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Dewat eri na Process The present invention concerns the
floccul ati on and dewatering of aqueous suspensions to

woanimassewat ered cake. It is well known to appCy/EP2005/002077

floccul ants to agueous suspensions in order to
separate solids fromthe suspension. For instance it
is common practice to flocculjate and then dewater
suspensi ons containing either suspended solid organic

ﬁg&'g{éfﬁ!g %C%éweral solids. For instance it is comon
occul ate sludges such as sewage sl udge,
vvﬁstg vvaterls, textile industry effluents, red nud from
e bayerl. A S . i .
i prégt et et Sl AE i ARGUBLRERY & Eling Bfgauecus

Sisplengionbtte férhea sleapesreti @akeéhe floccul ant, all ow ng
t he suspended particles to floccul ate and then
dewatering the floccul ated suspension to forma

ARVALE kﬁé\/vg36<§p%|§fﬂlob8maﬁg%t@mbsgs 8lisiaiBRARShYrgerifo | S

known to a gh nolecul ar’ wei ght, water sol uble
peparatersaigs &om thecsUspension. Faringiaspe ifds 6AMMPrpprastice &

enpve the.liqui r : i .
ficrERie ana el Velst kS HECE B Afer 4hnded soli
G@agmﬂnafermbgﬂm:]nérélmiubamansuanc@ﬁ i€ avinowincpraaticetd c,
noni onic or a oteric in . Th hoi.ce. of.

P e B S et S e, S sty
SIS AlEmultidER tHSBREAMAURIRRbREBesE aRd iSUSHEHIeNS bf dcal
conmon’ practice to use high nol ecul ar weight cationic
tdlilimgs dtarflecautationdausugiiicathiewris Py mixiag inte Hg suspangion the

\ ' i al i _
GO AP RleCa FR R E paglds foTREEAGR, SR, dowatering
grtficueumtedsuspension terfbwmiaciewatersdhaaker i ¢ fl occul ant s.

Fl occul ati on of m neral suspensions is frequently
effected by use of anionic flocculants. It is standard

B @%Edﬁt%ﬁﬂw@@@dép@ﬁé%ﬁ? itSs RRORA S aHE 2aNgR a6t aswERht,
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 molecular 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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suspensi ons contai ni ng suspended organi c materi al .
Cenerally the conpositions of polyners are relatively

wdiz2bastoes286 or i nst ance no nore than 1% and usuaPCY/ER2005/002077

nore than 0.5% and can be as |ow as 0.2% by wei ght or
| ower. Various alternative nmethods of introducing a
floccul ant into a suspensi on have been proposed.

WO A- 02/ 079099 describes a nmethod in which at |east

%ﬁoﬁ%%ﬁéﬂh‘aﬂ% netHO& 6fintrd@sisted Idce@ahl itd @ saspandidishave

l'iquid separation process and 1nverted in situ such

bren propased! MO-ADA/@INWdesaribesaimethad in which at least one
et € o) Plefty @ LR RRLpgidigton g ina

aivieetetliiiv eitasnctn that flobcudantis ecleadant disedtlyiinfoethe appptieatiomd The
pressure to enpsure rapid inversion of the. emul sion i
Brtcon g atded shadneetfpt inesanrs it deparsiics Ripge g
SUSjReR 8PSt ti0e @Yount bf hi?h sheBafarisuffitient time and pressure
WO-A- 98/ 31749 and WO- A-98/ 31748 are both concerned

{0 ensyreappidiinvergionp ke emslsion i e complets releaseseidbpt v

PR BN TR ispeiof MRS P Eopumatiar) T 0
The product thus formed is an aqueous dispersion of
WP OB F e ol Ao a 45t 5T abRES RO o 8eday
8hdionhd 8Cgh %Fiﬁsic‘?ﬁ%oﬁhﬁ@&foﬁi@ﬁblFﬁhlel@hrarpa@u&ﬁls and
I'ssolved in“water to a conventional concentration_or
oadilys centriningidissolved low iatrigsisyéseontiy catieni¢ sopmes. The
SRENBL 53k ) HEGEARLOBRLAPEIA L QEFATER s
dRoesiey catpnid psigmeg evhidhiid gecamegnient aday ef phevididdihighomolecular
BHeIa Sop Gy AN The PRSI BB L B8 Gresol ednaiater s 2
S\ﬁﬁ\'/éhtfo\“{gl BSHcEmBafioR br EAPBE iakiBed RReemy (L£8UNESErsIsH.C) -

ere two polyneric flocculants are applied to an
aqueous suspension they may be added sinultaneously or

IS SIS P oY FUG0AANG AN Shfearocess
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-01/05712 reveals a process of dewatering a suspension by adding to the
suspension a 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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suspension a concentrated and a dilute solution of
pol yneric floccul ants substantially sinultaneously.

waabds/wsse concent rat ed and dil uted sol uti ons oPCPEIPYIWSN002077

are added at conventional concentrations of no nore
than 1% and usually much | ess than this. WO A-02/ 72482
descri bes a process of floccy ating and dewatering an
aqueous suspension of suspended solids in which a

‘Wt#)—)&"@é/?ﬁ %E’Qééér'b%% £HITRELS b o dRPARR rdevitehRl @Rtaqueous

ner an nmer conp osl tion conpr|S|ng betmeen
QJslpiénand di sﬂ@pmdanbscgms npwmo!rea palyger gorpnsion comprising

ForansCRERLY Weiof poVEREr ahd B0 AR obosin SBRBHSRE S
bewdesi0.ehhad M%WWélghumymbharetmhedB@éd dienuitainaoosiy.

I n dewat eri ng suspensi ons, especi al fo
Altm&sthelme@ﬁmrirmab%ﬁpm@dmp&i@@vt o lighas and free
g%gﬁﬂc aﬁmlégeyg‘%lr Bl'e%'lﬁérd#/@tﬁ)o‘ﬁfthé Rake'sBR&Nbbtained in

ion esa thod of dewatering a

dewalering sospenians, regpacielyrfns sewiaga sbisigesi si ng a
cationic polymer flocculant and a coagul ant in which
the coagul ant is encapsul ated. After free drai nage of

rsrﬂfrggﬁcgrﬁn% gdslattdh@@lp@%{im@%'tﬁ unpu@lmf\edhat i@ ptlblléty date of
exa e ru uri n t

thiei pRsentarpieation &q&ﬁ%ﬁne@ﬂow %@Vg@t&fmg & sUspgnsion
g[d;@hdc p%gltbﬂ%oﬁﬂﬁgmgaﬁﬁel ichi€ g{)lﬂlﬁ%??lgcc@bﬁhé’r\tgﬁ

rovenents I'n ca e s can
o:hugular&dn Mﬂqu@bothﬂeobdagutmﬂ; |sr etitlapsulatest. oAdterdrer diaipagmef the

Kk J d
Risb bR RO el o Sl e B
of tAelapYiles Which eseilsse & datgjutsa oﬁblyemlgrai&nlffom a
difficult, particularly in the dewaterin

aUGBSNEh Thes Coagian b ARTEBP AR A BMIUB DM RANGF Povements
ﬁlo&gééls%qiﬁstc n %Sdbct m%HfﬁfW@ul 'b@'d g"é@fe%'ﬁwwafe e%uwalent or

uspensi on urther Ition of floccul ant
mnprooe@ nbmmlamju&h@ﬂommmt@rodmmt?‘a’c icag beomatsheasily

ma%ufactured 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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cake solids. Such processes are described in JP-A-1
0- 249398, JP-A-61- 257300, JP-A-06-343999,

WORs & 00S8844000 and EP- A-1 035077. However, thee®/EP2005/002077

processes have the di sadvantage that they require two
stages of dewatering involving two separate treatnents
with flocculant. It would be glesirable to provide an

i mproved process that results in dewatering of

FHSTBRIEIIP BA cBnPEMMhilemaRGfRARed apdkppied. Asfurth8r objective of
particular it would be desirable to provide such a

e peasent IYENHoR,is|to PEovide athreetssdhahawidn Hie regessityrof e
| | % nd applied. A

P in B Ay B8 SeBaia SoRTT P (o

provi de a process that avoids the necessity of

| oying floccul ant additions in. two separate steps.
ACBartra D o Briee Sh i Praportavestiondie PRAGUn ireRce o
ReRBtEHhgParP QG ﬂfstp_@ﬁg\i@h%rrmﬂgyiﬁg AT ASING YWY BRAS tOMprising
enpl oying a floccul ati ng system conprising tréating
freating Hresuspensign wtha ficeedaling amguahefumiirss floecutantsand a

r - .

BB 8 4 BEHA 8 AP s SIRRBRS uspensin
mesxthanicaht ewatesingto hynt a chke viaereakibe finsidtaeicalanbbrings about

e 574 Yaand R e SRR SRR hen
fuHHdrefewdtyratigs Suspehsidtspensi on, characterised in that
t he second flocculant is a water-soluble or water

sheractasised io thatdhe seeand Rogeulasd is awgtenroluhle penaterswellable

1 e
BRSSP I LSRG M B g
cospositiby compaisingsdiSshivérDorcipsirateelgsalyradr bavidga@roBikileld

' ter, spi 6, 1 . The_ i i on | _
Kisgr B o 0 Eens arePLad SLAQICIEVT Waimier, evingle 6
dgshy.abl e to concentrate the suspended solids. This

i ncludes waste waters, and textile industry effluents,
m neral suspensions such as red nud fromthe Bayer

The invention is applicable to any suitable suspensions in which it is desirable to
concentrate the suspended solids. This includes waste waters, and textile
industry effluents, mineral suspensions such as red mud from the Bayer
Alumina process or coal tailings, in paper mill wastes such as cellulosic sludges.

The process is particularly applicable to the dewatering of sewage sludge.

In the dewatering processes the suspension is first thickened following the
addition of the first flocculant. 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, belt press
rotary drum thickener or centrifuge. The flocculant should be applied in
sufficient quantity to bring about initial flocculation and partial dewatering of the

suspension. Preferably the suspension is thickened to produce a semi solid
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Al um na process or coal tailings, in paper mll wastes

such as cellulosic sludges. The process is
weoaondsioosdsar | y applicable to the dewatering of Bewage005/002077

sludge. In the dewatering processes the suspension is

first thickened followi ng the addition of the first

flocculant. This stage involges the initial

flocculation and rel ease of free water to produce the
sIhHPé F’%@l IRUEPRAS N8 firstapet@bhwiii 4 pbFafRs aedetlirge

water may be achieved by free drainage or filtration
camertionakcansentsation femipsigncadctiane d&b byagightsesecially £.2%
Kpggkéthickener, belt press rotary drumthi ckener or

centrifuge. The floccul ant should be applied in

sufficient quantity to bring about initia

RSB AT BT AR Be B o DR AR B e
intRMbukdspehsidae paste. In general this first

flocculant will be a polyner added at a conventi onal
concentration, for instance 0.1 %to 1% by wei ght,

TFRRER 84 o PSR A o

thidkeniedisuispéndioh WVedfinpdhat the. relEtiecly evgnoas isegond feexsday does

nbf et G M Bl e AR Bt G5k Bt doBe
inyé%ﬁﬁwmuﬁﬂmﬁﬁ:kéh@@ sUS FEisicIP@SirgPmiatp ah@or irRichynicak

into the bul k suspension prior to thickening but it
dewateringrasg Rringsi ahayt fuither Felerem ebwalns fe REIAIve AP watered
| I i .1 .
o T OB e LU e B e A RS g iipension
afth distrifouded thiroughoutasingeonveatienalinixingi equipmento Suitable

t hi ckened suspensi on and di stri but h US|
miogng ERRRamE TG on B ireritoolbe pigkis o Rfghag iers.
REBONAYBE nikerel coreist bPRelicasdegsiail Miking biddesethai sessp atross

kneadi ng m xers. Ri bbon type m xers consist of helical
negrisiterNtirpiswitace Bf Biadnixingatessle diNeRAING BIXRER COPSIEHY o
k@%%dg:ﬁ@ ta?rﬂ% ftlﬁ\tgnt%ﬁnég}?ag\/\?é'll 3 YRR SHlosdHiEIahBS téMnEShiker
wall. Alternatively the second flocculant can be distributed throughout the

thickened sludge during mechanical dewatering. Typically, this mechanical
dewatering will involve compression and can for instance be any of belt press,
filter press, screw press or centrifuge. When this treated thickened suspension
is subjected to mechanical dewatering unexpectedly high cake solids can be

achieved.

Preferably the second flocculant is an aqueous composition comprising either
dissolved and/or hydrated polymer. More preferably the aqueous composition
will comprise at least 2% by weight polymer. Generally the polymer
concentration would be at least 5% and often at least 10%. The aqueous
composition may comprise as much as 20% or more, for instance up to 25 or
30% polymer but generally useful results are obtained when the polymer
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kneading arns that internmesh as well as forma close
tolerance to the mxer wall. Alternatively the second

wohosmuszmnt can be distributed throughout the porEeesdo2077

sl udge during nmechani cal dewatering. Typically, this
mechani cal dewatering wll involve conpression and can
for instance be any of belt m@ess, filter press, screw
press or centrifuge. Wen this treated thickened

on . ' t1o hical '
SRR i Be PR S Eng R8s WIS TIRPARDEN Sbolymer used
Fr b evegbhy flbbeulsetcammapdsitionowill siepend upon dbe &mes molecular

co sitjon conprisi either dissol ved and/ or

it can dRarsmel orqushiafe of e Re S aty, Bloner motecular
GRIGMP Polyndts WahbeC@dHal ih Séwét cdneaatratiSndtanaogbi molecular
pol'ynmer.” Generally the polyner concentration would be

weight aotymssrs aRlausofheesragt ampEst of Ry Menis afirdentdo generate a
BPSGRId \'/igéb{f@yoééﬁgpé ?g&oggﬁp@gguﬁm h8%eRbn b@culé@u I

rnstance up yner general 'y use
cespbsitioamsll extibit aedsasisiy of aldepst 40,80@ ops and ofien @anike at

et % and. 20% b ight. .Th t. of. pol .
[ReshB5 doB s Wheblepe | ik btahes O RpBETY SR icRRt Bl yiscous
HRE Rl BRoduratisef résiisafor Witaide 9601d00ley06€,000 or more.
crosslinking of the polynmer. Generally highe

fupisely moreeffgetiveresylifare realisaskwher fiq ﬁeqqgwgﬂocculant has a
SRBESD AL SEIOHIRR 0000 858! Pori i Rl o

Is sutrfrcient to
gemppaitionsa wil extiibit alviscosiy okbetweefn 4900000 Qs ad8ep.H00 cps.
Usual |y the second fl occul ant composition will exhibit

a viscosity of at |east 40,000 cps and often can be at

a8 istehd8onl RRcABRsIRay bd kRyGaitabieirdtarl oryyriketic
significantly nore viscous and still produce usef ul

pelymeris flacshlanhged micalyovithbe high motsautay virighie Natural
AR AL ISR SR, Snrieshidogapiestien.
890tHH0 popsnerBandlude livedrybranehed aed coassplidied pnigmeis) of
gg‘g/l_lgr{ict:alﬁl/ LYHIS% u?’g{etdy mggorgggs\{\ﬁ'ﬁg f#&(%lo%gglaﬁp rsna§rb% tﬁgOSag'QeOas
the second flocculant or alternatively the two flocculants may be different.
Usually the polymer of the first flocculant and second flocculant will be of

molecular weight in excess of 500,000, usually at least one million and normally

5 million up to 30 million.

The first and second flocculants 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 sludge. 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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The first and second floccul ants may be any suitable
natural or synthetic polyneric flocculant and

woyppisoasisy wi || be hi gh nol ecul ar wei ght. Nat upali/EP2005/002077

pol ymers include for instance cationic starch, anionic
starch and chitosan etc. Synthetic polyners include

i near, branched and cross-I|ipked pol yners of

et hyl eni cal ly unsaturated nonomers. The first

finRGsoNmet m'é?Bbe@e?g%cﬁﬁﬁﬁol%ehB@hcﬁﬁ@M‘Wafér%%Hl@morfb‘mer or

alternatively t fl'occul ants may be differen
veaiel $qlublaengmierblead. Bhwatarsoluie weoneamthaiide waterreluble

f t |

S Ea el borBBie nolRinRE MM ARSI SRR RS O at east 59

mm HOO ol ofi vater. Eﬂerpdlym@nmaif be freparedaodverientlyiby any suitable
ccul ants of the present invention nay be cationic,

é’ﬁ’y@?ﬁr@a 'ABRIYHSE- or anphoteric in nature. The choice

of polymeric flocculant will |argely depend upon the
susbstrate, which is being treated. For instance it is
Whﬁmmqowaw sekibteopelymenisgronienie tig pelymsr gray keforersddrom

B3 AR Lo LB AHARAR SHRERALERN BRRAbAbAEs, for

ance
$rhsia|rg&a actrylamee,tmemanqwamda hidreagethyl dcriistes rN}wmytpyrrolldone
use, eith aﬁtl oni, c ionic, anionic or anphoteric
ﬁref@&%w Om%&%nﬁ Ao 2RRYIARIGE: suspensi ons i s

frequently effected by use of anionic floccul ants. The
pol y é@ repared by pol ynmerisation of a water
é/bzshemtr@ Wa b?r polrmer issaniont therpalymsr imfasmed feyn one or

S et n iy s aliated Pbnsfioydhels @31 bighR, Fgg R more

\aqionic nfonatndregm’h e dmndnﬁ)ofrthe ngnmtsaar:ntc)nahﬁrsamfgned to
conveni en

PRy SEHE Shiop BRI STk ToTIBS e AR I metharRc

I} %lé’ie'a‘éld t<‘.:ii’ot8ﬁl'déﬂiﬁ:f lt%&m@%cfoo Vs dﬁrﬁiﬁ‘l@ﬁéd O&lly"8iiBhonic

wat ér sol ubl @ et hyl enically unsaturated nonionic

@cith Ra@ylafrmlo 2rivethytpsopane suphenic agigiangcsalisdhewef. A
fy&re%g %to%erqg ';cP(é %r?olylw'eybpyclq?%\ %lryl%r\ﬁlth 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

methyl chloride quaternary ammonium salts of dimethylamino ethyl acrylate.
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Preferably the polynmer is fornmed fromacryl am de. \Wen
the water sol uble polyner is anionic the polyner is

woaniswds®s om one or nore ethyl eni cally unsat ur RCeaP2005/002077

ani oni ¢ nononers or a blend of one or nore anionic
nmonomers with one or nore of the nonionic nononers
referred to previously. The agionic nononers are for
instance acrylic acid, nethacrylic acid, maleic acid,

qpet Crhgy bétllﬁ6§ﬂh°ch§f3t'héy h‘éVbeéH'pP@;Sé?b@ s@ﬁs&nt.auy in the

phoni ¢ acid, 2-acrylam do-2-nethyl propane
szbtsgmof:branclmngm cmsﬂmkmgeagﬁm Alterpativaly thedp@iymgreean be

balcdRai P osileRl ot BRHIEE ) Eheoherady VT o

is formed fromone or nore ethylenically unsaturated

cationi c nononers optionall ith one nore of the
ResiralydhebRST é“?léé% PF %Qﬁrg%\gbfé%‘?rﬁe P%ﬁ%e eqylgAN

Eelggﬁ@rsaﬁaw SHtRAaMEIABRBAIS 4 oRbpI di#@d?étﬁin th6k a2l e

om nant | nore cationi c gr oups t han ani oni c
dispepsion vﬁeolmer oarticleson aite A errwt:uveméhej palyrigr angynbe provided

B SR 75 ) AP kB

powder bynagaedus sdleti@opolyrierishtidn fbllowed oy (nmmmtmun drying
chl ori de., Pref g,wed cationi ¢ nononers, i

2856 BHRGPS o TN ERlEr ST oL R DRTHeSAS Bedsts by Suspension
gg{}ﬁrﬁéﬁélaﬁﬁh Bp a§tahbléteﬁ-ﬁf Mil @ﬁﬁll@(‘%’ oﬁdlgﬁéﬁi%n Wf@tlm&l

cry at e. partlcu ar | Yy re erred
enuliside potymerisapion yn@examp@cﬁq@pm@& wpmcetaseie\ﬁlaed@ly EP-A-

IR R T R BRI ay be [inear in that they
Igave Eeen prepared substantially in the absence of
ranchijn

Hds pﬁsw?asﬁfpré eridhetoa Seotd deselanidsdmadtird atrast 30%
?fﬁp e@bﬁi‘%%ﬁ&%m@eéﬂ mdRbinetd EVRA! MR préffrdiare polymers

reverse phase enul sion polynerlsatlon
opmpuamgl at leaﬂt O SOy by esight ssitionigengniraer wiits: & may ke

apglt%ﬁg $ 9&%0%7 #é%bﬁc{'@%rﬁ@%ﬁ&h@& gé@ gti gatlonlcmes 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 chloride, dialkyl
amino alkyl (meth) -acrylates (or salts thereof) and dialkyl amino alkyl (meth)-

acrylamides (or salts thereof).

As stated previously the second flocculant is desirably of relatively high
molecular weight. Normally the second flocculant will be a polymer that exhibits
an intrinsic viscosity of at least 0.5 dl/g. Typically the intrinsic viscosity will be at
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.
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in the formof beads by reverse phase suspension
pol yneri sati on, or as a powder by aqueous sol ution

weoabosrmesaseat i on fol |l owed by comm nution, dryi ngCame2005/002077

then grinding. The polynmers may be produced as beads
by suspensi on pol ynerisation or as a water-in-oi

emul sion or dispersion by water-in-oil enulsion

pol ynmeri sation, for exanple according to a process

%Flhﬁ%@l&%sﬁfofpo@@@%?ﬁray%% d%;térnQ ?1@5 %ycﬂreﬁéhr’&y an 466&8us

1S partlcu ar | Yy referred that he "second
spb@emo&ﬁne pelymer 8- % aviwhbapeden tm)%w Gratgm;of the
g@ yn?gr Rfé‘-’d 59% gpﬁ‘@{&‘? %qugv.f?é‘ dggr{%a tBH%‘?ﬁlﬂﬁ% Widmetric

onpri si ng
ﬂakk aithc0nmhon2iv sediuns chllotidesylutien diest is abfferetdctoqlwmy(usmg

ket Qe b ciyOiges oGBS i) 500 G ESHUROMEFO0RN 1 .

#)hohﬁheﬁé%?'hﬁfb loy dBioRfsRunpsteryii thBaviaé iPiited &E$RH 00 ml
[ occul ant polyner is selected fromthe group

AT ivegth d@omfsed aaternil be pfrinsie Macasibdesthemslymeisys sreasured

Oty Nl QbR o rndh
abkgibn( met h) - acryl am des (or salts thereof). As

stated previously the second flocculant is desirably
of relatively high nolecular weight. Normally the

ERfOpaHiELIaAE wsaml céﬂﬁdrﬁc p& ﬁlePWdé'%f’ ugé @bcmﬂ&mrﬁmcmdes
intrinsic viscosity of | east 0.5 . pi cal thyl
ai\{me

HAdoi100% hy Mtemtmetbyltthwdel qusderary amomum| saét of

3Pl SR8 BRI RIS 90ty TRl npipise i
vissosity bgtmm‘enpbbrydr&ﬁ dl/gayréferatsy ¢hercateshidpolpmep aompgises at
e R e
Gmethh UcPphterer solution is diluted to 100 m in a

volunmetric flask with 50 m of 2M sodi um chl ori de
solution that is buffered to pH 7.0 (using 1.56 g

@g%rg%ﬂé%ibwgél%%ﬂc ggggr%lﬂ&ﬁwﬂhqs fenshe }golg\i/iﬁﬂde{n‘fi'a]ne and
polyvinyl amines of intrinsic viscosity greater than 1 dl/g, preferably greater than
2 dl/g.

Another particularly suitable category of second flocculants is 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 dl/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.
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phosphate per litre of deionised water) and the whol e
is diluted to the 100 M mark with dei oni sed water.

wOheosins286 nsi ¢ vi scosity of the polyners i s nmeaeumens/002077

usi ng a Nunber 1 suspended | evel visconeter at 250C in
IM buffered salt solution. One particularly useful
cationic polyner type for useqigecond fl occul ant

i ncludes 50 to 100% by wei ght methyl chloride

RIS AR PBNANER S Bld séondiflREtht mmua%seﬁdiwanmew dially!

(meth) acrylate and O to 50 % by wei ght acr
|aﬁmmpn@ntcwsd©§f injrinsic Vieeosity gﬁatemaﬂ 08. dlér preferablyyat least
éfatl oni ¢ polynmer conprises at |east 80% net hyl
‘i de quaternary ammoni um salt of dinmethyl am no
et hyl (nmeth) acryl ate. O her suitabl e pol yneric second

G BPvRiara i sDsbradtng Yan GF acbigved Riehanipo Bllymers are

RIsBH ¥sahé ¥ebbifPiSéclld@n 2 dl/g. Another particularly
suitabl e category of second flocculants is Mannich

addi tion polyacrylam des. ldeally such polyners wll

TR R TP 3o g o
laeashbér cufrdlﬂeréhf grocéﬂ@ehs footgwatessingeyusbensiode Diie second

r.eact.in or mal d amn duct s

SBPS IRl eaaseRomR A e PCRHE N Svstems. It appears that
dheTBENDA @th@%e@bn@ﬂb@éuléﬂ%@ﬁf %e%@tj'“s%% emsigh eés?ﬂc)élly a

t he Mannich addition acrgaam des are quat er ni sed

dhirkeneghepwagssgluder| bilngé Fpoupun@pasiedy highi retpaskrof Wwater and

S8 g B Sl Agh kBB o 8 B g Rl

pudesbes, mnug aecordmgt m&hséumm édrw]llo@@mocl:mbg invehtisiewe provide
ol y di amoni um. chl ori de of intrinsic
aler P{? ?5@3 s hodkung CBMPPFIHON SpredWalsTing 2 Gak80YS 1

dLis@ension,

wherein the composition comprises a water-soluble or water swellable polymer

which is dissolved or hydrated,

characterised in that the aqueous composition has a Brookfield viscosity of

above 30,000 cps (measured at 20°C, RVT viscometer, spindle 6, 1rpm).

Particularly effective results are obtained though when the aqueous composition
is used as the second flocculant in conjunction with the first flocculant and

according to the first aspect of the invention.

The dose of aqueous composition depends on the substrate and usually this will
be a conventional amount. Typically for sewage sludge treatment the dose of
the aqueous composition (second flocculant) found to be an effective
dewatering amount is often at least 50 mg active polymer per litre of
suspension. Usually the amount would be higher for instance up to 400 mg per

litre. Preferred doses are between 60 and 300 mg per litre. The quantity of first
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Ef fective dewatering of suspensions can be achieved
when these polyners are used as the second fl occul ant.

woOno@/bsess her aspect of invention we find that PC&EP2005/002077

second floccul ant can be used in a nunber of different
processes for dewatering suspensions. The second
floccul ant nay be used alone ¢t with other
flocculating systens. It appears that the action of

tldecAasosed Wil GeubMbe @R kst 5O W@B&ﬂ/éﬂﬁ%ﬁ@? lenhtre of

especi ally a thickened sewage sludge, brings
we&m@@aw can e asehighss 210 Qlhs marper ditre. g’are‘éarmdedoses

%ch? H,g‘ll;éwm@'éﬁd %lorf?,ﬁ’pepmréonpa” son to

conve processes tS” acCording to this further
enbodlnent of invention we prOV|de the use of an

ueous occul an osi t terin
S&E@HEQOL'H%%&%EG iSRG s the f Wé% iR O e&&ta@@sswtably

FhivRdrRIc SUbehsien 36r M8 tRTent With tRE s8cH ﬁ(&%ulé@ﬂ' ‘Fi?efe*?ably the

di ssol ved or hydrated, characterised in th
fissi dlogeulaniip éssationie orgenis mRiysoRT | Enisl la/ma;tjoelaﬂy tr@e when the

S 39, Ao d TR 0 B YR8 L o
tsbteatemiefdomhbﬁgmummndlétmg&ﬁmqﬂamwms?Eo{)ﬁmyféﬁhldme
n, Wi efirs
PRV SR Rt Qipibbm RO shichdBepsy mings
Pawemwammﬂée ARmRicH! aye\a? aﬁumg&é@ﬂq@@@ﬁ%ﬁ.cﬂn

hé substrate and usual IS Wl a conventi onal
arbyaatylamigescal |y for sevvage sl udge treatnent the dose
of the aqueous conposition (second flocculant) found

to be an effective dewatering amount is often at | east
Fbe rigstartd seeopd flyoeulapermby be addéd Seqpenitsa'llgmndUﬁ weHitty case

bsialDi P Sooprd frrlent jo8aued B e agBRSBD TEF@nIgBnaga the
%ﬁe bfo%g ngétlﬁ?é; ggitﬂdgfe)d Q@(ggrlefllggﬁé At #gré%bcdﬁf ﬂo&dlaqts are
added in close proximity and preferably they are added substantlally
simultaneously. When the two flocculants are added in this way they can
desirably be added separately although in some situations the first flocculant
and the second flocculant are combined into a single composition with beneficial

results. -

Particularly effective results can be achieved when the first and second
flocculants are added to the sludge simultaneously but separately. Without
being limited to theory it is believed that the first flocculant results in flocculation
of the sludge and the undispersed polymer of the second flocculant becomes
trapped within the flocculated structure but does not bring about any significant
dewatering until the flocculated sludge is thickened and then by mixing the
polymer of the second flocculant is allowed to distribute throughout and

integrate with the sludge and achieve further dewatering.



suspensi on and can be as high as 500 or 600 ng per
litre. Preferred doses woul d be between 100 and 400 ny
weoenoslwsase. Vari ous pol ymers may be used as t heCTiEP(05/002077
flocculant in order to obtain a suitably thickened
suspension for treatment with the second fl occul ant.
Preferably the first flocculang is a cationic organic
polymer. This is particularly true when the suspension
ITheofieWng xahii@ & aPliebratiGfolat imintiorol ymers
i ncl ude polyners selected fromthe group consisting of
acryl am de pol yners, polyvinyl am dine, polyvinyl
am ne, poly dinethyl diallyl amronium chloride, poly
am nes, pol yethyl enei m nes, manni ch pol yacryl am des
and quat em sed manni ch pol yacryl am des. The first and
second fl occul ants may be added sequentially and in
whi ch case usually the second flocculant is added to
t he suspension first and al though the reverse order
may be enployed. Normally the first and second
flocculants are added in close proximty and
preferably they are added substantially
si mul t aneously. Wen the two flocculants are added in
this way they can desirably be added separately
al though in sone situations the first floccul ant and
the second flocculant are conbined into a single
conposition with beneficial results. Particularly
effective results can be achi eved when the first and
second flocculants are added to the sludge
simul taneously but separately. Wthout being limted
to theory it is believed that the first floccul ant
results in flocculation of the sludge and the
undi spersed pol yner of the second floccul ant becones
trapped within the floccul ated structure but does not
bri ng about any significant dewatering until the
floccul ated sludge is thickened and then by m xing the
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pol ynmer of the second flocculant is allowed to
di stribute throughout and integrate with the sludge

wanasaokeseve further dewatering. The foll owi ng egampk@®s/002077

is an illustration of the invention. Exanpl e Dewatering
of aqueous suspensions via a one-stage addition of
conventional and hi gh strengt3 organi ¢ pol yner

floccul ants Pol ymers Polymer Ais a linear, high
EQ?%EHJar wei ght, high cationic acrylam de based

of |ntr|nS|c V|sc03|ty 12 dI/g in the form of
arimoafediuenus susp 3 Vidl additionof conventional

éﬂ‘Féjdté'm nmol ecul ar wei ght,
ed di methyl am no

et hyI met hacryl ate of intrinsic viscosity 5 dl/g based
E(él@é]rg% in bead form Unless otherw se stated

ic viscosity is neasured using a Nunber 1
suspended | evel visconeter, in 1M sodium chloride
buffered to pH 7 in accordance with the information
aokymenmnammmshlghpmleaularrwgtghgdb@t calienipagrianidgpased

W&r Wk@?%ﬁgg égagﬁuﬁ?%l% %ﬁe sfg%"gF’EQ dgh%%ggdje"ﬂ'g@ﬁ’ (liquid

Qléﬁb@ﬁn pﬁod&cﬁSP’mlyE»abBBrmlnT%zr lpwo orediiume n@wlccmnewetginge

addi tion of oI v A was first

Gt DamopalvnsY ox Auelervied Ay Jaing SibHBehesyiate sl
ML 25%\/ rior to

Highsigutbban 5%8‘&% e B R e et or £

gi ve two honogeneous sol utions of 1% v and 20%w v.

[hfest Gy Sl il Ri¢ VSRR, 6 rebitbdtdifly b
dugmsiided, leval xestonteteraimy Mcstold\um etiloslhacbglé‘evwstomlﬂded in

allitre plastic beaker éﬁlZOc dl aneter by 120cm
{agq:qrpanqg g/ttgﬁl&%p’@oqngﬁggnagl rylnt e description.

Test substrate

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

primary/activated sludge. The sample had a dry solids content of 3.28%.

Experimental procedure

(A) One-stage addition of polymer(s)

i) Polymer A was first dissolved in deionised water to give a
homogéneous 1% wi/v solution and further diluted to 0.25%w/v prior to
use. Polymer B was dissolved in deionised water to give two
homogeneous solutions of 1%w/v and 20%w/v. The 1%w/v solution was

further diluted with deionised water to 0.25%w/v prior to use.
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stirrer was secured over the beaker with the stirrer
shaft located through a hole in the centre of the

woealsawsissd. The stirrer is a four bl aded, fl aPCT/EP2005/002077

crosshead type (each paddle is 25cmw dth by 1.1cn).
iii) The appropriate volunme of a 0.25% sol ution of
Pol ymer A, and a 0. 25% or 20%4gsol uti on of Pol yner B,
wer e added sinultaneously to the sludge using a

syri n@)ocﬁm Hﬂ% d@ye%téc?%k@& pﬁﬁﬁa?ﬁﬁctﬂ%@é’d?élud'%r@ el %d@w ina1

was f l'ate trrring a rpm for 10s. e
f | occlitrapledtic baalg@ (r2ecrpsiigraater Ry d 28k fail}. £ stgndas Ipboratory

whi ch_had a fi [

ai arerireryges S Bid BFPE Eoo L HRA 152 S8 yrRf{Togated througn

gol | egtheld i 1rr]1r’thé r(]:@ﬁ’sé o '(tjh“tgtl)e%ﬂeir lideThe stirrerdbtagfouBbimded, flat
ralnaget e thickene u retal e filter

cl ot hogsheRshyeed(Eack BaIeTEEP B IGH e SHAMue

wher eby a spatul a was slowy drawn across the | udge

in several directions to encoura}ge rel ease of nore
wat er ii) Fhe eppropyiatesoloare ¢feai0 260 s@utionsf Polyaard). ang a

! o A A Al S o

45? wklubige usglﬁtalhﬁlng&amgthe |iel smoured ’rocbhleareaker dihegsludge was
e UM BO B S e S
conpr Bé&‘eﬁqnﬂe‘%{"ﬁﬁr%ilbﬁ‘%eﬁtvﬁ%h hEg eI Ry | 'nﬂhgnmecéﬁﬂﬁpﬂg ifg an

using a pressure o Opsi for 2 mnutes, followed by
i ncr e&sm@mﬁe@;ﬁ@ﬂt-prass Biter alothuard the irete eollepted ip a
further m nutes to a maxi mum of 60psi. Pressure was

mai nt 51%?38“'&% C%Ifﬂﬁj?r for a further 5 ninutes, giving a
total conpression dewatering tinme of 10 rri nut es The

\év:: e::% f}@é? %92. %?gh’gge ’?hrzadthﬁcrl](gngg léleudﬁ;glr}e ainec on f||¥var cloth
was subjected to a ‘furrowing' technique, 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 transfetred 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.
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heating at 1100C overnight.(B ) One-stage addition of
pol vier (s) excluding m xing of the thickened sl udge.

woheospossedur e was exactly the same as that deBcCTiEpe®s/002077

in Section (A) except: Section v) was onmtted (C)

Control - Addition of high strength solution polyner

in a two-stage process The prigedure was as that given

in Section (A) except: Section iii) - the appropriate

vol une of a 0.25% sol ution of Polymer A was added to

t he sludge using a syringe and the |lid secured to the

beaker. The sludge was floccul ated by stirring at

123G RAGEL Bfion BB flAERMIR] MG YPheRAttEed sludge.
onm—CcTerT COmprTsSTriTg dit ST ar arret er

belt-press filter cloth and the filtrate collected in

a neasuring cylinder. Section v) - _the, thi.ckene .
sl udg&NRE0 %W@P%Cﬁbﬁ? 5?5'0%‘?‘3 g@%@spn i Section (A)

appr oggdee vol ume of a 20% sol ution of Polymer B was
added using a syringe into the thickened sludge. To
mx in the polyner the treated thickened sludge was

stirrgd b for.45s with a spatula, using a slow,
ci rcusgptlélrb\%gpgﬁoﬁﬁttt?dgn. Results The results are given

in Table 1Table 1 Data set 1 and 2 represent
entional addition of dil ute.pol Irnar solytions to
Coantral HitioR0 SOl . grin a two-stage process
conventional treatnent, additional mxing of the
t hi ckened sl udge éﬁSet 1) has an adverse effect on cake
Jbkipteceshng avascas hahgivetdn Beetieh (AMiskcegt: (Set 2). Data
Sets 3 and 4 show that inproved cake solids can be
achi eved by adding a

Section iii) — the appropriate volume of a 0.25% solution of Polymer A

was added to the sludge using a syringe and the lid secured to the
beaker. The sludge was flocculated by stirring at 1500rpm for 10s. The
flocculated sludge was poured into a filtration cell comprising an 8cm
diameter belt-press filter cloth and the filtrate collected in a measuring

cylinder.

Section v) - the thickened sludge was transferred to a 250ml beaker. The
appropriate volume of a 20% solution of Polymer B was added using a
syringe into the thickened sludge. To mix in the polymer the treated
thickened sludge was stirred by hand for 45s with a spatula, using a

slow, circular folding action.
Results

The results are given in Table 1



10

15

high strength solution at the first stage (Set 3) and
that this is just as effective as adding a high
wennwrgsase sol uti on at the second stage (Set 4)PCraiPam®s/002077
1. A process of dewatering an aqueous suspension
enpl oying a flocculating system conprising treating
the suspension with a flocculygting anount of a first
fl occul ant and a dewatering amount of a second
{-5[9 clu! ant, and subjecting the suspension to

Tk

thi-ek

i cal

nina of

t

ocLcocRrane

dewatering to forma cake,
first floccul ant brings about floccul ati on and assists

|

wherein the

n-ng—ef—the—suspenstonapdthe—second-figccutant
PR3 hdr d ﬁ%tters;hpcﬂlémgﬁ'g‘pefé'}rur?, char ac;pédlng'tjgi n that C2Ke
t&e secpRgefliRCCUl adsd S RVORINGS 1 TVSSIMG/IPT  WSoRltion solids(%)
swel | abl e polynger that is|mxed iinto the suspensjan, in
the formof an aqué®gd) coppdBiki on conpri sif §gength(w/v)
ti-ssotved—or—hydratggy pot ymefgTayi g Brookf i ghdo, 14.73
w@com ty of above gg‘?ooo CSI;SOE measuﬂg(c)i at 2(1)@,23@1'
vi sconet er A spi ndl e260 1r pm1582. |A pribBess|accd28lng 15.60
toclaim1lin ich e agueQus susp ion|is e
sludge. 3. A procesgbgccordi to cl gﬁﬁn 1 or C@gyr%/%gz 15.92
TTh Whiich the mechanbggl deWefg@r 1 g €ApPHOYS [an 0.25% 16.07
apparatus selected fromthe group consisting of belt
press,| filBer pfless208crew ptaéss |and18@ntriifug@25% A | 16.86
procegs according t gny Df ins 1 3.in wyi %t%the 17.60
second floccul ant h 8 a pplymer concéentration above 29 ]
bys weilght, preferabbgobetween 5 and 26 5| A R06ess 19.58
according to any of clainmg 1 to 4 in ichithe second
f1 occyl ant Ahas a4 Br88Rfi el d Wkscosi tﬂwﬁf betvvee%)/% 20.72
100, 0Q0 and 800, 0002293 (measggy ed at 1860C, |RVT 209, 21.99
vi sconeter, spindle 6, 1rpn).
4 200 156 75 20% 20.26
C 200 - 100 20% 21.42
200 - 150 20% 21.64

Data set 1 and 2 represent conventional addition of dilute polymer solutions to

sewage sludge. The results show that, with conventional treatment, additional

mixing of the thickened sludge (Set1) has an adverse effect on cake solids

compared to no additional mixing (Set 2).

Data Sets 3 and 4 show that improved cake solids can be achieved by adding a

high strength solution at the first stage (Set 3) and that this is just as effective as

adding a high strength solution at the second stage (Set 4).
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6. A process according to any of claims 1 to 5 in
whi ch the second flocculant is cationic. 7. A process

waceoesrds2sg to any of clains 1 to 6 in which thecsaezmwd002077

flocculant and is formed fromat |east 30 % by wei ght
cationi c nononer or nononers. 8. A process according

to any of clains 1 to 7 in whizch the second fl occul ant
is selected fromthe group consisting of cationic

@%h%g_cryl ani des, polyners of dialkyl diallyl amonium
i de, dialkyl amno alkyl (meth) -acrylates (or
$al t sAtphecassfof demdtering &y agaedusosuapiepsion employing a

nmet h),- ac i d . l,. . O .
RSBk HESE8 il iREERy
%ﬂln/@g ﬁﬂd)faélgirslﬂ ﬂg?an%ﬁtlﬁrfdildloe%\n?wria%mmgmtmﬁ aatecbad fibculant, and
, prefera 0 . . [
SublEetinashe auapRRsian & TSChAN GR AMatRENG I G 7 FakoOMATEn the
?r%t ﬁS%&fférﬁ%r@gg MbblEf StcRRioR UMl Sdsidld tiikeriing 6f el su’Bension
or me rom to 100% by wei ght nethyl chloride
gucthey seconddinronianhiustiier dewvatéirsiensusRaRnsied et hy |

b ecet ) B oA S Dot sl P B PRI B ducravi
el@lglzﬁfg ;n%(ét i@i’ﬂii@@tzdmtc?tgté ﬂtlﬁpglloli/sibpllin te foem affani adueousi c

reater [
BomRaRHP RO OSSR piAeH OS] TR, BrooKiei
Vi!sé?%fs}/l 6fyab%'§/8%‘oeéoc{§tg§pgn4eéﬂdr@d afPePa, \AV P9lskofietd! Syihdle 6,

dira ammoni um ¢ de of intrinsic viscosity
grppa er than 0.5 dl/g. 11. A process according to any

Lt | o e o (el 1R Suribd o A0 HBbensiortis
sewage sludge.

3. A process according to claim 1 or claim 2 in which the mechanical
dewatering employs an apparatus selected from the group consisting of belt
press, filter press, screw press and centrifuge.

4. A process according to any of claims 1 to 3 in which the second
flocculant has a polymer concentration above 2% by weight, preferably between
5 and 20%.

5. A process according to any of claims 1 to 4 in which the second
flocculant has a Brookfield viscosity of between 100,000 and 800,000 cps
(measured at 20°C, RVT viscometer, spindle 6, 1rpm).

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

7. A process according to any of claims 1 to 6 in which the second
flocculant and 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 second
flocculant is selected from the group consisting of cationic polyacrylamides,

polymers of dialkyl diallyl ammonium chloride, dialkyl amino alkyl (meth) -



12. A process according to claim 11 in which the
polyner is selected fromthe group consisting of

waanoslassde pol yners, polyvinyl am di ne, pol yvPayiEP2005/002077

am ne, poly dinmethyl diallyl anmmoni um chloride, poly
am nes, polyethyl enei m nes, manni ch pol yacryl am des
and quaterni sed manni ch pol ya¢8yl am des. 13. A process
according to any of claims 1 to 12 in which the first
fAcPRStas 38t safttheroPshd diakgHhmiHo ake (AfkeKacrylamides (or salts
substanti ally sinultaneously. 14. A process according
ithergaf). of claims 1 to 13 in which the first floccul ant

d sec t ' [ i
Srmod B105ess LR toBng of BN A ol nuich s Eeond
floopulant hasah itricsesiseositygofaat |eapt €chudl/g usetenablpd, to 10 di/g.

jtion co [
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hvee@bRts sehrtaffremi the@rolp thadistindeofaqueous

conposition has a Brookfield viscosity of above 30, 000

Cps. ( ReBabEr dermReiEaIRED 101 A0ShBY eveidimelybotoride
quuBernary ammonium salt of dimethyl amino ethyl (meth) acrylate and 0 to 20%
by weight acrylamide of intrinsic viscosity between 4 and 10 dl/g,

i) polyvinyl amidine and polyvinyl amines of intrinsic viscosity greater
than 1 dl/g,

iii) quaternised salts of Mannich addition polyacrylamides of intrinsic
viscosity greater than 1 dl/g, and

iv) poly dimethyl diallyl ammonium chloride of intrinsic viscosity greater
than 0.5 dl/g.
11. A process according to any of claims 1 to 10 in which the first flocculant
is a cationic organic polymer.
12. A process according to claim 11 in which the polymer is selected from
the group consisting of acrylamide polymers, polyvinyl amidine, polyvinyl amine,
poly dimethyl diallyl ammonium chloride, poly amines, polyethyleneimines,
mannich polyacrylamides and quaternised mannich polyacrylamides.
13. A process according to any of claims 1 to 12 in which the first flocculant
and second flocculant are added substantially simultaneously.
14. A process according to any of claims 1 to 13 in which the first flocculant
and second flocculant are combined into a single composition.
15.  Use of an aqueous flocculant composition for dewatering an aqueous
suspension,
wherein the composition comprises a water-soluble or water swellable polymer
which is dissolved or hydrated,
characterised in that the aqueous composition has a Brookfield viscosity of

above 30,000 cps (measured at 20°C, RVT viscometer, spindle 6, 1rpm).



