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(57) L' 1invention concerne un procedeé de deshydratation
d’une suspension aqueuse de matieres solides, consistant
a. ajouter a la suspension un adjuvant de floculation, ce
qu permet a la suspension de floculer en vue de sa
déshydratation. Ledit adjuvant de floculation est une
composition aqueuse renfermant un premier et un second
floculants polymeres 1oniques solubles dans 1'eau, la
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(57) A process for dewatering an aqueous suspension of
solids which comprises adding to the suspension a
flocculation aid, allowing the suspension to flocculate
and dewatering the suspension, in which the flocculation
aid 1s an aqueous composition comprising first and
second water soluble 1onic polymenic flocculants 1n
which the first flocculant 1s 1n excess over the second
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quantit¢ de premier floculant €tant en exces par rapport a
celle du second, le premier et le second floculants
formant des particules de precipite d’ions antagonistes,
et la quasi-totalite de la partie du premier floculant qui
n’est pas contenue dans les particules de précipite d’ions
antagonistes se trouvant en solution. L’ invention est
caracterisée en ce que les conduits de transfert et de
dosage sont fabriques de telle sorte que sensiblement
aucune des particules du precipite d’ions antagonistes
n’est brisee ou dispersee apres sa formation et avant son
ajout dans la suspension.
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flocculant and the first and second flocculants form
particles of counterionic precipitate and substantially all
of the proportion of the first flocculant which 1s not
incorporated 1nto the particles of counterionic precipitate
1S 1n solution, characterized in that the transfer and
dosage conduits are constructed so that substantially
none of the particles of counterionic precipitate are
broken or dispersed after their formation and before their
addition to the suspension.
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(57) Abstract

A process for dewatering an aqueous suspension of solids which comprises adding to the suspension a flocculation aid, allowing
the suspension to flocculate and dewatering the suspension, in which the flocculation aid is an aqueous composition comprising first and
second water soluble ionic polymeric flocculants in which the first flocculant is in excess over the second flocculant and the first and second
flocculants form particles of counterionic precipitate and substantially all of the proportion of the first flocculant which is not incorporated
into the particles of counterionic precipitate is in solution, characterized in that the transfer and dosage conduits are constructed so that
substantially none of the particles of counterionic precipitate are broken or dispersed after their formation and before their addition to the
suspension.
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The present invention relates to processes Ifor
flocculation and  subsequent  dewatering (including
thickening) of aqueous suspensions. In particular it
relates to such processes in which flocculation aids are
activated and dosed into the suspension in a defined manner
which ensures optimum performance of the flocculation aid.

It is well known to dewater agqueous suspensions of
solids, both inorganic (or mineral) and organic, 1in water
by the addition of a flocculation aid, allowing the solids
to flocculate and dewatering the suspension.

In our International Publication WO097/061l1l1 we
describe one such method in which an adqueous mineral
suspension having high solids content (at least 130 g/l) 1is
dewatered under pressure after flocculation using a
composition made by blending one part by weight cationic
polymeric flocculant, 2 to 20 parts by weight anionic
polymeric flocculant and water. In the composition
counterionic precipitation occurs and all the anionic
polvmer which is not precipitated by the cationic polymer
is in solution. In preferred processes the counterionic
precipitate takes the form of particles in which anionic
polvmeric flocculant forms a coacervate around the cationic
polvmeric flocculant. In that publication we explain that
activation of the polymers should be gentle and witaout
application of sufficient shear to disperse any
counterionic precipitate which is formed.

We also describe in our co-pending British patent
appiication (not vet pubiished) number 9801524.1
processes for thickening of aqueous suspensions in which
similar aqueous compositions are used as the fiocculatzon
aid. In our co-pending UK application number 9807047.7
filed 01 April 1998, reference PRL04083CG3, we describe
dewatering of organic suspensions in which aqueous
compositicns of this type can be used. In UK aprlicaticn
9807047 .7 aqueous compositicns containing counterionic

- : 4 -ll--. ° -:“ % . 1 o~ . : - L - ’ - .
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excess can also be used as the flocculation aid.

We have now found a particularly advantageous method
of ensuring gentle activation so that the particles of
counterionic precipitate are not broken or dispersed before
dosing into the suspension.

According to a first aspect of the invention we
provide a process for dewatering an aqueous suspension of
solids which comprises adding to the suspension a
flocculation aid, allowing the suspension to flocculate and
dewatering. the suspension, in which the flocculation aid 1is
an aqueous composition comprising first and second water
soluble ionic polymeric flocculants in which the (first
flocculant is in excess over the second flocculant and the
first and second flocculants form particles of counterionic
precipitate and substantially all of the proportion of the
first flocculant which is not incorporated into the
particles of counterionic precipitate is in solution,

and in the process the aqueous composition is added
to the suspension by

(a) adding to water the first and second flocculants
in powder Iorm

(b) mixing the powders into the water in a mixing
vessel so as to form an agueous composition containing
particles of counterionic precipitate,

(c) passing the aqueous composition from the mixing
vessel into a transfer conduit

(d) optionally passing the aqueous composition Irom
the transfer conduit into a storage vesse.,

(e) passing the aqueous composition from the storage
vessel, i< used, or frcm the transfer condult, 1into a
dosage conduit, and

(f) rassing the agqueous composition from the cosage
conduit into the suspensicn,

charzcterised in <that the transfer and dosage
conduits are —onszructed so that substantially none of the
vparticies of ccunterionic precipltate are oroken oOr
dispersed zftsr their Ifcrmation and Derigcrs their acddition
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to the suspension.

We have found surprisingly that the construction of
the transfer and dosage conduits can be highly influential
in ensuring that the particles of counterionic precipitate
are maintained from the point of their formation to the
point of its addition to the suspension. We find this
particularly surprising given that in other stages of the
make-up and dosing process the aqueous compoSition is often
subjected to levels of shear which are conventionally used
for the make-up of conventional aqueous polymer solutions
which do not contain counterionic precipitate.

In the process the two counterionic flocculants in
the form of powder, a reverse phase emulsion Or a reverse
phase dispersion are added to water in a mixing vessel. The
aqueous ccmposition centaining ccunterionic precipitate and
dissolved excess first polymeric flocculant is formed 1in
the mixing vessel. Frrom the mixing vassel the aqueous
composition is passed to the transfer concduit. This 1is
often achieved with the use of & transrier pump.
Alternacively, a transfer valve or other transfer means
overating under' gravity can Dbe usec. The acueous
composition is passed along the <cransier conduit.
Optionallv ancd preferably tle agqueous ccmposition may zaen
be passed to a storage vessel from the rransfer conduic.
If, as is preferred, a storage vessel is used, tae aqueous
composition is transferred from tae storage vessel TOo a
dosage ccncéuit, often with the use oI a dosage pump, and
along the dosage conduit to the aqueous suspension. -z &
storage vessel is not provided the agquecus composition 1is
transferred directly from the transfer condult O che
dosage conduii and into the suspension. In this case the
rransfer and dosage ccnduits thus effectively form <TWO
parcs ¢f 2 single concuit.

Tn the invention the transfer and dcsage ccndults are
~apsteicted such that the particles of countericiic

)
t

recigica “ormed Zuring the mixing stage azIf not

'O

.1y oroken ¢ cr <dispersed. -o sarticu.ar, 1T is

™
il ey

b 2

()

vest

in
3L
'




10

15

20

25

30

335

WO 99/50188

CA 02326355 2000-09-27

PCT/GB99/00990

4

preferred that at least 80% by weight of the particles,

more preferably at least 90 or 95% by weight of the
partiéles, remain 1intact after passage of the aqueous
composition through the transfer and dosage conduits, so
that they are present 1i1n the aqueous composition which is
added to the suspension. |

The conduits may be any suitable type of conduit, for
instance open channels, or, preferably, pipes. Pipes can be
of any sultable <cross-section Dbut are preferably
substantially cvlindrical.

The required stability of the particles of
counterionic precipitate can be obtained i1n the invention
in various ways. A preferred method is by choice of the
conformation of the conduits.

In conventional processes for dewatering aqueous
suspensions, conduits are generally provided so as ¢to
provide the most convenient pathwav between two points. It
is not usuallv possible to arrange a conduit between two
points in a straight line, and bends are usually required
in the conduits. Thus conduits present for wuse 1in
dewatering processes are those already present and
configured for transfer oI conventiocnal solutions. It 1is
conventional practice in dewatering processes simply toO
provide anv bends in the Zorm of sharp corners joining TWO
essentiallv straight sections of conduit at angles orten

around 90°. The conventional pathway followed by a concuit

between a mixing vessel and a storage vessel or dosage
point may have 3 or 4 such bends.

We have founcd that the stability of the particles of
counterionic precipitate can in some cases be improved by
the provision of long radius bends or very long radius
bends, i.e. curved rather than sharp bends. For lnstance,
in the :inventicn the transfer and dosage condults
preferably follow a pathway which contains not more taan
twe sharp bends znd especially not more than two sharp

bends a2t zrn angle delcow 129°, in particular 100°cr less.
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Preferably all bends in the pathway followed by the
transfer and dosage conduits are long radius bends or very
long radius bends.

Bends having a centre to face (i.e. edge) dimension
of at least 1.5 times the conduit diameter, for instance at
least 2 or 3 times and up to 5 times the conduit diameter,
are particularly useful. '

In particular we find that the provision of conduits
which follow bends having a radius of curvature higher than
has been used previously for such processes is particularly
advantageous. Radius of curvature at least 1.5 times,
preferably at least twice the diameter of the conduit, and
even at least 3 or 5 times the diameter, can be used.

The required bends having larger radius of curvature

than the standard 90° sharp bends can be constructed in
various ways.

The conduit, for instance pipework, having radius of
curvature higher than conventional, mavy be formed <from
rigid material. In this case the pipe sections at the bend
have the required radius of curvature. These are often
referred to as long radius bends or very long radius bends.

Alternatively the pipework <can be formed from
flexible material. In this case the pipework can be bent
into the required curve at the bend. Portions of the
flexible pipework may be surrounded by rigid casing which
is usually substantially concentric with the flexible
pipework. At the points where a bend is required there 1is
no casing so that the flexible inner pipework can be curved
around the required bend.

Alternatively or additionally it has been ZIound that
control of the bore diameter of conduits such as pipework
can influence the stability of the ©particles of
counterionic precipitate. For instance, the Dbore diameter
mav be 120% or more cf the diameter of the piping which
wou.d normally be used as a conduit for Zlocculation aids
which do not contain particles of counterionic precipitate.

Sor instance &a Dore siza of 130 tc 200 ¢ <this

{n
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conventional diameter can be used. Standard pipes often
have diameter 20 to 50 mm, and in the invention diameters
40 to 75 mm and even up to 100 mm can be used.

The internal surface of the conduit, across which the
aqueous composition containing the particles of
counterionic precipitate passes during transfer from mixing
to dosage, can also be influential. In particular surfaces
which are smooth and have low coefficient of friction are
preferred. Conventional pipework is often formed from mild
steel. In the invention on the other hand the 1internal
surface of the conduit may be formed from a corrosion
resistant and/or rust resistant material such as galvanised
metal. Alternatively it may be formed of a plastic
material.

The length of the pathway followed by the conduit
between the mixing vessel and storage vessel, 1f used, 1s
vreferably 1 to 10m, more preferabiy 1 to 3m.

The ©processes of the invention are especially
advantageous when  the aql.ieous composition contains
counterionic precipitate particles of size in the aqueous
composition 90 wt.% above 100 microns, preferably above 200
microns, for instance above 300 microns and up to lmm.

In particular we find that control of the
construction of the transfer and dosage conduits 1is
advantagecus when the counterionic precipitate particles
are in the form of a ccoacervate of a polymeric flocculant
of one ionic type around a polymeric flocculant of the

opposite ionic type. Usually the core flocculant 1is the

second flocculant and the coacervating flocculant is the
first flocculant, which is in excess. The flocculants are
counterionic, i.e. one is cationic and one is anionic.
Zither may be the first flocculant, which 1is in excess.
(>

Preferred processes use the aqueous composition
described 1in our International' Publication W0S87/0611. 1in
~nich the anionic polvmeric flccculiant is in excess anc 1is
sresent in an amount of from 2 to 20 times by weight the

iy “*-

PCT/GB99/00990
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amount of cationic polymeric flocculant and in which the
anionic polymeric flocculant forms a coacervate around a
core of cationic polymeric flocculant to form the particles
of counterlonlc.prec1p1tate.

The two polymer types are preferably added to water
in step (a) as a preformed powder blend, and this blend
mixed into water in step (b). ' .

The anionic polymeric flocculant may be formed from
water soluble ethylenically unsaturated anionic monomer Or
monomer blend. Generally at least 3 wt.%, often at least 5,
10 or 15 wt.% but generally not more than 50 or 60 wt.% of
the monomers are anionic with any other monomers being
nonionic. In this specification we include within the
definition of "anionic flocculant" polymers which are often

referred to as "substantially nonionic” and contain for

instance 1 or 2 wt.% anionic monomer. These monomers may
be present due to hydrolysis of non-ionic monomer such as
acrylamide. These polymers are encompassed within the term
"anionic flocculant" provided that they form a ccunterionic
precipitate with the cationic flocculant which is used.

The anionic monomers which can be used can be any of
those described in our publication WO97/06111l.

The anionic polvmeric flocculant is preferably a hign
molecular weight bridging flocculant as describec 1n
WO97/06111. :

The cationic polymeric flocculant may also be any of
those discussed in W087/C6lll. We also include within the
definition of "cationic flocculant” polymers which are
sometimes described as "substantially nonionic" and have
low content of cationic monomer, for instance 1 or 2 wt.3,
provided that they form az counterionic precipitate with the
anionic flocculant which 1s used.

Preferably both the anionic and cationic £locculants
are of hich molecular weight, that is the anionic poiymeric
materizl ras -V preferablv at least about 5 dl/g and the
cationic polymer has intrinsic viscosity Drec “eraply at

iezst =¢l/z.

PCT/GB99/00990
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In this specification intrinsic viscosity is measured
by suspended level viscometer in buffered pH 7 lm NaCl at
25°C.

The total polymer concentration 1n the aqueous
composition can be any of the concentrations discussed in
the applications W097/06111, GB 9801524.1 and GB 9807047.7.
Preferred polymer concentration is from 0.05 to 1%, 1in
particular 0.1 to 0.5%, for instance around 0.3%.

The polymer powders can be produced 1in any
conventional manner. Gel polymerisation followed by
corminution, and reverse phase bead polymerisation,
optionally followed by comminution, are preferred.

In this specification we include within the term
"dewatering”, processes of dewatering to form a cake, such
as dewatering under pressure, for instance by belt
pressing, filter pressing,  vacuum filtration and
certrifugation etc, and processes often described as
thickening processes.

The overall process mav be a dewatering process as
described in WO0S87/06111. |

I+t may also be a process as described 1in our co-

~ perding application no. 9801524.1 of thickening an aqueous

suspension of mineral solids by sedimentation by adding to
the suspension water-soluble anionic bridging polymeric
flocculant having intrinsic viscosity at least 5 dl/g and
watar soluble cationic pclymeric flocculant, allowing the
solids to settle under gravity so as to form a lower
uncerflow fraction containing a concentration of solids
greater than that of the suspension and an upper overilow
frzcticn containing a ccncentration of solids lower than
tha> of the suspension anc removing the underflow fraction,
in which the anionic and cationic flocculants are added to
the suspension as an aquecus composition Zormed by blending
one part bv weight of the cationic polymeric flocculant
wi=h 2 to 20 parts by weight oif the anionic polymeric
flmocuiant and sufficient water %o give a total polymer
cor=enrtrat:on of below & wt.% and under ccnditicns whereby

PCT/GB99/00990
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counterionic precipitation can occur and in the aqueous
composition substantially all of the anionic polymeric
flocculant which is not precipitated by the cationic
polymeric flocculant is in solution. |

Any' of the features of the processes described 1in
these two applications can be applied in the process of the
present invention.

The invention can also be used 1n a process as

- described in our co-pending patent application number GB

9807047.7 filed 01 April 1998, which describes a process of
dewatering a suspension of organic suspended solids
comprising adding to the suspension an agqueous composition
comprising a first water-soluble ionic polymeric flocculant
and a second water-soluble ionic polymeric flocculant in
which the first flocculant is in excess over the second
flocculant and the first and second flocculants are
counterionic and in the aqueous composition at least a
portion of the first flocculant and at least a portion of
the second flocculant together form particles of
counterionic precipitate, allowing the suspended solids to
flocculate and dewatering the flocculated suspension, 1in
which the particles or counterionic precipitate are of size
at least 90 wt.$ above 100 microns in the agqueous
composition and substantially all of the portion of <che
first flocculant which is not contained in the particles of
counterionic precipitate 1s in solution.

‘The process of the present invention may be applied
to any of the processes described in that application.

We find it particularly surprising that the design of
the conduit in the process is so effective in maintaining
stability of the particles of counterionic precipitate 1in
processes in which mixing and pumping are under conditzons
of fairly rapid rotation. In particular the mixing vessel
may be opei:'ated at the level of shear provided by a
impeller shaft of length 1 to Z metres, for instance about
1.8 metres, and diameter 20 tc 60mm, Ifor instance acout
40mm having impeller blaces (e.g. 3 blades of diameter 300
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to 400mm, e.g. 345mm) and rotating at a speed of from 50 to
300 rpm, for instance 200 to 290 rpm, in a mixing vessel of
volume 3 to 20m*, for instance around 5m°. Other agitation
methods which give equivalent levels of shear, such as air
agitation and use of a reciprocating impeller, may also be
used. It is surprising that particles of counterionic
precipitate which have been produced in a process in which
the aqueous composition is subjected to shear as discussed
above at rotation speeds of up to 290 rpm without breakage
or dispersal can be affected to such a large extent by the
construction of the conduit. Mixing vessels of volume
below 3m® can also be used, but less preferably.

The aqueous composition is transferred from the
mixing vessel to the transfer conduit using any suitable
means, for instance a transfer valve or a transfer pump. If
the mixing vessel is elevated with respect to the dosage
point or the storage vessel (if used), a valve which
operates under gravity can be used. A transfer pump is

preferred. Preferred pumps are mono progressive cavity

pumps which can operate at speeds up to 4350 rpm. Speed 1s
normally at least 50 rpm and preferred speeds are aoout 400

Ipm.

If a storage vessel is used this can be of
conventional type. However, we do Zfind that it 1s
advantageous to use a storage vessel provided with
agitation means in prccesses in which the adqueous
composition contains particles of counterionic precipitate.

Thus according to a second aspect of the invention we
provide a process for dewatering an aqueous suspension of
solids comprising adding to the suspension a flocculation
aid, allowing the suspension to £locculate and dewatering
the suspension, in which the flocculation aid is an aqueous
composition comprising first and second water-soluble icnic
poivmeric flocculants in which the rfirst flocculant is in
excess over the second flizcculant and the first and second
flccculants form particies ol counterionic precipitate and
sucstantizilv all of the porticn c¢i the rirst floccuiant

PCT/GB99/00990
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which l1s not incorporated 1into the particles of
counterionic precipitate 1s in solution,

and in the process the aqueocus composition is added
to the suspension by '

(a) adding to water the first and second flocculants
in powder form,

(b) mixing the powders into water 1in a mixing vessel
so as to form an aqueous composition containing particles
of counterionic precipitate, '

(c) passing the aqueous composition from the mixing
vessel into a transfer conduit, '

(d) passing the aqueous composition from the transfer
conduit into a storage vessel,

(e) passing the aqueous composition from the storage
vessel into a dosage conduit, and

(f) passing the aqueous composition from the dosage
conduit to the suspension,

characterised in that the aqueous composition 1is
subjected to low shear agitation in the storage vessel by
air agitation or by intermittent mechanical agitation.

It is important in this aspect of the invention that
the aqueous composition is not subjected to standard high
shear agitation. This aspect of the 1nvention 1s
particularly useful for aqueous compositions in which the
counterionic precipitate particles have a tendency to
settle if not agitated and in which the agqueocus composition

may need to be stored for significant periods of time, for

instance 1 to 2 days or even up to two weeks.

When air agitation is used the rate of air flow can
be from 2 to 4 litres per second, for instance about 3
litres per second. These ranges are suitable for storage
vessels of volume about 5 m®, for instance 1 to 10 m’. For
storage vessels of volume from 10 or 15 to 25 m’ the air
flow rate can be from around 10 to 20 litres per second,
for instance around 18 litres per second.

Low shear intarmittent mechanical mixing can be used.

A rotatinc impeiler can pe used Ifor TIls purgose at a
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rotation rate of up to 290 rpm. Intermittent mixing should
be used, for instance for a period of 1 to 10 minutes every
1 to 6 hours, e.g. 2 minutes in every 4 hours.

Any of the process features discussed in connection
with the first aspect of the invention may also be applied
to this second aspect of the invention. '

According to a third aspect of the invention we
provide a process of modifying an apparatus to render it
suitable for use in the process of the first aspect of the
invention by modifying the transfer or dosage conduit so
that at least one, and preferably all, bends in the conduit
are modified by increasing their radius of curvature.

According to a fourth aspect of the invention we
modify an apparatus to render it suitable in the process of
the first aspect of invention by increasing the bore size
of a pipe which is a transfer or dosage conduit by at least
20%, preferably at least 350%.

According to a fifth aspect of the invention we
modify an apparatus to render it suitable for use in the
process of the first aspect of the invention by reducing
the coefficient of friction of the inner surface of the
transfer and dosage conduits.

A process according to the invention 1is 1illustrated
schematically in the attached Figure 1. Powdered anionic
and cationic polymeric flocculant are held in the powder
hopper 501 and passed using a screw feeder 502 1into a
venturi inlet 503. The ratio of anionic @ to cationic
flocculants is approximately 9:1 by weignht. By means oI a
blower 504 the polymer powder is passed from the venturil
eductor to the "Jet Wet" head. The "Jet Wet" device 1s a
commercially available device for dissolving polymer powder
into water and available from Ciba Specialty Chemicals
Water Treatments Limited. The polymer vowder is injected
from the Jet Wet head into the mixer 600 which contains
water, :into which the pclvmer powder is mixed using the
mixer £01. In the mixing tank 600 the agueous composicion
containing dissolved anicnic Zlccculant anc countericnic

PCT/GB99/00990
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precipitate particles is formed. The mixing tank contains a
shaft of diameter 40mm and length 1800mm having 3 impeller
blades and two sets of blades per shaft. The shaft rotates
at a rate of up to 290 rpm.

From the mixing tank the aqueous composition passes
into the transfer pump 608. This 1is a mono progressive
cavity pump operating at a speed of approximately 400 rpm.

From the transfer pump the aqueous composition is
passed into the transfer conduit 617, shown schematically
as a dotted 1line into the storage tank 700. In this
embodiment the storage tank is not agitated but in other
embodiments it can be air agitated at a rate of
approximately 3 litres per second. From the storage tank
the aqueous composition passes into the dosage conduit 710
and to the dosing pumps 707, 708 and 709 from where it 1is
dosed into the agqueous suspension.

In Figure 1 the following key applies:-

500 Screw Feeder & Powder Conveyor
501 Powder Hopper

502 Screw F‘eeder

503 Venturi Inlet

504 Blower

505 Venturi Eductor

506 Blower Inlet

600 Mixing Tank

601 Mixer

602 Drain

603 High Level Electrode

604 Intermediate level Electrode
605 Low Level Electrode

606 Earth Electrode

607 Transfer Pump Isolating Valve
608 Transfer Pump

610 Water Inlet Valve

0

il Jet Wet Requlating Vaive
612 Jet Wet Solenoid Valve
T -

513 Low Warter Pressure Alzrm Switch

PCT/GB99/00990
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614 Jet Wet Pressure Gauge
615 Jet Wet Head
616 Rapid Fill Solenoid Valve
700 Storage Tank

5 701 Drain
702 Earth Electrode
703 Storage Tank Level Electrode
704-706 Dosing Pump Isolating Valves
707-709 Dosing Pumps

10

' Figure 2 shows the shape of a conventional elbow bend

and Figure 3 shows the shape of the bends used in the
transfer and dosage conduits in the invention.
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Claims

1. A process for dewatering an aqueous suspension of

solids’ which comprises adding to the suspension a

flocculatipn aid, allowing the suspension to flocculate and
dewatering the suspension, in which the flocculation aid 1is
an aqueous composition comprising first and second water
soluble icnic polymeric flocculants in which the first
flocculant is in excess over the second flocculant and the
first and second flocculants form particles of counterionic
precipitate and substantially all of the proportion of the
first flocculant which is not incorporated into the
particles of counterionic precipitate is in solution,

and in the process the aqueous composition 1s added
to the suspension by

(a) adding to water the first and second flocculants
in powder Iform ,

(b) mixing the powders into the water in a mixing
vessel so as to form an aqueous composition containing
particles of counterionic precipitate,

(c) passing the aqueous composition from the mixing
vessel into a transfer conduit

(d) optionally passing the aqueous composition Irom
the transfer conduit into a storage vessel,

(e) passing the aqueous composition from the storage
vessel, if used, or from the transfer conduit, into a

dosage conduit, and
(f) passing the aqueous composition ZIrom the dosage
conduit into the suspension,

' characterised in that the transfer and dosage
conduits are constructed so that substantially none of the
particles of counterionic precipitate are broken or
dispersed after their formation and before their addition
to the suspension.

2. A prccess according to claim 1 in which the particles
of counterionic precipitate are maintained from the pcint
of their <“ormation to the point of its addition to the

suspensicr.
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3. A process according to claim 1 -or claim 2 in which
the aqueous composition is formed by mixing into water the
cationic and anionic polymers in powder form, reverse phase
emulsion form or reverse phase dispersion form.

4. A process according to any of claims 1 to 3 in which
the transfer and dosage conduits follow a pathway which
contains not more than two sharp bends and especially not

more than two sharp bends at an angle below 120° in

particular 100° or less.

S. A process according to any of claims 1 to 4 in which
provision of conduits which follow bends having a radius of
curvature at least 1.5 times, preferably at least twice the
diameter of the conduit.

0. A process according to any of claims 1 to 5 in which
the 1nternal surface o0of the conduit is formed from a
corrosion resistant and/or rust resistant material such as
galvanised metal or a plastic material. .

7. A process according to any of claims 1 to 6 in which
the anionic polvmeric material has IV at least about 5 dl/g
and the cationic polymer has intrinsic viscosity at least
4dl/qg. '

8. A process according to any of claims 1 to 7 in which
the dewatering is by belt pressing, filter pressing, vacuum
filtration and centrifugation.

9. A process according to any of claims 1 to 8 in which
the acueous composition 1s made in a mixing vessel
comprising a impeller shaft having impeller blades which
rotates at a speed of from 50 to 300 rpm.

10. A'process according to any of claims 1 to 9 in which
the agueous composition is made in a mixing vessel of
volume 3 to 20m’, preferably around 5m’.

11. A process according to any of claims 1 to 10 1in
which the acueous composition Is transferred from the
mixing vessel to the transfer conduit using a transfer
valve cr a transfer pump.

12. A process according o claim 11 In wnich the aqueous
ccmpositizcn is transisrrad from tae nixing Vessel to the




CA 02326355 2000-09-27

WO 99/50188 - PCT/GB99/00990

17

transfer conduit using a mono progressive cavity pumps.
13. A process according to claim 1l or claim 12 in which
the aé;ueous composition 1is transferred from the mixing
vessel to the transfer conduit using a transfer pump which
5 operates at between 50 and 450 rpm, preferably about 400
rpm.
14. A process for dewatering an aqueous suspénsion of
solids comprising adding to the suspension a flocculation
aid, allowing the suspension to flocculate and dewatering
10 the suspension, in which the flocculation aid i1s an aqueous
composition comprising first and second water-soluble ionic
polymeric Zflocculants in which the first flocculant is in
excess over the second flocculant and the first and second
- flocculants form particles of counterionic precipitate and
15 substantially all of the portion of the first flocculant
which is not incorporated into the particles of
counterionic precipitate is in solution,

and in the process the aqueous composition is added
to the suspension by

20 (a) adding to water the first and second Iflocculants
in powdér Zorm,

(b) mixing the powders into water in a mixing vessel
so as to form an aqueous composition containing particles
of counterionic precipitate,

25 (c) passing the aqueous composition from the mixing
vessel into a transfer conduit,

(d) rassing the aqueous composition from the transfer
conduit into a storage vessel,

(e) rassing the aqueous composition Ifrom tne storage

30 vessel ints> a dosage conduit, and

(f) cassing the aqueous compositicn from the dosage
conduit tc the suspension,

characterised in that the aqueous composition 1s
subjected o iow shear agitation in the storage vessel by

35 air agitation or oy intermittent mechanical agitacion.
S, A przcess according to claim 14 in wnich the aqueous
compositicn 1s stored in the storage vessel for at least




CA 02326355 2000-09-27

WO 99/50188 , PCT/GB99/00990

18

1 day.
16. A process according to claim 14 or claim 15 in which
the intermittent mixing is for a period of 1 to 10 minutes
every 1 to 6 hours. |

S 17. A process of modifying an apparatus to render it
suitable for use in the process of claim 1 by modifying the
transfer or dosage conduit so that at 1least one, and
preferably all, bends 1in the conduit are modified by
increasing their radius of curvature.

10 18. A process of modifying an apparatus to render it
suitable in the process of claim 1 by increasing the bore
size of a pipe which 1s a transfer or dosage conduit by at
least 20%, preferably at least 50%.

19. A process of modifying an apparatus to render it

15 suitable for use in the process of claim 1 by reducing the
coefficient of friction of the inner surface of the
transfer and dosage conduits.

20

25

30

33
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Figure 2

Figure 3
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