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PROCESS FOR THE DEWATERI NG OF AQUEQUS SUSPENSI ONS The
present invention concerns the floccul ation and

woewsiesiong of aqueous suspensions to form a decamEer®d002078

cake. It is well known to apply flocculants to aqueous
suspensions in order to separate solids fromthe
suspension. For instance it ifls commobn practice to
floccul ate and then dewater suspensi ons contai ni ng
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solids. For instance it is commobn practice to

floccul ate sludges such as sewage sludge, waste
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In the dewatering of suspensions it is known to add a high molecular weight,
water soluble polymer as a flocculant to the suspension in order to remove the
liquid from the suspension and greatly increase the dry solids of the suspension.
High molecular weight flocculants may be cationic, anionic, nonionic or
amphoteric in nature. The choice of polymeric flocculant will largely depend
upon the susbstrate, which is being treated. For instance it is common practice
to use high rﬁolecular weight cationic flocculants to treat aqueous suspensions
comprising suspended organic material, for instance sewage sludge. In paper-
making it is known to use either cationic, nonionic, anionic or amphoteric
flocculants. Flocculation of mineral suspensions is frequently effected by use of

anionic flocculants.

It is standard practice to apply polymers as aqueous compositions to flocculate
suspensions containing suspended organic material. Generally the
compositions of polymers are relatively dilute, for instance no more than 1%
and usually no more than 0.5%, and can be as low as 0.2% by weight or lower.
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flocculants. Flocculation of mneral suspensions is
frequently effected by use of anionic flocculants. It

woostiasar d practice to apply polymers as aqueougP2005/002078

conposi tions to floccul ate suspensions containing
suspended organic material. Generally the conpositions
of polyners are relatively diRute, for instance no
nmore than 1% and usually no nore than 0.5% and can be
as low as 0.2% by weight or |ower.Various alternative
a floccul ant into a suspension
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weight flocculants. The dispersion polymer can be dissolved in water toa

conventional concentration or can be added directly to a suspension.

It is also known to use two different polymeric flocculants in the same process.
In commercial practice the dewatering of sewage sludge may involve the
addition of two polymeric flocculants which have the same charge (co-ionic). In
other processes it is known to apply two polymers of opposite charge (counter-
ionic). Where two polymeric flocculants are applied to an aqueous suspension
they may be added simultaneously or more usually sequentially.

WO-A-O1/05712 reveals a process of dewatering a suspension by adding to the
suspension concentrated and a dilute solution of polymeric flocculants
substantially simultaneously. Both the concentrated and diluted solutions of
polymer are added at conventional concentrations of no more than 1% and

usually much less than this.
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In comrercial practice the dewatering of sewage sludge
may i nvolve the addition of two polyneric floccul ants

wohbashoteare t he sanme charge (co-ionic). | n ot heCT/EP2005/002078

processes it is known to apply two polyners of _
opposite charge (counterionic). Were two polyneric
floccul ants are applied to an3daqueous suspension they

may be added sinultaneously or nore usually
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in cake solids can be obtained in it would be desirable to provide equivalent or
improved cake solids using flocculant products that can be more easily

manufactured and/or applied.

However, achieving high cake solids can sometimes be difficult, particularly in
the dewatering of sewage sludges. It is also known to add a flocculant or
coagulant to assist the initial dewatering of a suspension followed by further
addition of flocculant or coagulant and then further dewatering to achieve high
cake solids. Such processes are described in JP-A-10-249398, JP-A-61-
257300, JP-A-06-343999, JP-A-06-344000 and EP-A-1035077. However, these
processes have the disadvantage that they require two stages of dewatering
involving two separate treatments with flocculant.

It would be desirable to provide an improved process that results in dewatering
of suspensions to provide increased cake solids. In particular it would be

desirable to provide such a process that involves treatment agents that can be
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rupturing of the capsules which enclose the coagul ant
or by mgration froma matrix in which the coagul ant

woowsmvsapped. Al t hough signi ficant i nprovenenP€TIiER2005/002078

cake solids can be obtained in it would be desirable
to provide equivalent or inproved cake solids using
flocculant products that can #e nore easily .

manuf act ured and/ or applied. However, achieving high
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ion of flocculant or coagulant and then further
dewatering to achieve high cake solids. Such processes
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deS|rabIe to provide an inproved process that results
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The reverse phase polymer may be used in conjunction with other chemical
dewatering treatments. These chemical dewatering treatments may for
instance be conventional flocculating agents such as cationic polyacrylamides
or conventional coagulant such as polyamines or PolyDADMACs. Such
chemical treatment agents may be added before the reverse phase emulsion, or
after and can be added simultaneously with it.

Although other chemical treatment agents can be added in the process it is
preferred that the reverse phase polymer is the sole chemical dewatering
treatment aid.

The invention is applicable to any suitable suspensions in which it is desirable to
concentrate the suspended solids. This includes waste waters, textile industry
effluents, mineral suspensions such as red mud from the Bayer Alumina
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According to the present invention we provide a
process of dewatering an aqueous suspension conpri sing

wonre@Etwsy2t he suspension with a dewat eri ng anoBaT/E®008/002078

reverse phase pol yner, and subjecting the suspension
to a mechanical dewatering to forma cake,
characterised in that the reverse phase pol ymer only
partially inverts to bring about flocculation and
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such that partial inversion of the

In the dewatering process the suspension is first thickened by the action of

polymer released during partial inversion of the emulsion. Typically the emulsion

is added to the initial bulk suspension. This stage involves the initial flocculation

and release of free water to produce the thickened suspension. Generally the

release of free water may be achieved by free drainage or filtration and it is

common to employ mechanical means such as a belt thickener or rotary drum

thickener. The reverse phase emulsion flocculant should be added in sufficient

quantity to bring about initial flocculation and partial dewatering of the
suspension. Preferably the suspension is thickened to produce a semi solid
sludge paste.

The dewatering process involves the action of the remainder of the polymer
flocculant released from the emulsion as the emulsion fully inverts on the
thickened suspension The released polymer can be easily mixed into the
thickened suspension and distributed throughout using conventional mixing
equipment. Suitable mixing equipment includes for instance ribbon type mixers
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enul si on occurs, prior to the mechanical dewatering,

to bring about initial thickening of the suspension,
wanaostiag92t he enul si on should fully invert andPOTIERE05/002078

about further dewatering of the thickened suspension.

By partial inversion of the enulsion we mean that at
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poRfeHtedocculant and typicaily will be high molecular weight. Natural
polymers include for instance cationic starch, anionic starch and chitosan etc.
Synthetic polymers and include linear, branched and cross-linked polymers of
ethylenically unsaturated monomers. Usually the polymer will be of molecular
weight in excess of 500,000, usually at least one million and normally 5 miillion

up to 30 million.

The reverse phase polymer of the present invention may be cationic, anionic,
nonionic or amphoteric in nature. The choice of polymeric flocculant will largely
depend upon the susbstrate, which is being treated. For instance it is common
practice to use high molecular weight cationic flocculants to treat aqueous
suspensions comprising suspended organic material, for instance sewage
siudge. In treating paper-mill waste it is known to use either cationic, nonionic,
anionic or amphoteric flocculants. Flocculation of mineral suspensions is
frequently effected by use of anionic flocculants.
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floccul ant released fromthe enulsion as the enulsion
fully inverts on the thickened suspension The rel eased

weoabosrmes2ozan be easily mixed into the thi ckene#CT/EP2005/002078

suspension and distributed throughout using
conventional m xing equi pment. Suitable mxing

equi pnent includes for instanée ribbon type m xersor
kneadi ng m xers. Ri bbon type nmixers consist of helical
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conventional ,reverse phase enul sion, reverse

[stanceraciylamida inethasryiandide dmsirexysthyl acrytale, blevmyl pyrrolidone.
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apignie m?rﬁw&@ PO PrBlcse of therngrienic mnomemsrafemredtted
Cc
PR b ARty BB M or Myt A BT oo
a6id, maleicacld neroteniic¢ gcis, itadohicosid, vinylsulphonic acid, allyl sulphonic
acid, 2-acrylamido-2-methylpropane sulphonic acid and salts thereof. A
preferred polymer is the copolymer of sodium acrylate with acrylamide.

Preferably the water soluble polymer is cationic and is formed from one or more
ethylenically unsaturated cationic monomers optionally with one or more of the
nonionic monomers referred to herein. The cationic polymer may also be
amphoteric provided that there are predominantly more cationic groups than
anionic groups. The cationic monomers include dialkylamino alkyl (meth)
acrylates, dialkylamino alkyl (meth) acrylamides, including acid addition and
quaternary ammonium salts thereof, diallyl dimethyl ammonium chloride.
Preferred cationic monomers include the methyl chloride quaternary ammonium
salts of dimethylamino ethyl acrylate and dimethyl aminoethyl methacrylate. A
particularly preferred polymer includes the copolymer of acrylamide with the
methy! chloride quaternary ammonium salts of dimethylamino ethyl acrylate.
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up to 30 mllion. The reverse phase polynmer of the
present invention nay be cationic, anionic, nonionic

wono@mpsoeeric in nature. The choi ce of pol ymePCT/EP2005/002078

flocculant will largely depend upon the susbstrate,
which is being treated. For instance it is conmon
practice to use high nol ecul aB wei ght cationic
flocculants to treat aqueous suspensions conpri sing
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sol ubl e polyner is anionic the polymer is formed from
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fr}géle%tﬁe@%i@‘yprg;%é cg?ien iEdnonanseeroBoReMers. Evani more
H@f&?&d ¥id folymers comprising at least 40 or 50% by weight cationic
monomer units. It may be desirable to employ cationic polymers having very
high cationicities, for instance up to 80 or even 100% cationic monomer units. It
is especially preferred when the cationic second flocculant polymer is selected
from the group consisting of cationic polyacrylamides, polymers of dialkyl diallyl
ammonium chioride, dialkyl amino alkyl (meth) -acrylates (or salts thereof) and

dialkyl amino alkyl (meth)-acrylamides (or salts thereof).

As stated previously the reverse phase polymer flocculant is desirably of
relatively high molecular weight. Normally it will be a polymer that exhibits an
intrinsic viscosity of at least 0.5 di/g. Typically the intrinsic viscosity will be the
least 3 dl/g, and often it can be as high as 20 or 30 dl/g but preferably will be
between 4 and 10 dl/g.

Intrinsic viscosity of polymers may be determined by preparing an aqueous
solution of the polymer (0.5-1% w/w) based on the active content of the
polymer. 2 g of this 0.5-1% polymer solution is diluted to 100 ml in a volumetric
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acid, maleic acid, crotonic acid, itaconic acid,
vi nyl sul phonic acid, allyl sul phonic acid,
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thereof. A preferred polymer is the copolynmer of

sodium acrylate with acrylam de. Preferably the water
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Another particularly suitable category of reverse phase polymeric flocculants are
Mannich addition polyacrylamides. Ideally such polymers will exhibit an intrinsic
viscosity greater than 1 dl/g and quite often can be at least 4 dl/g, for instance at
least 7 or 8 di/g. Such polymers may be made by reacting formaldehyde /
amine adducts with polyacrylamide. The amine may for instance be
dimethylamine or other secondary amines. Preferably the Mannich addition
polyacrylamides are quaternised salts and these could be prepared by reacting
the free base Mannich with a suitable quaternising agent such as methyl
chloride or dimethyl sulfate.

Another suitable polymer as the reverse phase polymer includes poly dimethyl
diallyl ammonium chloride of intrinsic viscosity greater than 0.5 dl/g, preferably
at least 1 dl/g.
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according to a process defined by EP-A-1 50933, EP-A-1

wWO0206098292 EP- A-1 26528. It is particularly prePermesn05/002078

that the reverse phase polynmer flocculant is forned
fromat |east 30% by wei ght cationic nononer or
nmononers. Even nore preferredi@re pol yners conpri sing
at | east 40 or 50% by wei ght cationic nononer units.

|Effevtiye bewatsringedfl sispensions eah batichizved WHanBese baNhitds are

very .high cationicities, for instance up to 80 or éven
i@ﬁé@"&ﬁg?‘?fﬁ?ec?rﬁ’ﬁg ¢ p[ﬁﬁepgl_nvppthrg especi al |y
preferred when the cationic second floccul ant pol ymer
i_s selected fromthe group consisting of cationic

Jorirady iheadosreef theqrojyreersfoand & be eyl efftictive gewaterimgi amount is
?Eﬁ'eﬂ ;dt 1st gg?‘bg %hﬁ%@?@%}' Eémtﬁéﬁgﬁg RS, %seusallgl%e amount

(raddpe m«gndl' rﬁm idstanceuptal s md lpeemfé ?Ir Hi@h@lt.airtéfb_rred doses
previ pus e reyerse ase pol ymer occul ant is
@é%%?&fﬁeﬁ%d aP%ﬁg i%f’?'pﬁfegh nol ecul ar wei ght .
Normally it will be a polyner that exhibits an
intrinsic viscosity of at least 0.5 dl/g. Typically
tThe foklawing sxamples iscan Hlystiatian afdhe inventiast 3 dl /g, and
often it can be as high as 20 or 30 dl/g but
preferably will be between 4 and 10 dl/g. Intrinsic
viscosity of polyners may be determ ned by preparing
an aqueous solution of the polymer (0.5-1%ww) based
on the active content of the polynmer. 2 g of this
0.5-1% pol yner solution is diluted to 100 M in a
volunetricflask with 50 ml of 2M sodi um chl ori de
solution that is buffered to pH 7.0 (using 1.56 g
sodi um di hydrogen phosphate and 32.26 g di sodi um

hydr ogen phosphate per litre of deionised water) and
the whole is diluted to the 100 mi
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mark wi th deionised water. The intrinsic viscosity of
the polyners are neasured using a Nunber 1 suspended

woOeuvslsaosconeter at 250C in 1M buffered salt sormEPR@R002078

One particularly useful cationic polynmer type includes
50 to 100% by wei ght nethyl chloride quaternary

amoni um salt of dinethyl ami dd ethyl (neth) acrylate
and 0 to 50 % by weight acrylamde of intrinsic
Bxengslet y between 4 and 10 dl/g. Preferably the
tiotni.c | ymer corisis at l.east 80% net hyl

)
=

PLIYY
C w, C

dnbiohNB&NY dfieYdian grooqcp%rgémb@wneeﬁfﬁae%nraﬁt phase
pol'ymeric 1locculants 1 nclude polyvinyl am di ne and
pol yvinyl am nes of intrinsic viscosity greater than 1
qidlzgqgelpreferably greater than 2 dl/g. Another

larly suitable category of reverse phase
pol yneric flocculants are Mannich addition

l,yacryl.am des. | deal uch.pql rs wijll exhibit an
PRTRGR 58 5110885 g dplekuly Waidhh, HBiBydhispcipride bdsed
Qloly@hercaiintifsilviscaRy 94I/glin the fobin dMBdaeRaRY drf@Sion {liquid
or 8 dl/g. Such polynmers may be made by reacting
igey@UGt). ani ne adducts with pol yacryl ani de. The
am ne may for instance be di nethylam ne or other

secondary am nes. Preferably the Mannich addition
hirlgsscotheawisd statad intinsit gisnosids seddstirech dsingesdumbet d

STeBanial Bl s i, 2 M otk ot SRt b,
icBBidaNbe Siththé SnfoRaidiegiven i hil feseAbliorer as the

reverse phase pol yner includes poly dinethyl

Test substrate

Dewatering tests were conducted on a sample of a digested, mixed

primary/activated sludge. The sample had a dry solids content of 1.9%.

Experimental procedure

(A) Addition of neat or solution of polymer A

i) A portion of Polymer A was first dissolved in deionised water to give a
homogeneous 1% w/v solution based on active polymer and further
diluted to 0.25%w/v prior to use. The 1%w/v solution was further diluted
with deionised water to 0.25%Ww/v prior to use.

ii) 500 ml of a digested, mixed primary/activated sludge was placed in a 1
litre plastic beaker (120cm diameter by 120cm tall). A standard laboratory
stirrer was secured over the beaker with the stirrer shaft located through
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di al l yl anmmoni um chl oride of intrinsic viscosity
greater than 0.5 dl/g, preferably at least 1

wdbkogg/oefdect i ve dewat eri ng of suspensi ons can BET/EP2005/002078

achi eved when these polyners are used in accordance
with the present invention. Typically the dose of the
pol ymer found to be an effectil®e dewatering anount is
often at | east 50 ng active polyner per litre of
suspershale in tieuedritne dfithe beakatlidoThkbdtiber 5 @ farr biaded, flat

i nstance up to 40 r, l.itre or, higher, Preferred
doses Cé‘?‘??“@@?&é‘@npe@gﬁ aﬂ%ﬁd@éﬁ %ﬁﬁ”b\éﬂ‘ﬂl‘ BY AelCMhe
followi ng exanple is an illustration of the

i nventi on. Exanpl e Dewat eri nq of aqueous suspensi ons

vi a dilif) &gt appraptiatervobime ofi eitherrnaat Polymaersh.omm 04'2@:% golution
po yre] PR e afie e o Rl iing bR i K Hoater.

cat i offihe shadgd was fechdated bydtiynivey atof500mpmi fos il Bs. ;I'he
viscogity 9 dl/g,in the form of dehydr at ed enul si on
(1 qungodaisratstis oo ety Bustol kefpae Doa polfer

| Nt T i AgdrAbién®C 8mpbisihg aEEReY EiRfFhatel Bélt-Bre¥sHMRF cibth and the
suspended | evel visconeter, in 1M sodium chloride

buf f efiicate goliagted ina messpdag ewinderh t he i nf or mati on
given in the description. Test substrate Dewatering

tests were conducted on a sanple of a digested, m xed
pr i maiw)/Adter i30atdeainage tgethickeaed ahjalge rbtathed o Yhesfilterdsoth

. 9% . Exper.i nent al ocedur e
cont evvtasosfubjlec?ea toa ‘%Srro%gt %chﬁquue, wHereby a spatula was slowly
drawn across the sludge in several directions to encourage release of
more water. Furrowing was carried out for 30s. The volume of filtrate was

noted.

v) The thickened sludge was transferred to a 250ml beaker and stirred by

hand for 45s with a spatula, using a slow, circular folding action.

vi) The thickened sludge was then transferred to a piston-press device
and subjected to a compression dewatering stage. Dewatering was
commenced using a pressure of 20psi for 2 minutes, followed by
increases of 10psi, at one minute intervals, for a further 3 minutes to a
maximum of 60psi. Pressure was maintained at 60psi for a further 5
minutes, giving a total compression dewatering time of 10 minutes. The
wet cake was removed and the cake solids content was determined by

heating at 110°C overnight.

(B) Addition of neat or solution of polymer A excluding mixing of the

thickened sludge.
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(A) Addition of neat or solution of polyner Ai) A
portion of Polyner A was first dissolved in deionised

WQabwsr095m2 gi ve a honbgeneous 1% w/ v sol uti on baseaP2w5/002078

active polymer and further diluted to 0.25%W v prior

to use. The 1% v solution was further diluted with

dei oni sed water to 0.25%W v pABor to use. ii) 500 m

of a digested, mxed primary/activated sl udge was

pl aThke pratealute iviatrexapilyathiel sanbe ak éiat ((b20dedlinaPrices utey(A)

1200mtal ). A standard | aboratory stirrer was secured
PP he beaker with the stirrer shaft |ocated

througha hole in the centre of the beaker lid. The

stirrer is a four bladed, flat crosshead type (each

padd| Sector BerAmpppiRPHgtevalent of aid. 25%edigionopirPalyraer A was

e

secur Gdcd:@atteh&aybammg at T300rpinufdge582Fhé iﬂocaﬂh@tﬂeslu@e was

stirrin mfor S ccul at ed sl udg

vas. pBAHE R NN el Wk BB filgi e heagea comprising an
menbr 8agy digRisRsr tﬁlﬂﬁe@@ f|§§1"”6|é’thadi%¢tﬁé fiRPAte cBli&tad fih ht er
cloth and the filtrate collected in a neasuring

cyl i nawasurigg cinder. 30s dr ai nage the thi ckened sl udge
retained on the filter cloth was subjected to a
"furrowi ng' techni que, whereby a spatula was slowy

dr awn Sactiors 8) + Itds sectitgewas oadtvet.al directions to
encour age rel ease of nore water. Furrow ng was carried
out for 30s. The volune of filtrate was noted. v) The
Hsglégned sludge was transferred to a 250m beaker and
stirred by

The results are given in Table 1

Table 1

Data Test Neat 0.25%w/v Filtrate Cake

Set | Procedure | Polymer A | Polymer A | Volume | solids(%)
Dose (mg/l) | Dose (mg/l) (ml)

200 _ 430 23.39

1 A 250 _ 415 25.65

300 _ 405 27.57

_ 200 460 16.15

2 A _ 250 470 16.55

_ 300 480 19.67

200 _ 460 20.24

3 C 250 _ 465 20.34

300 _ 470 22.33




hand for 45s with a spatula, using a slow, circular

folding action. vi) The thickened sl udge was then
wonrersgbsveed to a pi ston-press device and subj eCTE®2106/002078

a conpression dewatering stage. Dewatering was

commenced using a pressure of 20psi for 2 mnutes,

foll owed by increases of 10psit4 at one m nute

intervals, for a further 3 mnutes to a nmaxi num of

60pThe aBoes rasulis waswrthe ihpidved oake GONds ob@iney Mﬂé@ Pefymer A
I me

5 mnutes, giving a total conpression dewatering. i

o ecrideRLAsab® neAL Praticfenaaled T giSLEBA FonHENismeLllute
sol §slgtigpnt ent was determ ned by heating at 1100C
overnight. (B) Addition of neat or solution of polyner

A excluding m xing of the thickened sl udge. The

pr o, st . tJ. bed. I n
br o fitpRsfpr SRS 2 a9y o BB ne
vol thiokenéd polyntatentedisiudge ¢ dEinmentsl té caks salitked t o
the sludge and the |id secured to the beaker. The
sludge was floccul ated by stirring at 1500rpm for 15s.
The fl occul ated sl udge was poured into a filtration
cell, which had a filter nenbrane, conprising an 8cm
di anmeter belt-press filter cloth and the filtrate
collected in a neasuring cylinder. Section v) - this
section was omtted. Results The results are given in
Table 1
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Tabl e 1The above results show the inproved cake solids
obt ai ned when Polyner A is added as the neat product

woanpaved2t o addi ng as a conventional dil ute s8CUEPZN5/002078

Conparison of data sets 2 and 3 show that additional
m xi ng of the thickened polynmer treated sludge is
detrimental to cake solids.C d4bnms 1. A process of
dewat eri ng an agueous suspension conprising treating
tClainsgispension with a dewatering anmount of a reverse
phase pol yner nd subjecting the suspension to a

necha eréﬂceﬁ%%éé’l"?tﬁﬂ“ &N HS SHRRENSMLPABPESING drgafing the
tsha%eﬁéa@n Wea’é&vaaﬂﬁ§ aRfJuHTef 95\'(1&5 ghéé@bbwcﬂysﬁa s
to thic (0] e

bring about flocculation an 2Nni ng
subjesting te suspensieariofauneghanicardeyvatieningty formteheake,

| : r agccordin o, .
ERARICTESER P S Brade pllyBle® SERGRERSRLAYAR: Lipune
@beut itedcutitioatasidi thgkeniagtonting saspgbnsibn, Angitiesefisly inverts during

ccordjng.to cLo'ml or claim2 in which the aqueous
E‘ﬂ@?ﬁ!#ﬁ efing 3\%[5@%@'?%9& 4. A process according to
agy OfA srodbsBadedr@ing tb BlaAi i Wiligh ¥Re Pééaﬂ)hasehpolymer is the
dewat eri ng enpl oys an apparatus selected fromthe

griaphesvngl dawatgring treaimenids, filter press, screw

o oo SR BRI o B PLOTARE RSB ABROY o
sasmengion isidevagel dudge.or a substantial |y dehydrated

fo)l ynﬁrpriocr:]es?si écc%irdc*lﬁs rtg, iaﬁ{/] of claims 1 to 3 in which the mechanical
dewatering employs an apparatus selected from the group consisting of belt
press, filter press, screw press and centrifuge.

5. A process according to any of claims 1 to 4 in which the reverse phase
polymer is a water in oil emulsion or a substantially dehydrated polymer in oil
dispersion.

6. A process according to any of claims 1 to 5 in which the polymer is
cationic.

7. A process according to any of claims 1 to 6 in which the polymer is
formed from at least 30 % by weight cationic monomer or monomers.

8. A process according to any of claims 1 to 7 in which the polymer is
selected from the group consisting of cationic polyacrylamides, polymers of
dialkyl diallyl ammonium chloride, dialkyl amino alkyi (meth) -acrylates (or salts
thereof) and dialkyl amino alky! (meth)-acrylamides (or salts thereof).

9. A process according to any of claims 1 to 8 in which the polymer has an
intrinsic viscosity of at least 0.5 dl/g, preferably 4 to 10 dl/g.

10. A process according to any of claims 1 to 9 in which the polymer is
selected from the group consisting of,
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6. A process according to any of clains 1 to 5 in
whi ch the polyner is cationic. 7. A process according
woao@mgsoe clainms 1 to 6 in which the pol ynmer pPeTE®20v6/d02078
fromat |east 30 % by wei ght cationi c nononer or
nmononmers. 8. A process according to any of clainms 1 to
7 in which the polyner is seldBted fromthe group
consi sting of cationic polyacryl am des, polyners of
d| al Ey a ﬂo@hlerlfommmmmrflio:iai 11{]0% byfwblglhﬂmétf@rﬁlﬁll@ndé Kyl
r r [ m
SRyhanGR HNCRT safcaeneBY Ayl res)acrgbtesnd b to 20%
ich the
gt A R ae B el VRS eocn o) 10
dI / g, lippelyeingbamiding and potyvingl amiesof mtﬂesgsuswosmy greafer
tt@ @g){%@f clains 1 to 9 in which the polyner is
i fromthe group consisting of,i) a polymer
f or medii)fquaterbidet! gsa!l@@%ﬂaynl n}mg@wncﬁia?&yécrylhhﬂd%ﬁlef intrinsic
quaterna niumsalt o i met hyl amino ethy
@%;‘Fr ér@gﬁ)af‘e 20% by wei ght acryl ami de of
' nt ri "\?)'pbly’dﬁ%lﬁﬂ/ltdfal E\Hﬁ%huﬁ‘mf&hfbrfb@ d*'lﬁtﬁnsic'\hscosny greater
pol yvi am di ne and polyvinyl amnes of intrinsitc
\ﬂﬂ%@@é éllﬁg greater than 1 dl/g, iii) quatenised salts
of Manni ch addition pol yacryl am des of intrinsic
viscosity greater than 1 dl/g, and iv) poly dinethyl
di al l yl anmmoni um chl oride of intrinsic viscosity
greater than 0.5 dl/g.



