §aocoIRpud & Bonsary lavep ot BRtdhioind
th%giit‘éh!a‘?@ étQF%%QB d%b?‘%%b%po%ﬁilﬁ?.‘ BefRRkiiEBich 841¢Be aBfieved

pol yvi nyl al cohol and copol yners”such as
byadigition pf pit¢tiadsarhgnisstieh asdalc apdbentpipie. dawaiervigich

188264) h b eve > r LGk .
agiordr supfidadan e iR RRo i dsBralrufipitaicmicn
paradiet isgd natietsined potheraper Shebt aafatatls capbwtarssohible

styrene and nal ei c anhydride (U S. Pat. No. 6,051, 160)
PY¥NE Heen used for pitch deposit control through,
nost likely, the pitch stabilization nechanism In

fixation, polymers are used to fix pitch and stickies
Intstabpitizatianp surfactaniseans\dispersantsare usethte kBeminaliy ennapee

Dt ol f o _ . :
oA el gl R S O ER S BrAS ARG IS,
wﬁl@élﬁrafg@ﬂbm@raﬁ'ﬁga:mid@pb@'ting%.rcaalhalnw poiginessn ae temeily.used as
Anionic trash consists of colloidal (pitch.and

fixgliver R s9nirelifchiadd tigkigs fipeen Qret"% Nonjejgpowymers such
a@hbi§Ginyt ABoRAREIA dBpelyATers Budh \aobfatrfamide-vinyl acetate ( PCT

Application WO 0188264) have been developed and used for stickies control
through detackification. Hydrophobically modified anionic polymers such as a
copolymer of styrene and maleic anhydride

(U.S. Pat. No. 6,051,160) have been used for pitch deposit control through,

most likely, the pitch stabilization mechanism.

In fixation, polymers are used to fix pitch and stickies to the fiber and remove
them from the white water system. The interfering substances in papermaking
system are usually anionic in nature and are sometimes referred to as anionic
trash or cationic demand. Anionic trash consists of colloidal (pitch and stickies)
and dissolved materials that adversely affect the paper making in a variety of
ways through deposit formation or interference with chemical additives.
Removal of anionic trash by reducing cationic demand with a cationic polymer is

a way of deposit control through fixation. The advantage of using cationic



10

15

20

25

ways through deposit formation or interference with
chem cal additives. 30 Renoval of anionic trash by

WO e@uaorsg2 cati onic demand with a cationi c pol yPET/EPRO04/604544
way of deposit control through fixation. The advantage
of using cationic WO 2004/101882 PCT/ EP2004/ 004544 6
pol yneric coagul ants for pitch and stickies control is
that the pitch and stickies® are renoved fromthe
systemin the form of m croscopi articles dispers c%es

poéymﬁ@c EpROYlANS far pifch and $tqule§w&@trags§éhabﬁhm ars’ Y
arg%mob@d front i élgﬁerﬂ i? HeORAR o? nﬂ@ﬁd%egemﬁ‘ifaﬁ%(%%él\g%béﬂs@a

tch deposit enzyme (i pase)
arpmg/t’r@rfﬁaersurlfthafnraﬁwdmaparqixquuqtest is used to
eval uate performance for pitch control. European
Application No. 464993 di scl oses use of an anphoteric

U sopek. MF?E 066,250 dﬁf&l@b&@ m@tmjrfw bonmiﬁ@b pALH de;ﬁ@n’t using
control | i natural pit P e mer

erkye paes it R A Babinerec Brtiirs ol skited Trod to

e\{alﬂﬁfgg%rf@%§§céim pithhlchRyr@l tch in coated broke. A

te turbidity test 1s one of the test nethods
used to evaluate the performance for pitch deposit

EGRRbaD ppRlarENe ARl oS v BB R ERE mey o
DADMAC endcictylicaitid saltssfed chtrolingeadiurag ptttohtde@obntlok EeThe

control white pitch. Afiltrate ,Idlt te i s used
palyngks FEMa! Slghrd dprederas -dRasitsontphel %'&? YoqyGie nyips and

wlﬁ’i'té %ﬁbﬁjiﬁ%b%'téd BRIKE! Y-\' ftltre?t@ tlﬁ%rdi’ngéﬁ lé\l%ﬁb'd'f #hd RIt Nxthods

22 teaches a nethod for ucing or preventing

useldetoc&vat@ thenpeformangefor pitchalenash qoné’ogaper maki ng
process with an emul sion copol yner of DADVAC, DADEAC,
acryl am de and acrylic acid. The DADMAC pol yners used

P@TApplitaiisroNsl WH€d03458. teBahes that aﬁlplﬁlenﬁﬁ@rpcﬂmb&of

DEGRIAL HHIRETES Sa REPIICEG KLt PSSl TSI RIng oaiagkbroke to
ds?ﬁ@f%ne 'cH'TRrﬁﬁreHé ﬁ?rbféi‘it? tékﬂ'-"ls GES$ & detsafline efdPRiafbeé of

ows that crosslinked ? yepi am nes have better
thpepolyonersrfoewhiiapiteh depesit cqidiofani ne to gi ve nore
turbidity reduction.

European Application No. 058622 teaches a method for reducing or preventing
the deposition of wood pitch during the papermaking process with an emulsion
copolymer of DADMAC, DADEAC, acrylamide and acrylic acid. The DADMAC
polymers used are not crosslinked.

U.S. Pat. No. 5,131,982 teaches use of DADMAC homopolymers and
copolymers for coated broke treatment to controf white pitch. The DADMAC
polymers used are not crosslinked. The patent shows that crosslinked
polyepiamines have better performance than a linear polyamine to give more

turbidity reduction.
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WD 2004/ 101882 PCT/ EP2004/ 004544 7 U.S. Pat. No.

5,837,100 teaches the use of blends of dispersion
w@oiogirerss2 and coagul ants for coated broke treBCTEPR1004/004544

Turbidity reduction testing is used to determ ne

activity efficient of the polynmers. 5 U S. Pat. No.

5,989, 392 teaches the use o% crossl i nked DADVAC

polynmers for controlling anhionic trash and pitch

deposition in pulp containing broke. Pulp filtrate

turbidity test is used to eval uate pol yner performance

Ul R gh. 518@?%'6& e%QH pg%gfle)fa%%ggl y%&h&h B ove?%d
o amig i 5‘»3. & ik ek A g bt

rADI\/ACS used are prepared
Y F¢—crosSrifiki Nng nononer such as
tr| al | yI am ne hydrochl ori de and net hyl ene

B
r&’ﬁﬁ'\g dMiGiflc %Eﬁ%ﬁﬁéﬁlt@h%epbsﬂgﬁﬁn bul@&ioﬁ?éiﬁm@"ﬂrbk@ Pulp

Initiator arting acryl ate pol yner
ful&aﬂe@urmtw teshisarsed te evaluateapelymer perfpenanas ia pifchgtpposition

o2l e ARG bieR of SOGE ordsBikef Gfighelfn addec
pd‘lj/[DélDMSﬁ()j%s EWI@( dcf?ﬂehtlmalﬂlﬂeanepscﬂyIDABM&% e deﬁionetdatfedr The
craslied ohbranter aaDARKREY ved SRobparma R0 Frolvefini
creést,nﬁmng%oﬁdsr%ﬁ LicHchs qla%?rénw& h?erroeﬁeﬁdbsarm&h@irmene

controlled by reaction fenperature t he amount of
blsmwiamlcbe added, and the reaction time after the
addition of the initiator. Initiator feed tine i s not
used to control extent of crosslinking. The patent is
Enepatie dpptication Ng. 6adgIgWisclossd a nietilo? o paky dow ymaeadar

wighi SR TES 1ot Py BRpBR WL P aorical Bt 1

stBﬁlrJlg' J8r)186 pcﬂMﬁeF Solbti6s Is'sdtad tba rr@é&ﬂoﬁ't@ﬁpe?&u@@f 7)1/}
| oid Polym Sci, 277:115-122 1999) have

T Iﬁfed@ﬁéﬁd amednt Qfartadpal ipitiatvpet edmww@latwlycsahoremhe
pgrL @ 2 Stg tfs'ggg r'ﬁ‘?‘? h@ée‘t&&e’rﬁﬁ%ﬁﬁe i n AR fr an

additional time, usually less than 2 hours, to use up the initiator added for
crosslinking. The extent of crosslinking and MW increase is mainly controlled by
reaction temperature, pH, the amount of initiator added, and the reaction time
after the addition of the initiator. Initiator feed time is not used to control extent
of crosslinking. The patent is related to making low MW crosslinked

polyacrylates for dertergent and cleaning applications.

Crosslinking between the strong electrolyte polymeric radicals can be limited
due to electrostatic repulsion. Ma and Zhu (Colloid Polym. Sci, 277:115-122
(1999) have demonstrated that polyDADMAC cannot undergo radical

crosslinking by irradiation because the cationic charges repel each other. On

the other hand, nonionic polyacrylamide can be readily crosslinked by
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t he ot her hand, nonionic pol yacryl am de can be readily
crosslinked by WO 2004/ 101882 PCT/ EP2004/ 004544 8

w0 peoadomB: on. The difficulty of crosslinking ppCT/ERIONMI®4544
by organi c peroxides was reported by Gu et al
(Journal of Applied Polynmer Science, Volunme 74, page
1412, (1999). Treating pol yDADAMC with a
di al kyl peroxide in nmelt (140 to 180C) only led to

degradati on of t mer as, bhein vi dent
irgdiatiens Ehe ﬁlffmltw? Pﬁ&%ﬂ*@ﬂ% @elsvDAD'\%é 8@3 pejexides was
regom r oM e %U(%u a6t AR PAYHERScEARRDYSIuR e , 74, page

eposi tion through’both fixation
143, ¢H9O)t Tmlnng eohENAMCswitle @i diallsylperoRide inrmehn(‘i%to

P55 b48h SeBAIAMTEH B SR P A L 345 4 Bbtgpee
inamdiccdseamiyc functionality for fixation and charge

neutralization. Thus, the present invention relates to
crosslinking water-soluble cationic 15 polyners of

di al I'yl di met hy| aspRmARYchE PHEdRNEMEMNE) which are

strong cationic electrolyte polynmers. Mononer DADVAC
in spite of containing two double bonds, undergoes

: [ ' f t t
BB BREh h goPi  BrRgTRR doboshPE Haut ek pcation
amy ra‘rtli)ﬂ)rildtra"stu lmdm:tlen ms:gleélrabl? ][Thmgaverﬁn/iewmles-solfub[aﬂmmzo ers
can crasslink ersul fate 0 nl y
IGHERSR Ber el 3RO ok e FEVRONHTE Csl yRatbun
sthfd@leSarid@dtiodrRPRREGHEIt R fiRalioHBd @m@emgmnmmsed
for the post crosslinki'ng. There is need for high

nol ecul ar wei ght, crosslinked, water- soI ubl e cationic

Tlglg%, él’é'(? fJFesfe% in&%ﬁﬁ& Pé?gte?ttb %l‘ds%ﬁn Igféé’ %‘tér—s‘iﬂﬁ%é Uatiofige

ve O 'S I nventl on
polyBss bMan@iMathMamniorﬁ]A@Mh@)rmet (DA@MACt) whictdate siramy

cafopi St el rotuas MaricenerdX HEI T e fr BoRlainidd o
douisl8 %oﬁ@g unWé’rd]cﬁast éﬁld}fdl&&ﬁémﬁﬂ@ﬁ 6 BOMTE ModTR IRk, igter-

yol ef i ni ¢ crossl i nkKer have the crosslinker

S@u&@g@bﬁ'%@t‘m@krﬁﬁ&ﬁ@n@ aHite of SamepbrIAFRYTENiSIMYM heigrocyclic
rng%é) o) n)‘rﬂgl%dof@dﬂmi B% i'&g%s%hﬁ et d6¥ EQ Ffo regébarﬂﬁo&ﬂs only

arn crosslin
wheh iresigwil tnoorfamer is hedmc&;d to sufficiently low levels that depend on the

polymer concentration used for the post crosslinking.

There is a need for high molecular weight, crosslinked, water-soluble cationic
polymers for pitch and stickies deposit control. One objective of this invention is
to provide a crosslinked polymer of DADMAC with structure different from that
of crosslinked polymers made by addition of a polyolefinic crosslinker as
described in U.S. Patent 5,989,392. While the crosslinked polymers made using
a polyolefinic crosslinker have the crosslinker bridged between two connected
polymer chains, the crosslinked polymers of the present invention do not

contain crosslinker bridges and therefore are believed to have shorter
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WO 2004/ 101882 PCT/ EP2004/ 004544 9 crosslinking
bridges with polynmer chains sinply connecting at sone
w@oioatig1sen their backbones. A desirabl e cati OPCT/EP2004/004544
polymer is one that can effectively and efficiently
control 5 both anionic trash and pitch and stickies
deposit. The cationic polyners commercially used in
paper mlls for pitch and st’ickies control are
honpﬁol ynmers of DADMAC and pol yepi am ne, prepar ed fr?
cragslinkingriitgesiwith RelYmEr ﬁ'@@'ﬂ? ﬁ%ﬁ"ﬁ@onﬁ‘?CtW@satﬁéW%@%'ﬁ S on
t hat water-sol uble branched or crosslinked
thg%ﬁ%r@é@% DADVAC prepared by post crosslinking with
persul fate 10 can be successfully used to control

A BebabiB KAtk Bl fiter I B8 e B FHENLAP pAdicibhf Rt

bdih l%ﬁﬁﬁ\}ic trateahd phich and isﬂddé@dep@?(lapmlei ca?bh@rpc:vynglarshi gh
nol ecul ar wel

conameErRlly ltﬁﬂdy%ﬂapﬁé%/'\f:‘ifﬁf P pig Sﬁﬂﬂe%g@%?%?%; 15

h&nﬁmgﬁb%‘oﬂﬁABM afB$ohjdp i‘é?hiﬂé ﬂr@pﬂ@@?ﬁ‘dﬁ'@bﬂﬂlora fin

conprises the step of addi n &gper furnis
arpt diovethyastiree it Hasr maw bean wirsonersld t ssaluidedpranched or

S Y

cahotbé E@dzdés@ﬂjllstulsek It@&on@lfrolmlﬁch fandeﬁmfleé depogit bg cywiloeitg them
E for contraolling stickies deposit. 20 The high
fr(?FBIt @ SV stemyB; the ForpMI MIGKeRRORIG PideSwat er - sol ubl e
cationic polyner is nmade by post crosslinking a

cationic base polymer with a suitable radical _
Thumpte'sanbmyem pr%lﬁéteds@ applicaiinrcolbabighpopieales weight

?%‘nggg{/\ﬁa%w%e?ng%t@% &glrnie\m& iq%ﬂtrg Iing an£i5preventing
dépﬁmtﬁﬁﬁdﬁft;ﬂl@h idtstiekieslin papaendidmgnilhea: m@thddzcdrmhgésahe step
ofl\é%?alng} t% pai_;|)2er fEFm%h prior to sheet formation the high MW crosslinked or
branched polyDADMAC to treat mechanical pulp for controlling wood pitch
deposit, coated broke for controlling stickies or pitch deposit, and recycled pulp

for controlling stickies deposit.

The high molecular weight (MW), crosslinked, water-soluble cationic polymer is
made by post crosslinking a cationic base polymer with a suitable radical
initiator. The preferred cationic base polymers are those polymers made from
polymerization of diallyldialkyl anmonium compounds which may be
represented by the following formula:
i
H,C=C—C

2
\N-_r/R3

H.c=c—Cc \_ Y
> T H, Ry

RZ
where R and Rz are hydrogen or a C4-C4 alkyl; Rz and Ry are, independently,
hydrogen or an alkyl, hydroxyalkyl, carboxy alkyl, carboxyamide alkyi,
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R2 4 2 where RL and R2 are hydrogen or a Cl1-C4

al kyl; R3 and R4 are, independently, hydrogen or an
wa@bdogli918By dr oxyal kyl , carboxy al kyl, car boxyanPTEEP2004/004544

al kyl, WD 2004/101882 PCT/ EP2004/ 004544 10

al koxyal kyl group having froml| to 18 carbon atons;

and r represents an anion. The nost preferred

cationi ¢ mononer for the caflPonic base polyner i's

di al | yl di met hyl ammoni um chl ori de ( DADVAC)
alliexyalkyl argiup, havm frenotTalon 18 errbapadempsang Ye'@Pé%GetrlSS gn
arfi. Qg%e@%ﬁ%?ér%ﬁnéé’c%n@ heRomer for;ip% Ellicifc 88 %e@w it is
dialtitdimgthy anpapreunfdﬂm@(%DMAQ)o sheet for matl on a

mul ti-crosslinked cationic polynmer, which polynmer is

prepared by the nethod conprising: 10 (i) polynerizing
Acoobgihgit tral ih¥tadt Invehtidrie difeetieio £ mateat contivllinggsitch and

radical initiation to forma base cationic po

stigkiegdiepasitipR &y apergrakingy yyhichyethad @%pm%rsxep of adding
to ‘(b%?)gpﬂﬁﬂfsﬁ rﬁ)r?o §I?éét%‘r‘n%tf&%@ﬁﬁ‘itl E%Eﬁ’rﬂ@a@ltoatléﬂ% polyer,

contacting the base cationic polymer solution
wivich pobydutirtis preplaréd by the adithed comptisingor to form
i nt erconnecti ng bonds between base cationic polyners
to formsaid nulti-crosslinked cationic polyner,

wheT) @lofyrh érezingrblitbdtastizoly 3 li of Kiesl neombhericompongnty bjhéree a
hi gher nol ecul ar wei ght than the 20 base cati qni
po|r§w6al inifigllon & Earmc Base FAITC Bewm?érsowomm&%e Ipertideast

frg%rr%‘étsrﬁ%é csrmn«?er'qavﬁ(bw Eaascatﬁ)tn'idiﬁ\b%ﬁ]e?'c&ﬁ%ﬁ@ht

Cross pol yners nade by conventi ona
nmet hod using a polyolefinic crosslinker. Wile the
cro Ilnked pol yners made 25 using a polyolefinic

Ilnker have the crosslinker bridged between two
connected polyner chai ns, the crosslinked pol yners of

t he_present |nv tion do t contajin crossli.nker
or 1(ieantagiing e hees catiahie POBIMERARAY Wiy addHiBnaldree

radical initiator to form interconnecting bonds between base cationic
polymers to form said multi-crosslinked cationic polymer, wherein the
multi-crosslinked cationic polymer has a higher molecular weight than the

base cationic polymer.

The novel crosslinked polymer of DADMAC made and used in this invention has
structure different from that of crosslinked polymers made by conventional
method using a polyolefinic crosslinker. While the crosslinked polymers made
using a polyolefinic crosslinker have the crosslinker bridged between two
connected polymer chains, the crosslinked polymers of the present invention do
not contain crosslinker bridges and therefore are believed to have shorter
crosslinking bridges with polymer chains simply connecting at some points on

their backbones.
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connecting at sone points on their backbones. 30 WD
wQo@4naB3B882 PCT/ EP2004/ 004544 11 DETAI LED DESCREPZD4AN4544
OF THE | NVENTI ON Cati oni ¢ polyners are commonly used
in papermaking to renove anionic trash by charge
neutralization. Anionic traﬁh consi sts of coll oi dal
(pitch and sti cki es) 5 and 'di ssol ved naterials that
adversely affect _the gl_ vari ety of
Nays. ¢ hr oubR ThiERIRES GRIHPDNOB TR EVER AR wi ¢ 1
chem cal additives. Renobval of anionic trash by fixing
colloidal particles to fiber and reducing cationic
Catmmdolwrtans arecedriominty Lpﬁaaynmrapemakmg;to oémpie ehicairitrash

qr Sﬁ %Uﬁgf@%ﬁ@p, @F‘@g'kgt{%%‘%&‘%f gﬁﬁé Eﬁg%gélt#bér@ stickies)

arﬁd diekdlesd aenérslb ths adb@tsetmwt tm%pap@? rabkinfiies \ariety of
renmpved fromthe system

.
W ﬁhr@@sd%n%%fépgaaﬂcah@mgteﬁtﬁéeﬂqeo\m chamige: agélﬁv&hed
REABEA of%rn%#ﬁ&trasﬁ by?‘&ﬁn %ﬂadgl BEAVREAH fiB¥r ARG ré RERN

I nventors t|on of pitch and stickies to
catiepierddmaed withc mtmngepowuer isla way iob pitemand stieliga depasit

e} oidies iV g GEEThg R b VARRR ESg R R Bitgh and
stmkieﬁmﬁroﬂrs&hé’omﬁqﬂtchsann@tmes AsS kémk\i/ertgframcthtaisgeiem in the
TR e T e
proBge. ft t@@ﬂé&lnyﬁédv%?éd By tH prdisaht il ehidldttlat BHEMEItIBROf pitch

compounds be’ represented by the follow ng
arfcbstrakies: tomapep fnbeaaﬁd:cmargmmeutnahzatmmnctw grhamcedpy the

o G B R AR SR g5 S S o

caiplicopoipnkyd arecfarmed by @lobyd:rosslmmig(a aatiottic daky Ipolymer with
a suitable radical initiator. The preferred cationic base polymers are those
polymers made from polymerization of diallyldialkyl ammonium compounds

which may be represented by the following formula:

T H,
H2C=C—C\N+/R3
Hc=Cc—C \_ Y

[ H, R

2

where Ry and Rz are hydrogen or a C1-C4 alkyl; Rz and R4 are, independently,
hydrogen or an alkyl, hydroxyalkyl, carboxy alkyl, carboxyamide alkyl,
alkoxyalkyl group having from 1 to 18 carbon atoms; and Y™ represents an
anion. The most preferred cationic monomer for the cationic base polymer is
diallyldimethyl ammonium chloride (DADMAC).

Preferably, about 50 to about 100 percent by weight of the monomer, based on
the weight of the total monomer components available for polymerization, is

diallydimethylammonium chioride.
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al koxyal kyl group having froml| to 18 carbon atons;
and Y' represents an anion. The nost preferred
W@ 2004000882 nononer for the cationic base pol ynmePCT/BP2004/004544
di al | yl di met hyl ammoni um chl ori de ( DADVAC). 25
Preferably, about 50 to about 100 percent by wei ght of
t he nononer, based on the i ght of the total nononer
conponents avail abl e for pol'ynerization, is
di al | ydi met hyl ammoni um chl ori de. WD 2004/ 101882
PCT/ EP2004/ 004544 12 Cationi c base pol yners useful

CéﬁHni@P%é bbRfire u%@fqucﬁ%?és%hﬁlﬂﬁg I ehepla% wh@h m@s@bmaﬁ

crossl i nked "wat er - sol ubl e cati ohi ¢ érrers
weigbtenessiinkedrwatenselahle Qaénoampaiwﬁﬁtsr@ﬁt mpye%aréunmh@n can

oA B BB SO GBS o Bt el

hdgﬁbp@iﬂrne@(ammﬂymérsl @fmrdt?lhjgémnmul drinaﬂzlhele Examples of

onDo nmer s, copol yners o [

oA S alabled By eRaR St aaponids G Rl GkAamBnium
f t

e ar 3“(?5’8 $68 PRBER redeindies %E?%Wpo ol Abequat § by

Ciba Sugpiiyr@hemifalat i oni ¢ nononmers  and ot her

copol yneri zabl e nononers. Exanpl es of suitable
nmononers copol yneri zable with cationi c nononers

SuitsHiél 88tiortic bagé Polyaierk icah taﬁ;d) Bedcopat@mnitsdt ¢ttionic monomers
met hacryl am de, N, N-di met hy acr}ll am de, acrylic acid,

anfethge p9n>q>l&fmeaéa*ae PRRMESS Ezswne Gf guitable monomers
c%d&ﬁ%%(ilég% gt rb%tloﬁ&e%%fﬁér%d 89& Witfe ndt KBS to,

acrylate, vinyl acetate and m xtures
accrhlamadﬁ m&hﬂabwlardld@xi\hié dimethyl soryleenidesaatylioacid, methacrylic

=GNl rorb Pt P Rigonsy YRRV ERULABmstens, ety

m@ﬁdcrﬁéteoum?/bacaammsmreg ittesreph ISuMer dibxideotan also be
water-in-oi [ inverse enmulsion 20 polynerization or

ugadstocsopobineyie with PAINVIOR: using a suitable free

radical initiator. Exanples of suitable initiators

i ncl ude persul fates such as anmoni um persul fate
PolnPeyizatien omheemtigubhna@orhgtdﬂoo tencgtionixbass pelymer ghn be

oA BB 5 B o PSS R Byomusin
polymerization or dispersion polymerization using a suitable free radical initiator.
Examples of suitable initiators include persulfates such as ammonium persuifate
(APS); peroxides such as hydrogen peroxide, t-butyl hydroperoxide, and t-butyl
peroxy pivalate, azo initiators such as 2,2'-azobis(2-amidinopropane)
dihydrochloride, 4,4'-azobis-4-cyanovaleric acid and 2,2’-azobisisobutyronitrile;
and redox initiator systems such as t-butyl hydroperoxide/Fe(ll) and ammonium
persulfate/bisulfite. Aqueous solution polymerization using ammonium
persulfate (APS) is the preferred method for preparing the base cationic
polymer of the preferred monomer DADMAC. The amount of the free effective
radical initiator used in the polymerization process depends on total monomer

concentration and the type of monomers used and may range from about 0.2 to
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di hydrochl ori de, 4,4'-azobi s-4-cyanoval eric acid and
2,2'-azobi sisobutyronitrile; 25 and redox initiator
wayauamsssuch as t-butyl hydroperoxi de/ Fe(l|) PECTEP2004/004544
amoni um persul fate/bisulfite. Agueous sol ution
pol yneri zation using amoni um persul fate (APS) is the
preferred nethod for prepari §g the base cationic
pol ymer of the preferred moridner DADMAC. The amount of
thefre tive radical initiator used in
g prievi Yot BRI HORUBS' EpER R AT ere fepREle Gigota
m@,ﬂgﬁ,@p%mérg@nand the type of nononers used and may
range fromabout 0.2 to WO 2004/101882
PCT/ EP2004/ 004544 13 about 5.0 Wt % of total nonomer

h t
SRS ARG (R 5RuIARRE 1l Ao FEBYEEN. Oxvgen
cagob@f r@ﬂbz%a irom the hrébﬁncﬁhﬂeﬁmm b%appﬂyg@mao@wgwnh a@taﬁnm or
e renov romthe reactign nedi a vac
by BTSN a1 oT 59S Sy s Gitrhach 41 Agonabhe hebehefatom
caAPtHRhlHOSHY BB AR bIARRetR? tHdTRIerZgdd. on  can then be
conduct ed under a bl anket of the inert gas.
Di al | yl ami ne nononers such as DADVAC, al t hough
ORPEARS brbUf $3080 S hyntd Gudl KR rpRTER, yit Byt
CkGi doubl@boitidy, aug meﬁymbmmdb)fmm lizedri poiymeisewith adere radlcal

R B e 1 PS8 R Pk B lepontai
ré&%ﬁnd? URRSBF Sm?éﬁb&@dﬁinohWntd?n Anghi 1915 dedibRCH MBke linear

as the free ra pO ynerli zation process can
bageoneler with as jah aonelegular weidhiias the feelradicabrelymeriaation
pigBEs o BOVEe 13 thoh RS it wilB AR, foCHnk e AfiaftEluct is
deshacl mw@ﬂpmcatlmsesmmas ﬂmbhmn cbhotmtedtionc mrliatoe to
cGheRbaton Trar i teaidrain Bod FeraiPR A ol EPphife toraftagt the

rafeéé of FRcdl Polyiferiation RALMEoIa¥@EEweIght bﬁth@mmgin@uemas@f
he present ~ invention as disclosed herein, will be

P@'M@@bl hase Sé‘éleé‘dﬂ ithey agubeing laware ot theoprineiples gl e Rgsent
m'i/8n égﬁf:s h'é? ﬁc III e 3%356\%!}5 of Té?@ctlng suitaple reaction

T eFosst osed e present
cmrrd:mns horaohaavet nghn rrhﬂeauﬂard/velght di heepdsheroasllalaug dechnology
dlsclogeé apr}egé/ |nverﬁ%%rca\r/f?{hgrﬁ3 be used to raise the molecular

weight to an even higher value.

The multi-crosslinked cationic polymer of the invention has a weight average
molecular weight greater than about 600,000 g/mole. Preferably, the weight
average molecular weight is greater than 700,000 g/mole and most preferably

greater than about 850,000 g/mole.

Brookfield viscosity is a function of molecular weight, concentration and
temperature. Therefore viscosity is related to molecular weight at a fixed

concentration and temperature. For example a viscosity of 2500 cps at 20%
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The mul ti-crosslinked cationic polynmer of the

i nvention has a wei ght average 25 nol ecul ar wei ght
w@e@atiersst han about 600, 000 g/ nol e. Preferabl yPCT/BR2004/004544

wei ght average nol ecul ar weight is greater than

700, 000 g/ nol e and nost preferably greater than about

850, 000 g/ nole. Brookfield vjiscosity is a function of

nol ecul ar wei ght, concent raton and” 30 t enper at ure.

Therefore viscosity is related to nol ecul ar wei ght at
palymiex & Alefc@nit1raati29n° Geerresnapesde @rueighbavesraapnaegular

Wik Eﬁ%%ﬂ?%&é@?%@?@‘ﬂﬁé%ﬁ PR e ROp5 yippe grice)

navo\ nuaecwsipeaight standamizi ghe higher due visobsity e higiver tiet

Rl PR R Stibedaon FERE Hafeain SFe fdossinked
céﬂcﬁli'tﬂ}%lsimer Ehmehh@é\ﬂrontﬁa% ¥ yBeesityt of. adove Juoahgss 4t %

nol ecul ar wei ght. For the purposes of the invention,
coneeniration inwatesiat RRSE. Brefarabbyitae piscosiy iseboukd500 to about

i ntioQ S a viscopsity of a €~2000 cps at 20%
2%@3?5&?? Iaggﬁ%oncqq{;e\rl\ﬁ?&)n H{ Wﬁ{oeré?gér gfzer ably, the
viscosity is about 2500 to about 25, 000 cps at 20%
concentration in water at 25 C. For exanp

For efampleda pipfered maycmﬁ@éake_dawtmwcp%m@as aBrogkfield
vn@E(?é?@f\hl’?éﬁjm%g?ﬁfﬂeﬁcﬁsﬁké ST RS Egn@éntéggpﬁg%a%@r@smg a

concentration I n water using

nsmbGdB gpidielat TZ2msbolutions pep aﬂnmtemﬂtaeoof 260D td al2O80 0L @00
bout 10, 000 s, wh |nthe sol i concentration i s
cmieraR i SoUE SonaRBIGRON it baes arb e B YRS RS e soldtion

_preferred mul ti-crosslinked cationic polyner solution

of the invention has a Brookfield viscosity when
measured at 25C and 20 % solids concentration in

ABASE £h0 Byl ShE bR, A0 bR RSB
hada Brobkfitsd eigoesityt whéh aeasardibsterbeCrand 120 %adoliiswei ght

of the solution. 20 The cationic base is chain
cengestiatien §t watessisinak aHmber ¢rspindiggt 12 rwq){w'cms per minute of

aBHiL RPOGH f oa%ﬂ&ﬁ‘bo' id é;?stéWhe'r%]n@l%‘gSﬁb% &Hcehir@tiot! Rd84sed on

agi tation Sui t dic inrtiator is a compoun
thehtatal eeightoé theesolatibrcal sites on the cationic base

pol ymer
The cationic base polymer is chain extended or crosslinked by treating it with a
suitable radical initiator in aqueous solution under agitation. A suitable radical
initiator is a compound that can create radical sites on the cationic base polymer
and help to overcome the positive electrostatic repulsion for combination of the
cationic base polymeric radicals. Examples of suitable radical initiators are
persulfate compounds such as potassium persulfate, sodium persuifate,
ammonium persulfate, and the like. Other suitable radical initiators may include
salts or derivatives of percarbonic acid (such as isopropyl percarbonate) and
salts or derivatives of perphosphonic acid. The above mentioned radical
initiators may be used alone or in combination with various reducing agents to

form redox initiator systems. Other polymerization initiators not mentioned
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and help to overcone the positive electrostatic
repul sion for conbination of the 25 cationic base

w@oingers8z radi cal s. Exanpl es of suitabl e radi BEI/EP2004/004544

initiators are persulfate conpounds such as potassium
persul fate, sodium persul fate, anmonium persulfate,
and the like. OQther suitable éadi cal initiators may
include salts or derivati veg of percarbonic acid

ch i SO [C a alts or
9ep Pt Kot B DRRIBRAUEAR IS ey e banispe Thet oned
dr@é%hﬁﬁih? 3@a¢tf6nturﬂ$éi‘rs§ut§ﬁé rESctibPechrRitRng. Phe 'nﬁbst preferred
nbi nation with various reducing agents to form

redigalinitiatars fergrrosslinkingsthe catienic pere pehimersiase ammonium

st SRR et AT plBsgl bR in view prthe
Cs‘mé“hb'dg'eﬁ'ﬁ'mwwatmlwlmv and the ddchmposition temperature.

crosslinking reaction under suitable reaction
conditions. The nost preferred radical initiators for

THOSRldaNitlEort I8 2isedlih BRIendt Parifthy FORBalBéR (POPRNABGL 50%,
persul fate, sodi um persul fate and potassi um persul fate

nrﬂfevaléyvfr@m alpeut®).2 ta38%4 and averemore Peaierablyfgrarabout 1 to 5%

bjﬂké 165%06&9 Hehx?at%‘ﬁ %%%Sbélgﬂﬁr TR %&%nd%%rm

TNt a 'S use amount ranging
cmmmnhklag@éad:tmrmmube 56fed qutaf aqmmys rhedimmabointth@.sﬁma)

0% and even, nore prefer m abo | to b
BRT MBUBY (o PSR Gsishd 86 D3R farprefad 11 base
;fdlsﬁhé\- %b@ﬂé‘édﬁﬁkmg réActidrose b tsamdrcmm ia@@e&?d%b@mm ata
carried out in aqueous nediumor in_the sane reaction

rrbtrpomakiat d. to ahaubd 2i prefareblyritans Aoy agd @ ademgperature from
aionP 26 kg Qb&t}tel ddbaée pré?@ a‘f) rom 8°f(ﬁ)9@| withdu %Sp’nﬁﬁ‘éﬁh&ﬂg
can om

e carr out ous medi um at a
agentd. 1 to about 12, preferably from4 to 7 and at a
tenperature from about 20 to about 100C, preferably
from70 to 100C wi thout using reducing 15 agents. The

T ddlitis COReEmt 4tRini bk M&ﬁemltu@%adu@ntrh@muﬁamcbrqa
medi um rlor to reacti on can

BoCtioRan brody Welsht Heaam % 1oAOLE 70t PIGTatIfrom T0% o 40%
?Pé ngﬂgr&&? ggﬂ)ﬂéFe gn%?g%gf’ag)?%ﬁf)@%de’ td 5(?”73"f810aﬁ %Fﬁﬂ)s{?)n or
cbspe(relnn basée glolysnen: Alllpesezht eveigiite are)ba‘sedremthmtotal medium,

r ef er abl

s&ﬁ.gg_;)nc gmubsigrlg loﬁgﬁggﬁjgsﬁond I\ﬁ’c?s? prefgrably éj se cationic E{olymer
solution is diluted to a solids content of less than 30 percent by weight prior to
the start of step (ii).

The required initiator may be added all together in the reactor at reaction
temperature to crosslink the base polymer. However, addition of large amount
of the initiator may cause undesirable formation of water-insoluble gels. The
additional free radical initiator is added in incremental amounts over a defined
period of time. For better control of molecular weight or viscosity advancement,
the initiator can be added in small increments or at a modest continuous rate.

The reaction is allowed to proceed after each incremental addition (note: the



10

15

20

25

solution is diluted to a solids content of |ess than
30 percent by weight prior to the start of step (ii).

wQ@oFheissequi red initiator may be added all t OPETI/BR2004/004544

the reactor at reaction tenperature to crosslink the
base pol yner. However, addition of |arge anount of
the initiator nmay cause unde irable formation of

wat er -i nsol ubl e gels. The [ ti onal free radical
initiator is added in |ncremsnt ts over a

INGLPNRRIS Cahe Bradersufiigientyrgpalhio eepe%rﬁz@ cgntiggous addition) of
tﬁ@inﬂ@ﬂérﬂintﬂ\’ﬁ#&iﬁbré}c{gg\ﬁh Wﬁb&dﬁl@%ﬁqéﬁel otf Iftthé deswed

initiator can N sSma i Acrenents or
predtiss viseogity hafonet yeibeen rasshedeanethen lncsemEhbm@edutuat@r will be

f@égﬁ-ﬁﬁ%@?ﬁfﬁaﬁ?ﬁﬁ%ﬁ@ iST%&?f%{e%E rf&%?éﬁ e

addition) of the initiator until the increase in the
viscosity begins to level off. If the desired product

TheSfFefeiier Wtd‘t%ntb(ﬁih@&%@sl rﬂk\f/}ﬁe\%@ctlé‘@@ &orﬁtﬁ%ﬁg@%edmg

of initiator wll n the desired product

the wdipdonat g @t%léhdétf@cﬂ vnscwty adyaneemeshobthesepelicn medium
cah ‘Bgz(?altsni n{cﬁﬁﬁéd) Frhe é‘r’ﬁmgrgg & tﬁg%li’@%r & (ﬁég%ﬁhﬁg\gtllﬁﬁgases

Cros NKI ng reaction contil nuous
withi deceg¢amingafecal abd of ihedhitiatioatA siosmmﬁiatqr fadd anteayiveay high

e reaction. di m ca he ea nDnltored The
eliifariy ah e BHtReleler FraeUho Sy 2lseoberHnioasy chblesles
vikGodtty &t rHeCaRs w&gﬁt%ﬁ}aﬁ@érﬁeﬂf ThBerod¥lihkiah %acﬂ%rﬁééﬁ’\be
initiator feed rate gives high efficiency of the

terminatad @Nce G desigdMisoasitngr ﬁmbﬁcalﬂ%deﬁ?jgb’fle@@blee@d)by stopping
tf%i’ﬁftfa%r fQFd aﬁﬂsc%gﬁh%ﬁ}eolreag%r?%eaé ffedd m i ﬁlﬂg"éwcaef@m

ross ion can be once a
sthppingettievnitiatos rfde@d srsmal it awlow invEtghfieed Fatecibivzed dThy

BB g 4B B PS5 o

10% ol @09@5%69%@@%% 0.2%a09. @m %naﬁd &té)ﬁqofsfesféférab@/ from
is used he initi'ator can be he aqueous

0% te @{Qo&%tﬂ@é npiayte hoveight braseobom apb/mermld%% to
0. 0005% preferably fromO0.2%to 0.001 % and the nost
preferably from 0.05%to 0.002 % per m nute by wei ght
Tbamdchnephﬂzryamrofsmda cosslirding teactiva dg nulmﬁmﬂcaﬂy khowhe

H%(N%%/%r '|tn|ls(,'llﬂglyrtﬁgtcftréeopa lcs’alsngrte Iﬁ&‘%‘l%é ! I%%e case% using
persulfate initiator, the crosslinking mechanism may be illustrated by the

following scheme.

H—P" + -§,04 + *—H ——» H—P* 5,05 P—H
—> H-P"80; 80; P~H — SO; p- -P*SO; , ot
—— PP s00 ¢ ow

The persulfate di-anion brings two cationic base polymer (H-P*) together

through ionic bonding. The homolytic decomposition of persulfate produces two
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However, it is likely that free radicals are involved.
In the case of using persulfate initiator, the

we@e@gdahiseki ng mechani smnmay be illustrated by PGEEP2004/004544

foll owi ng schene. H P+ + -S208 + +P-H H P+ _S2C8 +P-H
H P+ -504 504 P-H --~ S044P" P+ $04 + 2H+ 4'-P+ +
2504 + 2 H+ 25 The persulfat% -ani on brings two
cationic base polynmer (H P+)"together through ionic

bondi n The henvol ytic de t
aﬁmﬁ%ﬂf@ t iRdicqts ﬂaﬁyw;bftmt%g/ e %3@4[%%452%68&?01ymer

the% Ere?%% b yﬁ%rqa&éa&h@r@s@hﬁmhg% aﬁa&é@ %ﬂﬂ/ @ﬁ@rﬁrﬁwo

romth chains to create po y
poa/mmaaélcal@rmmma kTh@p@lym@f fastieald farmed, mm fingling sach

|
BRSPS A, S SRR T s
didépﬁ@écgﬁ%ﬁwnaﬂéﬁrmrﬁtb?r Thy besuifote dionioss éielgﬂo h’rlng together
i s i onat i on er ni
fof GRS URENGEIY GeI0DI PRI BGRIERS, W eiMGEalbe VR gty
n‘?é’éﬂpl k lﬂ%hQﬁﬁéﬂ%Céu@Q'o‘F HScatiRicCaleohHRE R asiBAYEhus,

ty neeting each other because of the cationic
pemttﬁate)nmttat@r@mvguaohighﬁﬁmencypf@? gigsslitking patiqnig pelymers.

R Sinfietbd uPh s ARt Ao 8RR RSB AR Bhic Whior agicats

wirich, hoealver, tricaasé of thel diffiealty aidoveatamintOeletirahrepulsion

eeFo o Eher b e e s 1RSSR Bdnetor. o

SRR A, ARSEBGAT FadicdIhigaehs &itH & hydBEER erddide > may have a

ferm nation. Moreover, radical initiators such

nhyady ligeer t@édemwﬁ\am@erﬁdﬁﬂé‘e to indye chalgﬁéa‘nsf@niﬁ@ﬁ@«}atlon

F%ggﬁhg? f)ﬁ%ﬂ tngistg)g ﬂa@%%ﬁ&tu tg)%%g | 3&5‘%; r‘éég %%rﬁgﬁé'refé in
Oi’d)és‘ﬁnhhgyﬂae prasent mvihtors ds siot imkénthto Hen bm[teda:t@ any

%gntors do not intend to be limted to any
aKing e AR RFRGSFHr oposed. I n the above- proposed

crossllnklng schene, every persulfate nolecul e
abstracts 2 hydrogen atons to create two polyner
In st above-poIPosed SEISSHRKing scherae, every persulfate molecule

abstracts 2 hydrogen atoms to create two polymer radicals for crosslinking. The
two abstracted hydrogen atoms are oxidized to two protons. Thus, the reaction
pH will drift down if no base is added to neutralize them. The decrease in pH is
indeed observed with addition of persulfate initiator during the crosslinking
reaction. The above-proposed mechanism is also supported by the
experimental fact that a feed molar ratio of NaOH and ammonium persulfate of
around 2.0 is optimal to achieve high crosslinking efficiency and keep reaction

pH relatively constant.

In order to keep the crosslinking reaction at a desired pH during the course of
the initiator feed, a base may be added to keep the pH from drifting downward.
Examples of suitable bases that can be used alone or in combination for pH
control include NaOH, KOH, NH4OH, Na>COQgs, and the like. The preferred base
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20 two abstracted hydrogen atons are oxidized to two
protons. Thus, the reaction pHwIlIl drift dow if no

whawae/10s8added to neutralize them The decr easECT/EPIbI/004544

is indeed observed with addition of persulfate
initiator during the crosslinking reaction. The
above- proposed nechanismis 3550 supported by the
experinmental fact that a feed”nolar ratio of NaCH and

| fat f 25 around 2.0 is optimnal
fa(%eq}i Mo Slg NsaTs Tha h@segﬁnu'ee édged b?fdzonaé@%ou%f&@mr@ﬁmth
tﬁé‘ﬁl@é’té? féé%l' at LOERE 3Ab: Tt'lé‘f dd8fio E‘P tﬂ%ﬁﬁé)sé ﬁ)ether?ersulfate by

crosslinking reaction at a eS|re durin

reelgs sandre fremd for, threfiesably e 1 &o Ba@@d tfw/mbet m@ﬁm‘dbl[ycfrom
d

58P BRI LRIV o A0y P B e

desirbd nalueoAsfppeviptklg dmndicatbd | thelcnoksliNkiOY, re¥&dn dddEdcarried

I ' . b
O GRS Bk O Gieh ADOUT T RoR il HovsYeF Biis
ﬁ'vrwéft A cartlt®) AASS agaBolRkemB3ERAe abY p w&ﬁﬂm%uf@%@vng

he initiator feed at a flxed ratio. The f
ratio of the base to the persulfate by noles can be

3 I
e Be i Cips Qi @2plon baMetpgith o HiRRER o
cmdfteﬁlemﬂdmseesudhms INEDHEWS?& gd@@drl] tol\thbfreal&od Eatdne@tically
ndi e e crosslin
hugF tah Lo TEE mhendier§ie reréi?ﬂaa@éﬁeé’ BN P 2idesirph
wafud.rom about 1 to about 12. However is preferably

carried out in aqueous nediumat a pH of from about 4
to 7. The pH of the crosslinking reacti on can al so be

Fﬂ@é&l 4 bgl ) eggrg o qﬁ&smk&f B¥ b8 %u%t ﬁ&dssu&ny Fhen

can to the reac |ca
retldaalgthADNb‘\Cp chmmuero‘s reducetian euﬁrcndﬂug |0\e detal R IT rmhlnaxnmum

Sl aryRet BB Ry e tResi s ey srepoams ne
pbﬁym@%dm@htra%&%\éémw&rdsgnﬁ@@%@ubﬁ wér@f&é eimé y

| ow | evel s. The maxi mum resid mononer | evel

desirabletthat the gabipnigiiasg pobnesde @uba@pbaibfquimﬁﬁéed and

BELIPIecS MAERY MBSy HOTBLE B, and most
peaferabhy esbdkan p&d yreweight of tHeshase pallingr poliderefoveser,vade
polymers containing more than the desired amount of residual monomers can
still be crosslinked by the methods disclosed in the present invention. In such
cases, the radical initiator added in the crosslinking reaction is initially used for
reduction of residual monomer. Once the residual monomer is reduced to
sufficiently low levels, the base polymer will begin crosslinking with the

confinuation of initiator addition.

The chain-extension or crosslinking reaction is preferably carried out under
agitation. Adequate agitation can prevent formation of gel particles. Suitable
agitation should not cause enough shear to result in significant polymer chain

scission.



10

15

20

contains | ess than 10%resi dual nononer, preferably

| ess than 3% and nost 20 preferably less than 1 % by
woweioght18ef t he base pol ynmer solids. However, bDBSEEP2004/004544

pol yners contai ning nore than the desired anmount of

resi dual nononmers can still be crosslinked by the

nmet hods di scl osed in the pre ent invention. In such

cases, the radical initiator“added in the crosslinking

reaction is initially used for reduction of residua

nmononer. Once the residual nonomer is reduced to 25
Tﬁé‘%éﬁfi@%ﬁ*%d'irﬂ%t%%ﬁ%@inv‘éﬁﬂo@ﬁ?@ill@@ﬂré‘t@_ﬁrby%b'folhﬁ@h@

crosslinking wth the continuation of initiator
exdldples ofhesthexarhplies aex illestsatie drthisripeentioma@nsyneldaiendsd to

i referably carried out under agitation. Adequate
b%g?ﬁﬂl'on can prevent formation of gel particles.

Suitable 30 agitation should not cause enough shear

to result in significant | ymer chain scission. WO
The sumbelseelowcEr? Hsod i NsURKAAING RERSK peci | ¢

0d| ; kSl Nvention are illustrated by the
Af’(ﬁjfghﬁ&ﬁlﬁn%e& ke

oW ng exanples. These exanples are illustrative
BYf= Bhoakfiell eincosity, apgl not intended to be limiting. 5

DTEEe_idYa!'bl EI S bel ow are used in the foll ow ng exanpl es:

Mim persul fate BV = Brookfield viscosity,
FARB= fhAfazndhedudtoniunts 10 FAU = fornmazi ne attenuation
units GPC = gel r[i)er m%ati on chromat ography HC =
GRfggiae PeBneation chromatogiaPisi ¢ vi scosity (measured in

HEVL isObdtaqy . dL/ g at 30C. Mw = wei ght average
nol I(ljlg{%gz!\r V\%Hl ght (by GPC using PEO standard), g/nole
L5 iMninsicrvisdusity dnenagredrin 1 bt Rt soletigny dLgat@Cusi ng

I\EME%@&SHP g\;gr)age %agcl:uﬁar vbgibjht: (b'ﬁ?ﬁ&' LPS'FI:% ﬁ’iE%) ét‘éhBéFH)t d/mole
Mn = number average molecular weight (by GPC using PEO standard), g/mole
NTU = Nephelometric turbidity units

NaPS = sodium persulfate

PS = polymer solids, wt%

RM = residual monomer (of DADMAC), wt%

MBS = sodium metabisufite

CCD = cationic charge demand, meq/L;

TR = turbidity reduction;
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NaPS = sodi um persul fate
nononer

r esi dual

turbidity

WD 2004/

PS = pol yner solids,
(of DADVAC),

wt %

101882

wt % RM

20 MBS = sodi um
woreaoahiseii te CCD = cationi c charge demand, neRgCI/EP20042004544
reducti on;

PCT/ EP2004/ 004544 20 EXAMPLES Preparation of high MV
crossli nked pol yDADVMAC Tabl g

crossl i nked pol yDADVAC pol y

SRS

Properties of APS

S prepared in
1 and 2 Polynmer # Exanple # PS used for
Brookfi el d Theoretic

5

crosslink Solids

Pl’épsé}gﬁd%% )é/g %@Eé\/ﬂ? %&Egrr&%d pb%lﬁ&bi\/l%@ density, nmeg/g 1

11

20% 4500 6.2 3 2 0.4 20%

- ﬁﬁas@ﬁg%@%%é@ﬁ@ TP RAUR BT Hlpfedi

Tt 1 on nal v rednal Las Avinag

A0 theE@'lBQ[éﬁ)e AR P?e‘tﬁ%' 0 e ‘Brggléfbelgs t hgheoretic

cat| oni ¢ bade pol yner [of@ssliBRaj n[Solds ensi pfisensity, cps fal charge
cross-linking in thisM%eglids. Brookfiel ¢ viscosity [dgnsity,
measure using a #3 spindle at 12 RPM andl at 25 C. Ameq/g
1-liter readtor flitted wi I8 a nechad¥cal | agi t300r , 6.2
additpon Tunnel gnd condepger 15 pgychalged 4g0bh 6.2
AtTof BX”) 1T tg T army L9875 gr 3%, Nel DALNBE 6.2
4 2 1.4 20% 4880 6.2
5 2 1.6 20% 6420 6.2
6 2 1.7 20% 6800 6.2

Example 1

An Alcofix® 111 aqueous solution polyDADMAC, commercially available from

the Ciba Specialty Chemicals, is used as the cationic base polymer for chain

extension or cross-linking in this example. Brookfield viscosity is measure using
a #3 spindle at 12 RPM and at 25 °C.

A 1-liter reactor fitted with a mechanical agitator, addition funnel and condenser
is charged with Alcofix® 111 to contain 198.5 grams net DADMAC

homopolymer. Polymer concentration is adjusted to 30% with deionized water.

The reactor content is adjusted with NaOH solution to a pH of 6.9 and then
heated to 100°C with agitation and nitrogen purge. At 100°C, 25.0 g of 10%

APS solution is fed to the reactor over 170 minutes to prepare Polymer 1, and

additional 8.7 g of 10% APS is fed over 90 minutes to prepare Polymer 2.

During the APS feeds, a 25% NaOH solution is co-fed to the reactor at a rate to
give a NaOH/APS feed molar ratio of 2.0. Total APS used is 1.3 % based on
polymer solids for Polymer 1 and 1.7% for Polymer 2. After the APS/NaOH co-

feeds, the reactor content is held at 100°C for 10 minutes and then cooled down

to room temperature. The reactor content is adjusted with deionized water to

give 20% polymer solids. A product free from water-insoluble gel is obtained
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honopol ynmer. Pol ynmer concentration is adjusted to 30%

Wi th deionized water. The reactor content is adjusted
wowaoh/1Ns€H solution to a pH of 6.9 and then hReI/BR2000004544

100C with agitation and nitrogen purge. At 100C, 25.0

g of 10% APS solution is fed to the reactor over 170

mnutes to prepare Polymer and 20 additional 8.7 ¢
of 10% APS is fed over 90 m%?Jt es to prepare Pol ymer
During.the APS feeds OH solution is

V\%l EProReIing ShawBin 2 Trh&t %Vtaé 20 slidg ingreppagpapbout 1.4
tlfnﬁ,%dfoFP"o%méraF ?ﬁd 9fg fnbs foT*qi ¥méP§ a‘ﬂ%leﬂ]?é/é’r}a]m Bxténapmed

ids for Polyne and 1 oI ymer
rQactm er the APS/ NaCH co- feeds, the reactor content
is held at 100C for 10 ninutes and then cool ed down 25
to roomtenperature. The reactor content is adjusted
Bajafplel@i oni zed water to gi ve 20% pol ynmer solids. A

AT 6365 SrippEbaah A SHERser Sh T ATGT, B upten iBlet, and
aﬁf‘&)@ﬂhééu ;@Ipatsr é chsrbeeo&Mt%O@@ 8g59f 6615 mé‘ﬁérﬁéﬁsﬁmﬁﬂ@t 55.5

tinmes times Pol yner

gadftctaiommd mé&na@ﬁ éﬁglleNer$%rE&:€N@;EDT&\)EIbm@IOBIHZerJXallon

rﬂ% u'ré f n%@%&m{h rﬁﬁggtgrg %ﬁjd Wpé{éda\g Q&i%?og\/tgﬁi‘tggaoerature of

7@%@ Ah@quesus ballugfenl gmmibfnn‘fg)e 038 oﬂamhcﬁﬁ%h;ﬁgﬁ@ﬂfﬁte (APS) is
e er an

SRl Gt RisTeaftay ovarAShpi iies, it egRtoRtsRRATatirg was

alﬂéﬁv@@% W\dr@aﬁé o e su9a dirvpthed mbihiikd 4880 R96°C during the
nPerature of 10 70C. An aqueous sol ution containing

Drepdoperingrbiiien thepbPSieedttae ragtion pixtre dswijuted avitho
d%?b‘“‘mieﬁa\ﬁ/&%rr }‘aBButﬁ{o?/é gged‘s‘[ Eﬁd g@:atggglg&;fgf;&%&%%‘ﬂé§
Tmnnraraaqlmbmtsoﬂiﬂudncncﬁmsﬁrudgr4 (mg dfiéBS AP&dfied dvere2s nihutes.

After the AP th dj | ut ed
TherReclbRid el S S gt TRyl e Biieel g a
p%%ériﬂaﬂ@h%ﬁo@%%%@érs@ﬁ fﬁ@ao@m@%ﬁ%ﬁ |§ @Ilmbuth

containing 4.0 of MBS is_added over 25 ninutes.
spEigians water ﬂ@eﬂ@ué%%o@“ﬂér Tlédﬁ orecuct as@ 2RiCeyseasity at 20%
sﬁ:ﬁ@@%@%@o&t[ﬁ%ggfbﬂsyégﬁﬁé 6@%&1 %Q @B%Y«frhé’ B4L.& BB 18 ehain
extension to prepare Polymers 3 to 6 by the procedure shown below. A viscosity

of 2500 corresponds to a molecular weight of approximately 600,000.

754 g of the above reactor content is heated to 100°C. Then, 12.0 g of a 10%
APS solution is fed to the reactor over 60 minutes to prepare Polymer 3; 41.9 g
of a 10% APS solution is fed to the reactor over 300 minutes to prepare
Polymer 4; 47.9 g of a 10% APS solution is fed to the reactor over 345 minutes
to prepare Polymer 5; 60.0 g of a 10% APS solution is feed to the reactor over
365 minutes to prepare Polymer 6; During the APS feeding, a 25% NaOH
solution is added to maintain the reaction pH at about 5. The reactor content is
held at 100°C with agitation for about 10 minutes. Deionized water is then
added to dilute the polymer solids to 20.0% and the reactor content is cooled
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15

sufficient water to about 25% solids. This product has
a 25C viscosity at 20% solids of about 2500 cps and
WO 3ouaessns the cationic base polymer for chai PCRBP2004/004544
extension to prepare Polyners 3 to 6 by the procedure
shown bel ow. A viscosity of 2500 corresponds to a
nmol ecul ar wei ght of appr oxi %el y 600, 000. 754 g of
the above react or content [ eated to 100C. Then,
of a 10% lution is fed to the reactor
dewerto 6001 tRIRSsAtHIES: 2&% @eprRRIYMST salytion grodust |5 objained
%@P%ﬁé}h% 5w T fg@[etp the reactor over 300
mnutg to prepare Polyner 4; 47.9 g of a 10% APS
solution is fed to the reactor over 345 minutes to
I . 5; 60.0 g of a 10% APS solution is
P%ggﬁﬁ%ﬁcgﬁgéﬂﬁgg% or over 365 mnutes to prepare
Coohryemial produuts igtet! e TABRIS X werk algo used HviHa&¥hluation for
solution is added to naintain the reaction pH at about
C8MPRHEOR-cact or content is 30 held at 100C with
agitation for about 10 m nutes. Deionized water is
then added to dilute the polyner solids to 20.0% and

Tafl ?E%Br{ex&@ﬂﬁ@%q@s%@%re@orxﬁ%n?%ifl}101882 .
geI free cl polp)(?ﬁ@ §tSFP t| ﬁ%@ﬂctgg |6 :

;ﬂi@ nties shown in
JF\/alPr 5 (‘rmmn:\rmar produ tc 1 qipr

vere al so used |in DADMOG uat | on4d%  ¢o
TabPdcafix 16mer ci lomppalyners lised for ¢o

Pol yner type 3|Pol \DADMACBr ookfi dDtl Theoreti cal
ConARrbiik 26950l i| dshdinepelyiviey, Charge plodseds cps 6.2
density, neg/ g | DADWKpHGAY 1Al cof bgo, 169 | hono of ner
gggg‘pgﬁg J‘JIQADWC A PbIGRId-x P69 homo of &0 3000 6.8
DADMAC 20%
Alcofix 111 homopolymer 2500 6.2
DADMAC 100%
Alcofix 131 homopolymer beads 6.2
DADMAC 100%
Alcofix 132 homopolymer beads 6.2
DADMAC/acrylamid|  35%
WT3300 e copolymer 11,400
Alcofix 159 polyepiamine 50% 750 7.2
Alcofix 160 polyepiamine 50% 6000 7.2

*Alcofix ® is a tradename of Ciba Specialty Chemical Corporation.

2. Brookfield viscosity is measured at spindle # 3 at 12 RPM and at 25 °C and at
a 20% solids concentration. Above 10,000 cps, the Brookfield viscosity uses
spindle # 4 at 30 or 12 RPM.

3. % solids is based on the total weight of the solution.

Pitch and stickies deposit control performance of the crosslinked polyDADMAC
A vacuum drainage filtrate turbidity test was used to demonstrate the

performance of the polymer and its ability to fix pitch, stickies and other
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Al cofix 110 honmo of nmer 1500 6.2 DADVMAC 20% Al cofi x

111 hono of ner 2500 6.2 DADMAC 100% Al cofix 131 hono
wobomaoisgeads 6.2 DADVMAC 100% Al cofi x 132 honPCDEP2084/004544

beads 6.2 DADVAC/ acryl am d 35% W3300 e copol yner

11,400 Al cofix 159 of a iamne 50% 750 7.2 Al cofix

160 of a iam ne 50% 6000 7. 10 *Alcofix (r) is a

tradenane of Ci ba Specialty em cal Corporation. 2.

Brookfield viscosity is _neasured at spindle # 3 at 12
crptMpRNtaonigstite g thereforegontrob pnd prevsing disefqnbzminants
e LRl B et G REE obeRRSls shoum
below. he total weight of the solution. Pitch and

stickies deposit control performance of the

crosslinked pol yDADMAC A vacuum drai nage filtrate

it Abfbhtdi%/rrﬂ_eéf]ga msah %Sbladsistené@lmméﬁ 'sg_ﬁleamed int]?_a baffled Britt
. performance of the r and its abjlit o fi
j35i Adeguaieindikingds Rryldadgih Pt GaigAdftate’at 1600 rpm.

PCT/ EP2004/ 004544 23 contam nants onto fibre and

therefore control and prevent these contam nants from
2ddpestaguiradcamowt pfapelymeskis rafidetihte ther agitatgdthipk stock and

BFEEReFEr IR 25 oh 7 measured into a baffled

Britt jar. Adequate mixing is provided with a | KA

nm_xer set to agitate at_1000 m 2. The required
Sakbaecd BaTas sahaualerershiiangyyhaan e diies pegr (11
cANGianltd0WBskskQ rBichtib® ford dHidlEE 820-25 microns) under vacuum.

4. Vacuum filtration continues until the “wet line” just disappears or

approximately 200 mLs of filtrate is collected.
5.Turbidity of the filtrate is measured with a suitable turbidimeter .

6. Cationic charge demand (CCD) of the filtrate is determined by colloidal

titration.
Dosage used is weight in pounds of active polymer per ton of pulp solids.

The lower the filtrate turbidity, the greater is the pitch and stickies control of the

treatment employed and therefore the better performance of the polymer used.
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10 3. The treated thick stock is then filtered through
a Whatman 541 filter paper (11 cmdianeter, coarse -
WO ea0enoisen f or

4. Vacuumfiltration continues until the "wet |ine"
just disappears or 15 approximately 200 nis of _
filtrate is collected. 5.Turgi dity of the filtrate is
measured with a suitable turBbffdineter. 6. Cationic
har ge . demand (CCD) of the filtrate is determ ned by
%ﬁm‘%?tﬁa 20 titration. Dosage used is wei lgh;I inTh
i p solids. e
\f]g\%g?}ﬁ? ﬁgoﬁ?ltfgghgﬂ?gﬁ?%ﬁ@?é’? nggr@ er is the pitch
and stickies control of the 25 treatnent enployed and

%mg e the better performance of the pol ynmer used.
%r 4/101882 PCT/ EP2004/ 004544 24 Exanple 3

particles > 20-25 m crons) undePCU/BRLOHD04544

Whod pitch control for therno-nechanical pulp (TWP)
Exanmpl BviIB/8.5% lddnsiktariéyconsi stigpmy T@rﬁﬁaﬂyﬁ&{jﬂkj?u y, 837
NFidsoR8SBien, [P/ TO0 O.F B8 123 6 49 Trmprdll
Q’L)J _’T(élcT)C J.:J.”Lﬂj:j 200 %&aﬁ 7 lAr;)T)[l:uEr i =rn
13378 E62—Fe6 VAL 2456222 182- 08 1 E Ex e 3B
- rvNSOfSE b onsh 5103y |0P3BI = 1985] NITR Wr3g® Al cof i x
mes(lyne |Pol4A% Rol $348 Roll¥de| Poi8yne  S@np| e 0
111Pelyher2 r3 r4 456 r 6 2P% \fi 4dBsi t 98 62
Example 3B
TMP 3.15% consistency (blank = 785 NTU)
WT330 | Alcofix |Polyme| Polyme Polyme|Polyme|Polyme Polyme
Sample 0 111 r1i r2 r3 r4 r5 reé
20%
Viscosity,
cps 500 2500 3400 14500 (3150 14880 |6420 [7620
Dosage
Ib/Ton Filtrate turbidity, NTU
0.4 668 628 699 712 607 600 646 559
0.8 488 449 361 356 475 435 336 359
1.2 296 240 244 240 230 182 186 219
1.6 188 210 141 151 137 169 129 153
2 171 143 181 137 80 112 108 120
Average
NTU 362.2 334 325.2 [319.2 |305.8 [299.6 |281 282
Improve
over Alcofix
111, % 8% 0% 3% 4% 8% 10% [16% [16%
Example 4

Stickies control for Recycled Deinked Pulps (DIP)

Filtrate turbidity (FT) and filtrate cationic charge demand (CCD) were measured

to evaluate performance of the polymers. Lower FT and CCD indicate better

performance for stickies deposit control.




cps 500 2500 3400 4500 3150 4880 6420 7620 Dosage
| b/ Ton Filtrate turbidity, NTU 0.4 668 628 699 712 607
wWGD464B8559 0.8 488 449 361 356 475 435 336 BSPEPNL004544
296 240 244 240 230 182 186 219 1.6 188 210 141 151
137 169 129 153 2 171 143 181 137 80 112 108 120
Average NTU 362.2 334 325.2,319.2 305.8 299.6 281 282
| mprove over Alcofix 111, %2>8% 0% 3% 4% 8% 10% 16%
16% 10 Exanple 4 Stickies control for Recycled
Dei nked Pulps (DIP) Filtrate turbidity (FT) and
Ef%%t(?azfﬁe cationic charge demand (CCD) were neasured
fYBFalVat e performance of the polynmers. Lower FT and
TRIEWdrk tiasatrelcoeker usihf rpeyitied mavsprinbthicksteal eallected after
deposit control. WO 2004/101882 PCT/ EP2004/ 004544 25
thﬁx%ﬁ'ﬁﬂ@ PEPSThi s work was undertaken using recyl cl ed
5  COPNSPEAtidhid Hidkks teatanaphleed; er afitterte turbiityecond
press. 5 CCD = cationic charge demand, neqg/L; FT

ol

filtrate turbidity; dosage _ Product kg/ton 1 2 51
Aver age tur bi|didogagal cof i x 160 Nﬁ'U 22D 108 50 31
104.F0du€CD, e k@/ten 72 8.160|3.97| 7.%3] 10  |Average
turbidity,
Alcofix 160 NTU 229 | 108 | 50 31 104.50
CCD, meq/L| 9.72 | 8.60 | 3.97 7.43
Alcofix 111 turbidity | 236 | 79 | 42 23 95.00
CCD, meg/L| 10.13 | 8.01 | 4.10 7.41
Polymer 2 turbidity 204 | 64 37 30 83.75
CCD, meqg/L| 9.61 | 8.10 | 3.70 7.14

Example 4B
10  Fixatives evaluation on recycled deinked pulp

Dosage, kg/t
0 [01]02]04 0.8
Product filtrate turbidity, NTU  |Average NTU*
Alcofix159 761 [184[135| 73 | 47 110
Alcofix160 761 [193[136]| 70 | 46 111
Alcofix 169 761 12211190| 143 | 63 154
Alcofix 110 761 [230[198| 79 | 55 141
WT3300 761 [209]147] 79 | 55 123
Alcofix 111 761 [193|111] 68 | 43 104
Alcofix 132 761 |221|185| 84 | 28 130
Alcofix 131 761 [221[180| 45 | 39 121
Polymer 2 761 [184|104| 76 | 47 103

*excluding NTU for blank (0 dosage)

15



Al cofix 111 turbidity 236 79 42 23 95.00 CCD, ne /L

10.13 8.01 4.10 7.41 Polyner 2 turbidity 204 64 37 30
wW@30045018€CD, nmeqg/L 9.61 8.10 3.70 7.14 Exanpl BCHBPZ04/004544

Fi xatives eval uation on recycl ed dei nked pul p Dosage,

k /t 00.10.20.4 0.8 Product filtrate turbidit , NTU

Average NTU* Al cofi x159 76 84 135 73 47 110

Al cofi x160 761 193 136 70 4 11 Alcofix 169 761 221

190 143 63 154 Al cofix 110 761 23;1111 79 55 141

4861 2079 55 123 Alcofix 111 761 1968 43 104

P%H%%%%?é%ﬁ'@%%ﬁl s dinh s oA C i 1P R amish
FHtrat@ldu(mdltm%@@)t differgwt deges 01 8D AT/ Ibpoen/ 004544

26 Exanple 4C Perfornance eval uation of crosslinked

pol yDADMAC on DI P 3. 5®Wdsays) kditonFi | tratle turbidity FAU
at different dosaggs df PPADVAE fol ygrer |Dosage, kg/ton
Z 4 RquEl oduct FIFifrafequftidif), ¢y, F U W 3300 139
6844300 139 [ 68 | 47 | 44
Alcofix 111 95 65 45 41
Polymer 2 128 57 47 40
Polymer 3 148 54 47 41
Polymer 4 159 65 49 43
Polymer 5 157 73 48 41
Polymer 6 115 68 39 34
5
Example 4D
Filtrate cationic charge demand (CCD) at different dosages of DADMAC
polymer
dosage, kg/ton
2 | 4 | 6
Product CCD, meg/L
WT 3300 10.133 [3.889 [1.011
Alcofix 111 90.697 [3.567 [0.997
Polymer 2 10.367 4.019 11.100
Polymer 3 10.679 4.196 [1.123
Polymer 4 10.75 4.306 [1.136
Polymer 5 10.488 4.093 |0.967
Polymer 6 10.106 [3.894 |0.956
10

Example 5

White pitch control for recycled coated broke

Performance of the DADMAC polymers for white pitch control were evaluated
15  on different types of coated broke. The samples were tested on following three

types of broke

o 45# Pub Matte, a light-weight free sheet;
e 38# DPO, heavy weight groundwood containing.
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Al cofix 111 95 65 45 41 Polynmer 2 128 57 47 40

Pol ymer 3 148 54 47 41 Polyner 4 159 65 49 43
weoloyrersss 157 73 48 41 Polymer 6 115 68 39 3BCT/BP2004/004544

Exanple 4D Filtrate cationic charge demand (CCD) at

di fferent dosages of DADMAC polynmer dosage, kg/ton 2

4 6 Product CCD, neq/L T 3 10. 133 3.889 1.011

Al cofix 111 9.697 3.567 0.9 Pol ymer 2 10. 367 4.019

1.100_ Pol ynmer 3 10.679 4.196 1.123  Polynmer 4 10.75

4. 30674 #1330, beaynweight geoungyoed®estainiae7  pol ymer 6

10. 106 3.894 0.956 10 Exanple 5 Wiite pitch control

for recycl ed coated broke Perfornmance of the DADVAC

Fpo by o desdge ofpulyreepireaimand thedurbiditveofdba filiegte i megsigied.

different types of coated broke. The sanples were

tested on following three types of broke 45# Pub
mrﬁﬁefml i ght -wei ght free sheet; 38# DPO heavy

wei ght groundwood cont ai nj ng[. WO 2004/ 101882
4p¢HutPYetia, @ hahayeight free shee

Dosage Ib/ton
0 [0.4]0.8[1.0]1.2[1.6]2.0[2.4[3.0{3.2]4.0
Product Filtrate Turbidity, FAU

306|495 179118
Polymer 6 5794| 3

299 (825 246|200
Alcofix 110 5794| 5

201 322 248
Alcofix 269 5794 1 257
125 447
Alcofix 159 5794 8 316 169
Example 5B

70 # DPO, heavy weight groundwood containing

Dosage Ib/ton
0 |0.4[0.8[1.0[1.2[1.6]2.0[2.4[3.0[3.2]4.0
Product Filtrate Turbidity, FAU
Polymer 6 659|216 | 54 41| 37
Alcofix 110 659 [170| 87 58 | 46
Alcofix 269 659 157 130 97 108
Alcofix 159 659 110 87 72 57




27 70 # DPQO, heavy wei ght groundwood contai ning. For
each dosage of polyner treatnent, the turbidity of the
wo pdosnense2 i s nmeasured. 5 Exanpl e 5A 45# Pub MCT/EP2084/004544
i ght-weight free sheet Dosage Ib/ton 0 0.4 0.8 1.0
11.211.6 12.012.413.013.214.0 Product Filtrate Turbid
it , FAU 306 495 179 118 Pqlyyner 6 5794 3 299 825 246
200 Alcofix 110 5794 5 201322 248 Al cofix 269 5794
1 257 125 447 Al cofix 159 5794 8 316 169 Exanple 5B
Exanpledo, heavy wei ght groundwood contai ni ng Dosage

3%?93%;%%?%@&@%& dorfiaidiny 2.4 3.0 3.2 4.0

r

urbidity, FAU Polymer 6 659 216 54
41 37 A cofix 11p 659 170 87 58Dasage bdpPnx 269 65
157 130 97 108 Al cofi kx 04906591.010i.8371.62 257 |2.40 153V’O
2004/ 101882 PCT/ EP2@04{ 004%44 | 28 3.0i214.0
Product Filtrate Turbidity, FAU
10441510 1791342
Polymer 6 11432| 0O 8 2
11432|1136(519 217|184
Alcofix 110 8 2 2
11432 251 247 127
Alcofix 269 2 209
11432 685 228
Alcofix 159 6 6 319 123

It should be understood that the above description and examples are illustrative
of the invention, and are not intended to be limiting. Many variations and

modifications are possible without departing from the scope of this invention.
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Exanpl e 5C 38# DPO heavy wei ght groundwood contai ni ng
Dose a Ib/ton 0.4 0.8 1.0 1.2 .612 .0 2.4 3. 0 3.024.0
woe@doessFi | trate Turbidit , FAU 1044 510 179 BAREP2004/004544
Pol yner 6 11432 0 8 2 11432 1136 519 217 184 Al cofix
110 8 2 2 11432 251 247 127 A cofix 269 2 209 11432
685 228 Alcofix 159 6 6 319,123 It should be
understood t hat the above déScription and exanples are
illustrative 5 of the invention, and are not intended
Whet l‘s‘:eCI@'mﬁQ'ﬁng Many vari ations and nodi fications are
possi bl e without departing fromthe scope of this
i nvention. WO 2004/101882 PCT/ EP2004/ 004544 29 = \Mat
1i A nudtacdreficortroling pitereantbeticidescdnnasiani inpapetreakingdgwhich

es de i tion i
b s s P ot S RL PR Hem bk o eePfoymation a
meitE&losElReEat datidnR pdhyriwl, Whict psigiien keprepatadiny the method
pol ymer, which polyner is prepared by the nethod
C@Bﬁfﬁ'ﬂ@ ng: (i) polynerizing substantially all of the
nmonomer conponents by free radical initiation to form
a base cationic polyner solution, wherein at |east 10
one(l)opbolymerlzmg substantiahoalbef theiRoneaat SERPRNSRIR Sidree

poI nq%rl]ifg %@ﬁo@(fbtlr% ﬁcoo%gac%tubﬁ‘lg ptotﬁnga&ﬁut‘?cﬁ \@Yr&in at least

itional ree
one of the monomer components is a cationic monomer component;

and

(i) contacting the base cationic polymer solution with additional free
radical initiator to form interconnecting bonds between the base cationic
polymers to form the multi-crosslinked cationic polymer, wherein the muiti-
crosslinked cationic polymer has a higher molecular weight than the base

cationic polymer.

2. A method according to claim 1 wherein the cationic monomer is a

diallyldialkylammonium monomer.

3. A method according to claim 1 or claim 2 wherein the additional free radical
initiator used in step (ii) is selected from the group consisting of potassium
persulfate, sodium persulfate, ammonium persulfate, salts of percarbonic acid,

salts of perphosphonic acid and mixtures thereof.

4. A method according to any of claims 1 to 3 wherein the additional free radical
initiator used in step (i) consists of an effective amount of ammonium

persulfate.
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15 radical initiator to forminterconnecting bonds

bet ween the base cationic polyners to formthe
woreiotitedsnssl i nked cationi c pol ynmer, wherein tPET/RPI0D4/004544

crosslinked cationic polyner has a hi gher nol ecul ar

wei ght than the base cationic polyner. 20 2. A nethod

according to claim1l wherein.the cationic nononer is a

di al I yl di al kyl ammoni um nonorer. 3. A met hod accordi ng

toclaiml1l or claim2 wherein the add

: . E onal. fr e :
5rAadietaod acearding teranysd ¢laimsl o YNeyein <addiond Trgegadica
ingt%gn?r% 94Bed ﬂfﬁ\g:féeﬁwgrgcapémeeﬁ@%ﬁl'e\" B RFinB 8 pevbl & Eme.

um-pers anmoni um persul fate, salts of
percarbonic acid, salts of perphosphonic acid and

I Xtyres thereof,. 4. et h i: .
6 O FHROT apEoraTong, Al Pt TR oty SRS ol Badlainic polymer
shllfidh A @luteRAa isblidd edntéitiof lesanthiba 3% based of fiiee tatale
amount of ammoni um 30 persul f at e. ai\D @.04/ 101882
seiatiprEProDie) o o stepdd) Based] (Pﬁeﬁﬁ’oth S8 ng to any of
claine 1 to 4 wherein the additional free radical
initiator is added in increnental amounts over a

7d,fefrh1§thdd mecomihafo ¢laine5 whergin fie hege sationiapalymes selifion is
inms .| t ' o ioni :
oByedtS arooligs gonBrEariess el A st i (18| ftaP Sl prid o

s@feassdion the total solution prior to start of

step (ii) based on the total solution. 7. A nethod
according to claim5 wherein the base cationic polyner

s@l HLiah d ' in&0| tol3 vaenéiAnhe eiultiesssstihiesd
838%‘%@?@(?%%%%% %ﬂla%)pcslgipﬁﬂ on pri orI toe 1u0 lst arStI_ of
cati@pic polyynergornsedrirt stepl (idesraivaight sveragednolecaiamweidht o

7 wher ei i,-crosslinked cationic polymer
gf?ﬂtﬁre@apﬁobl’k@%&%)inﬁglehas a wei ght average nol ecul ar

wei ght greater than 700,000 g/nmole. 15 9. A nethod

according to claim@8 wherein the .ti-crosslhinked
G A eod BSPUAES (0 Pl Haroe Bs ThCPeRRR g ERgLc potymer
VS PGP (1B HsH waRhg Bberab8 MEEcllBANe PO gétler than 850,000

g/mole.

10. A method according to any of claims 1 to 9 wherein the multi-crosslinked
cationic polymer formed in step (i) has a Brookfield viscosity when measured
at 25°C and 20 % solids concentration in water of above 2000 cps, wherein the

solids concentration is based on the total weight of the solution.

11. A method according to claim 10 wherein the multi-crosslinked cationic
polymer formed in step (i) has a Brookfield viscosity when measured at 25°C
and 20 % solids concentration in water of about 2000 to about 10,000 cps,

wherein the solids concentration is based on the total weight of the solution.

12. A method according to claim 10 wherein the multi-crosslinked cationic

polymer has a Brookfield viscosity when measured measured at 25°C and 20 %
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g/ nole. 20 10. A nmethod according to any of clains 1
to 9 wherein the nulti-crosslinked cationic polymer

wo eoongais8n step (ii) has a Brookfield viscositBRCIARIN04/004544
measured at 25C and 20 % solids concentration in
wat er of above 2000 cps, wherein the solids
concentration is based on t total weight of the
solution. 25 11. A nethod actording to claim 10

salssageriaiomawaiensbata o0 o E ol R wtBre the
s@&dgﬁr{%ﬁg%@%&?is%a%%'d?ﬂhé QHEPREIGRt bPthe dbiwger  of

“to about 10,000 cps ,” wherein the solids
concentration is based on the total weight of the

oluti,pn, 30 12. t . di . i o .
13FA PR R0 r2otia C LIRS LI b Y ekl
aRinstifiinahenaiinee Rsieppesshtsd metetfordulaeasur ed at 25C and
20 % WO 2004/ 101882 PCT/ EP2004/ 004544 31 sol i ds

conc%m—rzati on in water of about 10,000 to about 20, 000
Hpsscwierein_the solids concentration is based on the
tot al we\i\g—the)f the solution. 13. A nethod according
He-20%-f xlainé 2 to 12 wherein the diallyldialkyl 5
gmon| moffger is represented by the formula: R i
H2 RpCECON-,R3 . H2ZCCCHB\RYR2 4 2 where Rl
and R2 are independently of one another hydrogen or
C-C alkyl; R3 and R4 are, independently of one

wiePd RGfand . dentipokphe ahBiHay Avarmy@hlarC-Cy alkyl;
carl (Eifgldkygét%ggg?)%(nyam goa?ke Iafh ﬁogyal kyIlﬁr r1ou‘EJa d
Raaanidrigs &rep mdependentyy @f@wc&g@rﬁ@ydwmﬂr arne"p‘”%ﬂsent s

SRS et SaboRra ey Ak dou It fidirom 1
td he carsurpatoansiastli ng of di al | yl di met hyl anmoni um
Y™ represents an anion.

14. A method according to claim 13 wherein the diallydialkylammonium
monomer is selected from the group consisting of diallyldimethylammonium
chloride, diallyldimethylammonium bromide, diallyldimethylammonium sulfate,
diallyldimethylammonium phosphate, dimethallyldimethylammonium chloride,
diethylallyldimethylammonium chloride, diallyldi(beta-hydroxyethyl) ammonium
chloride, diallyldi(beta-ethoxyethyl) ammonium chloride, diallyldiethylammonium

chloride and mixtures thereof.

15. A method according to claim 14 wherein at least 50% by weight of the
monomer, based on the weight of the entire monomer component or

components available for polymerization, is diallyldimethylammonium chloride.

16. A method according to any of claims 2 to 15 wherein the monomer
component further contains a copolymerizable monomer selected from the

group consisting of acrylamide, methacrylamide, N,N-dimethylacrylamide,



chloride, diallyldinmethylammoni um brom de,
di al | yl di met hyl anmoni um sul f at e,
walp@ihyiss: met hyl ammoni um phosphat e, PCT/EP2004/004544
di met hal | yl di met hyl anmoni um chl ori de,
di et hyl al | yl di met hyl anmoni um chl ori de,
di al | yl di (bet a- hydr oxyet hyl ),,amoni um chl ori de,
di al | yl di (bet a- et hoxyet hyl) 3gnm)nl um chl ori de,

di al |yl di et hyl ol ori d
TR BB, MEAG A A ST o T EVOUONaDE gt

a%@%‘f%tsﬁgrfé’nt Y e 'ﬂﬁetﬁécr?l%?e Vil a68tate BAG afixiared thereof.

tire nononmer conmponent or conponents
avallable for polynerization, is

ial lyldimethyl i :
12 c@?ﬁ‘ ﬁ]eﬁ@('ﬁ 8P %@%Q@f&“ﬂ ﬁm §Wh@?@1g t@% B%éer fﬁrrﬁ@ﬁ Egﬁtgwgr
tHeemaPARIchahical fdp. cont ai ns a copol yneri zabl e mononer
selected fromthe group consisting of acrylam de,

met hacryl am de, N, N-dinethyl acryl am de, WO 2004/101882
15’%’1?&%{%@ Bpééfléf clgifoPf td/h 7 whedifl thaphpaciuyhise castaths
vi nyl's oni ¢ acid, vinyl pyrrolidone, hydroxyethyl
reqyclgddapudp. styrene, methyl nethacryl ate, vinyl acetate
and m xtures thereof. 17. The nethod of any of clains
1 to 16 wherein the paper furnish contains 5 thernal
19EThaniathbd piibpy ofl@ainht tord8 hdwbreih thepapér tirsishsontains
17 wherein the paper furnish contains recycled pulp.
coatefProk®e et hod of any of clainms 1 to 18 wherein the
paper furnish contains coated broke. 20. The nethod
of any of clains | to 19 wherein the paper furnish
200hainmeathod ef areaf gains 11519 whergia themsar Brrnighpoptains
df% i(lasq to 20 wherein the paper furnish contains at

NS ) are selected fromthe group consiting of
t her nal nechanical pul p, recycled pulp, deinked pulp
and coat

21. The metﬁ d of ahy of claims 1 to 20 wherein the paper furnish contains at
least two are selected from the group consiting of thermal mechanical pulp,

recycled pulp, deinked pulp and coated broke.



