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25 floccu ation suspensrons 1s tly effected
by usé¢0of floatulatel studdexcsudhead sewagye sﬂ:dgbamdataimateas,ﬁeztﬂeummm y polyners as

‘aqueous CO%POe?IItst Irgdn ?nudO frf)rlnO eLgayer Alumina process and suspensions of coal
tailings etc. Flocculation is usually achieved by mixing into the suspension the
flocculant, allowing the suspended particles to flocculate and then dewatering
the flocculated suspension to form a dewatered cake.
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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

20 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

25 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
30 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.



suspensi ons contai ni ng suspended organic material. Generally the 30 |
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viscosity cationic polymer which is a convenient way of providing high molecular
15  weight flocculants. The dispersion polymer can be dissolved in water to a

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

20 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.

25 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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substantially sinmultaneously. Both the concentrated and diluted sol utions of
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coagulant in which the coagulant is encapsulated. After free drainage of the

suspension the coagulant is released into the suspension for example by

rupturing of the capsules which enclose the coagulant or by migration from a

15 matrix in which the coagulant is entrapped. Although significant improvements
in cake solids can be obtained it would be desirable to provide equivalent or
improved cake solids using flocculant products that can be more easily

manufactured and/or applied.

20 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-

25 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
30 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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polymer that is mixed into the suspension in the form of an aqueous
composition comprising dissolved or hydrated polymer having a Brookfield
15  viscosity of above 30,000 cps (measured at 20°C, RVT viscometer, spindle 6,

1rpm).

The invention is applicable to any suitable suspensions in which it is desirable to
concentrate the suspended solids. This includes waste waters, and textile

20 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

25 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

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



In the dewatering processes the suspension is first thickened follow ng the

25 addition of the first flocculant. This stage involves the initial
f1 occul atWB8rR%85286¢| ease of free water to produce the tRrEEBHEHQEhensi on.

Generally the release of free water may be achi eved by free drai nage or
filtration and it is comon to enpl oy nechani cal neans such as a belt
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and distributed throughout using conventional mixing equipment. Suitable

15 mixing equipment includes for instance ribbon type mixers or kneading mixers.
Ribbon type mixers eonsist of helical or spiral mixing blades that sweep across
nearly the entire surface of the mixing vessel. Kneading mixers consist of two
kneading arms that intermesh as well as form a close tolerance to the mixer
wall. Altemnatively the second flocculant can be distributed throughout the

20 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.

25
Preferably the second flocculant is an agueous composition comprising either
dissolved and/or hydréted 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

30 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



dewatering wll involve conpression and can for instance be any of belt
press, filter press, screw press or centrifuge. Wien this treated thickened
suspensi 80 2005/0%28p ect ed t o nechani cal dewat eri ng unexpeaTEERr29031003677Cc ak e
solids can be achieved. 25 Preferably the second flocculant is an agueous
conposition conprising either dissolved and/or hydrated polyner. Mre
preferably the aqueous conposition wld conprise at |east 2% by wei ght
polymer. Generally the polyner concentration would be at |east 5% and often
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The first and second flocculants may be any suitable natural or synthetic

15  polymeric flocculant and typically will be high molecular weight. Natural
polymers include for instance cationic starch, anionic starch and chitosan etc.
Synthetic polymers include linear, branched and cross-linked polymers of
ethylenically unsaturated monomers. The first flocculant may be the same as
the second flocculant or altenatively the two flocculants may be different.

20  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,

25  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
agueous suspensions comprising suspended organic material, for instance
sewage sludge. In treating paper-mill waste it is known to use either cationic,

30 nonionic, anionic or amphoteric flocculants. Flocculation of mineral

suspensions is frequently effected by use of anionic flocculants.



Synthetic polyners include |inear, branched and cross-1linked pol yners of
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20 Usually the polymer of the first flocculant and second flocculant wll be
of nol ecul ar weight in excess of 500,000, usually at |east one mllion and
normally 5 million up to 30 million. THe first and second floccul ants of
the present invention may be cationic, 25 anionic, nonionic or anphoteric in
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Whén the water sol uble polymer is anionic the polynmer is formed from one or
nore ethylenically unsaturated anionic nononmers or a blend of one or nore

When the water soluble polymer is anionic the polymer is formed from one or
more ethylenically unsaturated anionic monomers or a blend of one or more
anionic monomers with one or more of the nonionic monomers referred to

15  previously. The anionic monomers are for instance acrylic acid, methacrylic
acid, maleic acid, crotonic acid, itaconic acid, 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.

20 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)

25 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

30 methyl chloride quaternary ammonium salts of dimethylamino ethyl acrylate.



ani oni c nononers with one or nore of the nonionic nononmers referred to 15
previously. The anionic nononers are for instance acrylic acid, nethacrylic,
aci d, naMeQ 20050P¥86 cr ot oni ¢ acid, itaconic acid, vinylsRGINER0ES/M2E, allyl
sul phonic acid, 2-acrylam do-2-nethyl propane sul phonic acid and salts
thereof. A preferred polyner is the copolyner of sodiumacrylate with
acrylamde. 20 Preferably the water sol 8ble polyner is cationic and is
formed fromone or nore ethylenically unsaturated cationic nonomers
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15 Itis particularly preferred that the second flocculant is formed from at least 30%
by weight cationic monomer or monomers. Even more preferred are polymers
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

20 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).

25 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 di/g but preferably will be
between 4 and 10 dl/g.

30



enul si on pol ynerisation, for exanple according to a process defined by EP-A-
150933, EP-A-102760 or EP-A-126528. 15 It is particul arl¥) ir?‘ﬁr_red t hat the
second f1 YA ?8% formed fromat |east 30% by wei ght CAERO% Y honer or
nmonomers. Even nore preferred are polyners conprising at |east 40 or 50% by
wei ght cationic nononer units. It may be desirable to enploy cationic

pol yners having very high cationiciti es,9for instance up to 80 or even 100%
cationic nononer units. It is especially preferred when 20 the cationic
second f | odotrinsin visodsityeof n%yraensevawefciéﬁaﬂmined HYRIBPHMG PBLEAGNGOUS cat i oni c
pol yacryl am des [ k3l i ki i di al kyl

am no al ky|S°?‘ﬁé%§%§§‘i}f'B§'fe@d§‘§% }é}é‘f'f @&%‘%}c}é{;gy@?%\@%ﬁg{eﬁ%@% no al kyl

(met h) - acrydipibiesg OPthis @.5-3% pelyaet soludibnAs dikttatied 100a¥i PUSVYutEriecond
flocculant is desirably of relatively hig nmol ecul ar wei ght. Normally the

h
second f | ocftaskawith &P Iml’ of M spditgmehlorige sokyian dhatds byfferast {0 pidi7c0 (Wsin@si ty of

dug, and of LaR 4 foelififirobeh Bfosthas Bl s BRIl vaBed | W7 be
between 4 asitbsphath par litP olRiBAIBEY ARfEG GNAGRE RRIO T GNREd To tH: 100 miInsi ¢
viscosity of polyners may be, determ ned by preparing an aqueous sol ution of

t he pol ymermatk with deicnisgd watesqd ! e intrirsia viscoaityehiheRolynersis measysdr . 2 g

of this 0.5-%.9 I i 1 I 1 tric flask
wth 50 ni SindpHBE 1 SRR fespflintiimbtet B 30T T AMrotBl SR i g
5 1.56 g sosblutiordi hydr ogen phosphate and 32.26 g di sodi um hydrogen

phosphate per litre of deionised water) and the whole is diluted to the 100
M mar¥ with deionised water. The intrinsic vi scosity of the polyners is

ggf‘f ur §g| u&éi&% ?Ja?tidﬂl'éﬁ%ﬁﬁséfuﬁéh‘ﬂ&ﬁ&ﬂﬁéiyﬂn@ B/pe‘ior 68EREESNd floddffantindiubkguf f er ed
50 to 100% by weight methyl chloride quaternary ammonium salt of dimethyl
amino ethyl (meth) acrylate and 0 to 50 % by weight acrylamide of intrinsic
viscosity between 4 and 10 dl/g. Preferably the cationic polymer comprises at
15 least 80% methyl chloride quaternary ammonium salt of dimethyl amino ethyi

(meth) acrylate.

Other suitable polymeric second flocculants include polyvinyl amidine and
polyvinyl amines of intrinsic viscosity greater than 1 dl/g, preferably greater than
20 2dl/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 di/g.
25  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
30 sulfate.



10 One particularly useful cationic polynmer type for use second fl occul ant
includes 50 to 100% by wei ght nmethyl chloride quaternary ammonium salt of
di met hyl WQ2R0589886y| (neth) acrylate and O to 50 % by \A{QT@IFRZOWWHM de of
intrinsic viscosity between 4 and 10 dl/g. Preferably the cationic polyner
conprises at 15 | east 80% net hyl chloride quaternary ammoni um salt of

di methyl amino ethyl (neth) acrylate. dher suitable polyneric second

fl occul ants include polyvinyl am dine and polyvinyl amnes of intrinsic

vi scosity phetHetisuithble polythégas fiecéeson flocgulaat cludespol didettilyl giallinot her
particularly suitable category of secaopnd floccul ants is Mapnich addition

pol yacr yl agfnieaniurmgeieride §8@H"}ﬂﬁ \j'l?ﬁ?%&/ﬂrﬁﬁteé a0 difg.inreterally @t {gast osi t y
greater tqgﬂ/ 1 dl/g and quite often can be at least 4 dl/g, for instance at
| east 7 or 8r/g. 25 Such polyners may be made by reacting formal dehyde /
am ne adducts with polyacrylam de. The am ne may for instance be

di met hyl a e or qQther , segondary .am nes, Preferably the Manni ch addition
pol yacrdI %&E@V% %wa@glgg@? §P§B@¥ ong can kg apﬁ@g/@%aw{ﬁru eabimersArgy

reacting th 8 W (Wi th a suitable quaternising agent such as
met hyl chl org?‘?jégo?@iéﬁ%? y sul fate. WD 2005/ 095286 PCT/ EP20051002077

10 Anot her suitable polyner as the second floccul ent includes poly dinethyl
diallyl a ium chlorjde of intrinsiG, viscosit reater th 0.5.dl /g,

or of et abl y s HgiiaspectpY igVentigh e HRd HatBR SespidJoBruIht saihte Ba8d Mn e
achi eved WagiuriberSst difdreAEpDCcatSes foF edwaterindesuspepsibnk! dteldatdhd | N a
further asgect of invention we find that the second floccul ant can be used

in a Minb8ecasartmay pensegralens sewith etherdlogcualating systepis sit eppearstibakecond

the action of the second flocculant on a thickened suspension, especially a
thickened sewage sludge, brings about unexpectedly high release of water and
can generate extremely high cake solids, by comparison to conventional
processes. Thus according to this further embodiment of invention we provide

15 the 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

20 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.

25
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

30 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



10 fl occul ant may be used alone or with other flocculating systens. It
appears that _the action of the second flocculant on a I pensi on,
especi aIW§)2<§’0°IP%?§§kened sewage sl udge, brings about uneigg@{i’g®%&0%#3h

rel ease of water and can generate extrenely high cake solids, by conparison
to conventional processes. Thus accor diﬂg to this further enbodi nent of

i nvention we provide 15 the use of an aa eous floccul ant conposition for
dewat eri ng an aqueous suspension, wherein the conposition conprises a

wat er - sol ufidceulant waed wik wetalbbe aplelagh®® mawactiie palymies per litke obr hydr at ed,

characterised in. t. the aqueou 0SJ A a Br field viscosity of
20 above 3WWSQBM%B?%&%{9€§%§&F@IM\W @(Qgﬁtj@?; %%F‘?{H?Aeg%s,eslrpm.

Par ti cul arfypurf Bebétwen’ F30hh@ 480en@Bbelit@d t hough when the aqueous
conposition ' is used as the second flocculent in conjunction wth the

first flocculent and according to the first aspect of the invention. 25 The

b a g olgaits POTTER, M b RRERES 8 ritsd Bootiiadt i Fadlb AN A SutdBiose. of
t he aqueouthiskemedsubpension faarshtilent withahe setond flotculigt. Prefdrbbltthee

dewat eri ng_ampunt is often at |east 50 active polynmer per litre of 30
suspensi onfirstdoegulgntisa catisnistoragnicabemes. gHis Is partichliarlyire wpendhaoo ng per

litre. Pre ed: n i T tity of
st vo SOOBESiEs Sedidas hiags shssea cnRhdiiinets iefacltiviell 1Y 0
at | east 5§e|egteddt¢1md1@grqmp fonsistidrigaafra:rylamicktjp@gnmgs;rpcawjnyi!%iumo?azogi gh as
500 or 600 per ljtre. eferre ses \Wwou e bet ween, an

per 1it4 e.PéJrgngvh QfUEE‘epBPD’ré %Mﬁ‘%@f}ﬁ@@wr&@"t Hde QPYW\B?W, ant in or(rjrgr

to obtain gosEinyfdNelmines, mannich polyacrylamides and quaternised mannich
polyacrylamides. '

The first and second flocculants may be added sequentially and in which case

15  usually the second flocculant is added to the suspension first and although the
reverse order may be employed. Normally the first and second flocculants are
added in close proximity and preferably they are added subsfantially
simultaneously. When the two flocculants are added in this way they can
desirably be added separately although in some situations the first flocculant

20 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

25 being limited to theory it is believed that the first flocculant resulis 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

30 integrate with the sludge and achieve further dewatering.



t hi ckened suspension for treatnment wth the second flocculant. Preferably
the first flocculant is a cationic organic polyner. This is particularly
true whefnVQR®S/0888Hensi on i s a sewage sl udge. Preferredlﬂévpﬁﬁpﬂmﬁﬁvyners

i nclude polyners selected fromthe group consisting of acrylam de pol yners,
pol yvi nyl am dine, 10 polyvinyl amne, poly dinmethyl diallyl anmoni um
chloride, poly amnes, polyethyleneinndg, mannich pol yacryl ani des and
guat er ni sed manni ch pol yacryl am des. The first and second fl occul ants may
be added sd&hedoliowingyexample is ahilkistratior of the ingertidry t he second fl occul ant is
added to the suspension first and although the reverse order may be

enpl oyed. Normally the first and second flocculants are added in close
proximty and preferably they are added substantially sinmultaneously. Wen
the two flocculants are added in this way they can desirably be added
separately al though in sone situations the first flocculant 20 and the
second flocculant are conbined into a single conposition wth benefici al
results. Particularly effective results can be achi eved when the first and
second flocculants are added to the sludge sinultaneously but separately.
Wthout 25 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 fl occul ant beconmes trapped within the floccul ated structure but does
not bring about any significant dewatering until the floccul ated sludge is
t hi ckened and then by mi xing the polyner of the second flocculant is
allowed to distribute throughout and 30 integrate with the sludge and

achi eve further dewatering. WO 2005/ 095286 PCT/ EP2005/ 002077 12 The
following exanple is an illustration of the invention. WO 2005/ 095286

PCT/ EP2005/ 002077 13



Exanpl e Dewat eri ng of aqueous suspensions via a one-stage addition of
conventional and high strength organic polyner flocculants 5 Polyners

Pol ymer Awoxoes/d9szssar, hi gh nol ecul ar wei ght, high cati opeERSOY VGG HOe based
pol ymer of intrinsic viscosity 12 dl/g in the formof a dehydrated enul sion
(liquid dispersion product). Polymer Bis a linear, |ow -nedium nol ecul ar
wei ght, 10 cationic honopol ynmer of quat ¢gnised di methyl am no et hyl

nmet hacrylate of intrinsic viscosity 5 dl/g based polyner in bead form

Unl ess oth gﬁiﬁ%stated intrinsic viscosity is neasured using a Nunber 1
suspended isconeter, in 1 Msodiumchloride buffered to pH 7 in 15
accor dance Dawdtert WHoUBtSUSpensivns viam bhe- adgdition of chesentionbbt r at e
Dewat ering tests mere conducted on 3 sanglg of a digested, mxed 20

pri mary/ ac@ndhigdyste R orgame belymerdlogey dry solids content of 3.28%
Experimental procedure (A) One-stage addition of polymer(s) 25 i) Polymer A
was first dissolved in deionised water to give a honogeneous 1% w v

sol uti of amrdlymersher diluted to 0.25%wlv prior to wuse. Polyner B was

di ssolved in deionised water to give two honobgeneous solutions of 1 %W v
and 209/ v. The 1 %W v solution was 30 further diluted with deionised water

to 0. 25%W paRimér A §a iRkar wgn%ﬂafdc%e‘imggr&cmgﬁ%&@w&&%h.dé%asba 250 m of

a di gested, xed primary/ I vated sl e was placed 1h a tre plastic

beaker ( 12@omrmrmfmtensnbwnsp@e¢yrﬂZazll/g)m thre &rmmfaa dehydratest enylisian (liquig was
secured Ov%irsptepsefor? ;%rokcFuct)\MPtoR/mer ISSt é thlgér FOV\? %ed%ﬁmoqecurférovldglght

10 cationic homopolymer of quaternised dimethyl amino ethyl methacrylate of

intrinsic viscosity 5 dl/g based polymer in bead form.
Unless otherwise stated intrinsic viscosity is measured using a Number 1
suspended level viscometer, in 1M sodium chloride buffered to pH 7 in

15  accordance with the information given in the description.

Test substrate

Dewatering tests were conducted on a sample of a digested, mixed
20 primary/activated sludge. The sample had a dry solids content of 3.28%.

Experimental procedure

(A) One-stage addition of polymer(s)
25

i) Polymer A was first dissolved in deionised water to give a
homogéneous 1% wlv 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

30 further diluted with deionised water to 0.25%wi/v prior to use.



a hole in the centre of the beaker lid. The stirrer is a four bladed, flat 5
crosshead type (each paddle is 25cmw dth by 1.1cn). i1ii) The appropriate
vol ume of WO 003898860l uti on of Polynmer A, and a 0. 25% orpCO¥Pm0b/06200n of

Pol ymer B, were added sinultaneously to the sludge using a syringe and the
lid secured to the beaker. The sludge was 10 floccul ated by stirring at
1500rpm for 10s. The floccul ated sludgeqwas poured into a filtration cell,
which had a fil ter menbrane, conprising an 8cmdianmeter belt-press filter

cloth, and the j Mﬁﬂ%f%ocgg b AniXdbrinTRgPadtiy A SMddRs plbddih 41 e 30S

dralnagethethlc ene e retaine lter cloth was subj ected to
“furrowi ng' t ke plagiie besker €la0cm dlpmeherabw@%O@n dall)yA slardarddaberatoryhe

I d d t t f
nae e e ot St wES Sedid el HES bR wifiL 8 fin®r shARiceatge Hrpughc” O M
t hi ckened sl udgg H@ﬂ’élﬁﬂ@l?érﬁfer&‘C{hé%eaké’ﬁth%@r|§Q%l§¢bléﬂ@&'ﬂ%ﬁ( hand for

45s with a spatula, using a slow, circular folding action. vi) The thickened
sl udge Has t hencrassheadtypsi Qa@h@add!ﬁﬁﬁﬂbwﬁthlbvﬂcécm)w and subjected to a
conpressi on dewatering stage. Dewatering was comenced using a pressure of
20psi for 2 mnutes, followed by increases of 10psi, at one mnute

intervals, for g frhbtémjroﬁnéfewmﬁebﬂa@ 25m>solutionadf Fdhaaer APBRGSUr € was
mai nt ai ned at 60p5| for a furt mnutes, giving a tota corrpre55| on

dewat ering tine ﬁ@@f@dmﬁelﬁt'oﬁﬁépgly%te’ ware apsledsimyltaneusly fathec ake
sol i ds content %ﬁg%@fswgﬁngé( anfl l(?ge@ﬂreéjtgﬁé’ﬁgé LO%he s )N&(g%%éé 095286

PCT/ EP2005/ 0020 -stage additiron of polyner(s) exc ng m Xi ng
of the10hi ckeneflostuldige. by stirring at 1500rpm for 10s. The ﬂocculated sludge was

poured into a filtration cell, which had a filter membrane, comprising an

8cm diameter belt-press filter cloth, and the filtrate collected in a

measuring cylinder.

15 iv) After 30s drainage the thickened sludge retained on the filter 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.

20
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

25 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

30 wet cake was removed and the cake solids content was determined by
heating at 110°C overnight.



5 The procedure was exactly the sane as that described in Section (A

" except: Section v) was omtted 10 (C) Control - Addition of high strength
sol ut i on WORYWHMVSIEM a two-stage process The procedure WAST/BB20058920%1 ven in
Section (A) except: Section iii) - the appropriate volunme of a 0.25%
solution of Polymer A 15 was added to the sludge using a syringe and the
lid secured to the beaker. The sludge Was floccul ated by stirring at
1500rpm for 10s. The floccul ated sludge was poured into a filtration cell
conprising an 8cm dianeter belt-press filter cloth and the filtrate
collected in a neasuring cylinder. 20 Section v) - the thickened sludge was
transferred to a 250nl beaker. The appropriate volunme of a 20% sol ution of
Pol yner B —o-o ki o ] é?u&iﬁn]i' I%% f& Ldoae SI-LI;B yix in

t he pol yne & 3

spatula, using a 25 slow, circular folding action. Results The results are
given in Table 1 30 WD 2005/ 095286 PCT/ EP2005/ 002077 16 Table | Data Test
Pol ymer 5 A Fi | t r Ahe preggduse wasceaxactly the sams AbdegaribeghinRction&) ny/ 1)

Sol uti on solidsé%;&) (mg/1) (M) strength(wv) 1 200 160 100 0.25% 14.73 A
200 158 150 0. 2505 60

Section v) was omitted

10 {(C) Control — Addition of high strength solution polymer in a two-stage process

The procedure was as that given in Section (A) except:

Section iii) — the appropriate volume of a 0.25% solution of Polymer A
15 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.
20
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
25 slow, circular folding action.

Results

The results are given in Table 1
30



200 156 200 0.25% 15.92 2 200 161 100 0.25% 16.07 B 200 156 150 0. 25% 16. 86
200 156 200 0.25% 17.60 3 200 - 75 20% 19.58 A 200 164 100 20% 20.72 200
160 150 Me@®d3i/0%2s8sl 200 156 75 20% 20.26 C 200 - 100 201Adp2di3/00209 - 150
20% 21. 64 Data set | and 2 represent conventional addition of dilute polyner
solutions to 5 sewage sludge. The results show that, with conventi onal
treatnent, additional mxing of the thigckened sl udge (Sett) has an adverse
effect on cake solids conpared to no additional mxing (Set 2). Data Sets 3
and 4 show{-hhg i nproved cake solids can be achieved by adding a 10 high
strength ron 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).

15 WD 2005095286 PCT/EP2005/002077 17 Cl ains—1.— A process—of dewaterin
an aquedusPa@spensitebtenp| GAVEERA 1 Fitrata at i ng sfsQ'_E‘ﬁ\eEBrrprl sing t¢@&in
dovet or (Ing Shouht BPeA TECE o PtPoac| MEREE (oGl L, SHIEE o] SRSl | ¢
mechani dal dewatering to forgmg/cakg, (mtler ¢i n the fi rsitengti(asw)l pnt  bri ngs
about fllocculat{on and asgists thickening of the sus t he secand
floccul dnt flurt her dewatefs t# sus pen"ﬁoon chdPlct efi seB-25% t hat tHe/Second
floccul gnt is alwat ex- sol ubl eogy Waf erqsgnell | abligg 0.25% 15.60
200 156 200 0.25% 15.92
2 200 161 100 0.25% 16.07
B 200 156 150 0.25% 16.86
200 156 200 0.25% 17.60
3 200 - 75 20% 19.58
A 200 164 100 20% 20.72
200 160 150 20% 21.99
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

5 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

10  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).

15



polynmer that is mxed into the suspension in the formof an aqueous 10
conposi ti onpr.Lsi ng di ssol ved or hydrated pol yner having a Brookfield
viscosit&agf&ﬁggpggst 40,000 cps (neasured at 20C, RVT VA 17893410207 i ndl e
6, | rpm. 2. A process according to claim1 in which the aqueous
suspension is sewage sludge. 15 3. A process according to claiml or claim
2 in which the mechani cal dewatering e€ipl oys an apparatus selected fromthe
group consisting of belt press, filter press, screw press and centrifuge.

4. A proceGlimgcording to any of clains 1 to 3 in which the second

fl occul ant, has ol ymer. concentration above 2% by wei ght referably
between 2D 5 duBIsss o deNaTeTidan adteditrspenyah JhBViNaA e 1 1o 4 in
whi ch the f iBme tredBhaaké i 1S Atht : en 100, 000
and 800, 00 N B o e R o 106 A

process acaoedntf a firshfigcafant|amdra dewateripgiamentaf a seconddtacdulap dridoccul ant
is cati.onic,.

7.. A.process ac i ng. t.o an f .clai 1 to, 6 1in whigh the
second® 11 9ibistiaR RESHEPEnSET L fiPhahitalibuderityde iy o el Snuhetih Bia o
nonomer  orfirsMEtRRING brifgs AbBUORGHIADA ANdi 4xbidts tilBierihg of fidBusheh8ioh | N
whi ch the second 30 flocculant is selected fromthe group consisting of

cationi ¢ pidthersacant diesculapbiufifer dewpteas the§usRaNEIon| amroni um chl ori de,

di al kyl am P yl at es

Cor sl t & ReEsfited irfigPlne silordivcedaitl & rateSeitbic Ry shidr s s

t hereof ) . gSblyfeptiet tsmivantintalthessuspensipn dn thd furmsoflart aqéiedus whi ch the second
10  composition comprising dissolved or hydrated polymer having a Brookfield

viscosity of at least 40,000 cps (measured at 20°C, RVT viscometer, spindle 6,
1rpm).

2. A process according to claim 1 in which the aqueous suspension is
sewage sludge.

15 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

20 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

25 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

30 flocculant is selected from the group consisting of cationic polyacrylamides,
polymers of dialkyl diallyl ammonium chloride, dialkyl amino alkyl (meth) -



flocculant has an intrinsic viscosity of at least 0.5 dl/g, preferably 4 to
10 dl/g. 5 10. A process according to any of clains 1 to 9 in which the

second f| ge@Yd@absise sel ected fromthe group consisting ader/kpro8s/Rb¥MEr
formed from50 to 100% by wei ght nethyl chloride quaternary amoni um salt

of dinmethyl amno ethyl (neth) acrylate and O to 20% by wei ght acryl am de
of intrinsic viscosity between 4 and 10 dlg/g, 10 ii) polyvinyl amdine and
pol yvinyl am nes of intrinsic viscosity greater than 1 dl/g, iii)

quat erni sed _sal t.s _of nj it [ j ] j jNS|
scosi ty. oPCRtaEs TR HEFed ahd cfoP BiiiG BREMERR sRhymfiides ok Selis,
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than 1 dl/g,
iii) quaternised salts of Mannich addition polyacrylamides of intrinsic
viscosity greater than 1 di/g, and
iv) poly dimethyl diallyl ammonium chloride of intrinsic viscosity greater
15 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,
20 poly dimethyl diallyl ammonium chioride, 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
25 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,
30 characterised in that the aqueous composition has a Brookfield viscosity of

at least 40,000 cps (measured at 20°C, RVT viscometer, spindle 6, 1rpm).



