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A suspension which is preferably an ink-containing waste suspension recovered from a paper deinking process is flocculat-
‘ed by a cationic polymeric flocculant, and the flocculated material is then aggregated by an anionic colloidal material mixed into
the flocculated suspension, optionally further cationic flocculant is added, and the aggregated material is then separated from the

suspension by belt press or other pressure filtration.
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Dewatering of Agueous Suspensions

This invention relates to a process for separating

suspended solids from an agqueous suspension and which
5 includes a dewatering stage that 1s conducted by pressure
filtration.

The invention 1s of particular applicability to
processes 1in which the suspension contains hydrophobic
material such as 1ink particles, and especially when the

10 suspension is a suspension of waste material in a paper
deinking process.

It is well known to add a flocculant material to
a suSpension' so as to cause the suspended material to

- flocculate before dewatering. Suitable flocculants for

15 this purpose include alum and other polyvalent metal salts,

bentonite, and various natural or synthetic polymets that

;.éan be non-ionic, anionic or cat.onic. In some inqpances

- ’co'mbinations are known, for instance bentonite followed by

a polymer. ~ Somé of the flocculant materials night be

20 considered, more accurately, to be coagulants rather than
~ flocculants. :

The choice of flocculant is dictated by the particular
process steps that are involved, the materials that are
being flocculated, and the eccomics of the process. For

25 instance a process that is designed to make a product that
can be sold may justify a more expensive flocculant than a
process designed to make a waste product. Similarly, a
process designed to flocculate essentially hydrophilic
materials will generally require different flocculants from

30 a process designed to flocculate essentially hydrophobic
materials.

A flocculation process useful i1n the production of
paper is commercialised under the trade name "Hydrocol" and
is described in EP-A-235893. In this a substantially

35 linear synthetic cationic polymer having molecular weight

' -abové 500,000 is added to a cellulosic suspension to form

flocs which are then broken down by shearing to form

U VUSRS RIS ISPEE TP RN SR R ST RO BN PP SR RPL R PE  SUE SUg VAL UNTSE PG B N ARTSTA0A 3 S8 8 ieide | AL UM RLYY LA SO RS b, D170 LAO) WP AR AN IO 1 4007 SIS REAR & FERTR b et BN S R B W AREIRT CSERR, . T NN



WO 93/02967 PCT/GB92/01430

10

15

20

25

30

35

9114857 :

microflocs, and bentonite 1s then added to the sheared
suspension, which i1s then drained through a screen to form
a paper sheet. This sheet can then be dried over hot
rolls or in an oven. It is essential 1n this process to
apply sufficient shear to break the 1initial flocs down to
micrcflocs as otherwise the paper that 1s formed by
drainage through the screen will have. bad formation and
there will be inefficient drying of the paper in the oven
or over the hot rolls because moilisture will be trapped in
the flocs.,

The process 1is clearly of no relevance to a process
where the dewatering is by a different technique (pressure
filtration) the suspended solids are entirely different
(generally containing hydrophobic ink) and the intended
product is a cake that will frequently be dumped, instead
of being a sheet of paper that can be sold. '

In order to dewater by pressure filtration a
suspension containing hydrophobic particles such as the
insoluble ink particles obtained in a paper deinking
process it is common to add a flocculant before the
pressure filtration, and the flocculant 1i1s normally a high
molecular weight (for instance intrinsic \;iscosity above
4dl/g) cationic polymer.

It would be desirable to be able to 1improve the
process, by using a more effective flocculation system, in
order that the cake obtained by pressure filtration could
be obtained more easily and, in particular, to a higher dry
matter content.

A process according to the invention for separating

suspended solids from an agueous suspension comprises

flocculating the suspended material by mixing a cationic
polymeric flocculant into the suspension, aggregating the
flocculated material by mixing an anionic c¢olloidal
material into the flocculated suspension, and separating
the aggregated material from the suspension by pressure
filtration.
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The pressure filtration can be effected by centrifugal
dewatering (since the centrifugal force will have the
effect of applying pressure) or by any other conventional
pressure filtration system such as a filter press, screw
press, belt press or tube press.

The process can be used to collect a cake that is
industrially useful (for instance a pigment cake) that can
then be broken and used in a desired manner, but it is
often preferred to apply the invention to the separation of
waste solids from ‘a liquor, in, which event the cake
obtained by pressure filtration may be dumped.

The invention has the advantage that it permits the
dewatering stage to be conducted very rapidly and very
effiCiently and it can be performed to give a cake having
a higher 'solids content than is often obtained by
conventzonal processes. '

‘l‘he suspension that 1is to be dewatered can be a

suspens:.on of organic or inorganic partz.cles, and the
i particles may initially be colloidal or dispersed.

Depending on the nature of the particles, the flocculant

may ej.ther act as a conventional bridging flocculant or it

may act more as a coagulant than as a flocculant, and in

some instances it is desirable to add one polymeric
material that will act as a cocagulant and another that will
act as a bridging flocculant.

The suspension can be a suspension of sewage solids,
for instance a sewage sludge or raw sewage, or it can be an
industrial effluent or an industrial liquor that is being
used. to recover waste material. For 1instance the

~_ suspension can be an effluent that is to be dislcha‘rged

after dewatering or it can be a suspension that is to be
recycled after removing most of its suspended solids, for
instance for dumping. Alternatively, the suspension can

be a suspension of industrially useful material, for
1nstance a plgment suspension from which pigment 1i1s to be

separated.-
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The invention 1s of particular value when the
suspension comprises hydrophobic material, and 1n
particular when the suspension is a suspension containing
at least 5% by weight (based on total solids) insoluble ink
particles. Such a suspension 1is obtained 1in a paper
deinking process and thus the process of the invention is
preferably incorporated as part of a paper deinking process
and results in the production of a cake of waste material
that may then be dumped. In particular, the suspension 1is
preferably the hydrophobic reject suspension obtained in a
paper deinking process by subjecting a suspension of paper
fibres, filler and ink to flotation and thereby separating

a hydrophobic reject suspension from a hydrophilic accept
fraction. Frequently the hydrophobic reject suspension is

a blend of suspensions collected from two or more flotation

B stages in the overall deinking process. Ssuch a process 1s
'. f:l.llustrated dlagrammatlcally in the accompanqu flow
o ‘.-,dlaqram.

20

25

30

Cellulosu: mater1a1 that 1is contaminated with 1ink

,_ (e g. , printed newsprlnt or prlnted cardboard) is subjected

to a pulping and deinking process that generally involves
a series of steps including various bleaching and screening

steps (that are not shown) to form an agueous pulp that is

passed along.line 1 to a dewatering stage 2. = This

dewatering stage is generally an air flotation stage 1in
which the ink-containing solids are floated off as a Reject
slurry, that is removed along line 3 to a collection vessel
4, while the hydrophilic Accept liquor 1is passed through

line 5 to one or more stages 6 in which the liquor 1s

ccncentratsd (e.g., by drum or other filtration) and the
solids in it are washed and filtered. The useful solids
from these stages are taken through line 7 to a stock tower
for recycling while ink-contaminated wash water is taken by
lxne 8 towards a Krofta clarifier or other flotation cell

9. The hydrophobxc Reject slurry that is floated in this
'.',nff* ~ _ce11 is taken by 11ne 10 to the vessel 4, while water can

**-f"be removed bv line 11 and recycled.
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Chemicals to promote the flotation can be added at the
dosing system 1l2.

In addition to feeding the reject slurries from
flotation cells 2 and 9 to the vessel 4, frequently other
reject solids, for instance general mill effluent solids,
may be fed to it through line 13.

The slurry accumulated in vessel 4 is passed through
line 14 and dosing system 15 to an Adritz or other belt
press 16 where it is subjected to pressure filtration to
produce a water effluent removed through pipe 17 and a cake
t+hat can be removed, for instance as shown at 18, and can
then be dumped, for instance as landfill.

The slurry that is to be filtered typically has a
solids content of below 5%, usually below 3% and often
below 1%, for instance below 0.5%. The solids content 1is
usually at least 0.05%, and is often at least 0.1%. The
solids content of this slurry typically contains 10 to 70%
(often 20 to 40%) by weight cellulosic fibres and/or fines,
0 to 80% (often 30 to 70%) pigment and other filler, and 5
to 50% (often 10 to 30%) insoluble ink. The ink may have
initially been water insoluble or may have Dbeen
insolubilised during the process.

The flotation stage or stages may be conducted as
dispersed air flotation processes in which air at
atmospheric pressure is forced into the liquor, or they may
be conducted as dissolved air flotation processes in which
the in-flowing liquor is pressurised in the presence of air
so as to dissolve air in the liquor, and the pressure 1is
released in the flotation cell (or alternatively the

inflowing liquor may be under atmospheric pressure and the

flotation cell may be under reduced pressure).
Irrespective of the precise manner of effective air
flotation, the central feature is that solids are floated
to form a Reject fraction, and the clarified ligquor remains
as the'Accept fraction..

‘The use of a belt press is particularly preferred.
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The cationic polymer that is used in the invention can
be a natural cationic polymer such as chitosan or a
modified natural cationic polymer such as cationic starch.
Preferably however the polymer 1is an organic synthetic
polymer that 1is substantially water soluble and that is
formed by polymerising one or more ethylenically
unsaturated monomers, 1n generally acrylic monomers, that
consist of or include cationic monomer. Suitable cationic
monomers are dialkylaminoalkyl (meth) acrylates and
dialkylaminoalkyl (meth) acrylamides, either as acid salts
or preferably as quaternary ammonium salts. The alkyl
groups may each contain 1 to 4 carbon atoms and the
aminoalkyl group may contain 1 to 8 carbon atoms.

‘Particularly preferred are dialkylaminoethyl (meth)

acrylates, d1alky1am1noethyl (meth) acrylamides and
dz.alkylammopropyl (meth) acrylamides. These cationic

o monomers are preferably copolymerised with a non-ionic

| | monome_,r, preferably acrylamide. Cationic amphoteric
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polymers (including a minor amount of anionic groups) can

also be used. Preferred polymers are particulate as in EP
202780. '

Various other cationic polymers that may be used
include polyethylene 1imines, dicyandiamide polymers,
polyamine epichlorhydrin polymers and polymers of diallyl
monomers such as diallyl methyl ammonium chloride, either
as homopolymer or ‘copolymer with acrylamide or other
comonomer.

The polymer can have sufficiently high molecular

weight (e.g., 1intrinsic viscosity above 4dl/g) that it is

a bridging flocculant. However it is often preferred that

‘the cationic polymer that is added to the suspension has a

sufficiently low molecular weight that the flocculation
process can more properly be described as coagulation.
Preferably the molecular weight of the polymer is such that

-'IV is not above 3d1/g, e.g., 0.2 to 3dl/g or molecular
| :welght 50 000 to 2 million. Suitable low molecular weight
~ polymers of this type are low molecular weight versions of
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polymers of one or more°ethylenically unsaturated monomers
including cationic monomer, as discussed above, and the
polyethyleneimine dicyandiamide, polyamine epichlorhydrin
polymers, and polymers of diallyl monomers, as discussed
above.

The cationic polymer generally has a relatively high
charge density, for instance above 0.2 and preferably 0.4

to 2.5 equivalents of catonic nitrogen per kilogram of

polymer. When the cationic polymer has IV below about
3dl/g the cationic content is preferably relatively high.
For instance the polymer may be a substantial homopolymer
or formed from a monomer blend at least 50% and generally
at least 80%, by weight cationic monomer, any remaining
monomer dgenerally being acrylamide or other non-ionic
monomer. At higher molecular weight it can be satisfactory
for the amount of cationic monomer to be, for instance, 8
to 40, often around 10 to 20, mole percent.

In some instances it is desirable to 1nclude a
relatively low molecular weight cationic polymer (for
ins'ta'nce a relatively highly charged cationic polymer
having molecular weight 50,000 to 2 million) as a coagulant
followed by a higher molecular weight cationic polymer, for
instance to act as a bridging flocculant, followed by the
anionic colloidal material. For instance the coagulant
can remain from an earlier stage in the process and the
flocculant can be added to the slurry prior to pressure
filtration.

Although the process can be conducted with relatively
low degrees of mixing, with the result that there is little
or no degradation of the initial flocs before the anionic
colloidai material is added, it is often preferred to break
the flocs down into smaller flocs before adding the anionic
colloidal material. This reduction in floc size can be
achieved by applying stirring or other agitation to the
floccu_].ated suspension. Naturally the extent of agitation
tht ﬁnot be so great that the 1initial solids are
resuspended in the aqueous suspension but it is possible,
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particularly 1if relatively large amounts of the cationic
polymer flocculant are used, to choose a degree of
agitation that breaks the 1initial flocs down to microflocs
that are stable in the system against further reduction in
size, and which are then aggregated by the anionic
colloidal material. An advantage of reducing the floc
size in thils manner is that it can facilitate dewatering to
a higher solids content compared to the solids content than
is conveniently available if the flocs do not undergo size
reduction before adding the anionic colloidal material.
Size reduction of the flocs by agitation is particularly
desirable when the polymer has IV above 4d4dl/g.

The addition of cationic polymer is made at some
position ahead of the belt press or other pressure
filtration apparatus and anionic colloidal material is
added ‘after the polymer addition but before the ptessure
filtration stage. There must be sufficient interval

"bet'ween'the. two points of addition to allow floculation to
" occur and, as indi‘bated above, it can be desirable to apply

sufficient mixing or other shear between the two points of

addition so as to break down the initial flocs that are

formed into microflocs.
The anionic colleoidal material can be an emulsion of

‘water-insoluble anionic organic polymer, or it can be an

anionic inorganic polymer such as colloidal silicic acid,
but preferably it 1s an anionic swelling clay. Such clays
are known to swell to a very large extent when the dry clay
is contacted with water. They are generally smectites and
are frequently montmorillonites. Suitable materials are
referred to as bentonites such as Wyoming bentonite, or
Fﬁllers Earth. The bentonite or other clay may have been
chemically modified, e.g., by alkali treatment to convert
calcium bentonite to alkali metal bentonite. The
bentonite' or Other clay preferably swells by at least 10 or
20 t:l.mes 1ts own volume and the dry clay is contacted with

swelllng 1S preferably at least 30m’° /g9 and the surface
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after swelling 1is preferably at least 400, e.g, up to
800m°/g.

The bentonite or other clay may be provided as a
powder that 1is mixed with water to form a slurry for
convenient addition to the agueous suspension, Or may
initially be provided as a slurry, and this in turn may be
provided as a concentrated slurry that contains low
molecular weight sodium polyacrylate or other dispersing
agent or other material that will render the concentrate
sufficiently fluid for ease of handling. |

The amounts of cationic polymeric flocculant and
anionic colloidal material used in the invention will
depend upon the suspension that is being treated and the
degree of agitation that is applied and the nature of the
pressure dewatering process. The optimum can be
determined by routine screening. If the flocculated
suspenSion is to be agitated significantly prior to adding
the anionic colloidal material, it is desirable to include
sufficient cationic polymer to ensure that the microflocs
that are present after the agitation all carry a relatively
heavy cationic charge due to the flocculant polymer. The
amount of polymer that is included in the suspension 1is
generally at least 2ppm (based on the weight of suspension)
and is generally at least 5 or 1l0ppnmn. It can be up to,
for instance, 500ppm but the amount is generally below
100ppm and is frequently below 50ppmn. Values of 5 to 50,
often around 20 to 30, ppm are often preferred. These are
all based on the total weight of suspension. Based on the
solids content of the suspension, the amounts typically are
at least 0.1% and often at least 0.5%, but generally below
5% and often below 2%, by weight of the solids content of
the dispersion.

The amount needed for optimum results may be reduced
if the suspension already contains cationic polymer from a
previous stage, for instance from a previous flotation

stage.
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The amount of anionic colloidal material is generally
at least 10ppm and usually at least 50ppm and preferably at
least 100ppm, based on the weight of the dispersion. The
amount is generally below 500ppm and frequently it is below
250ppn. Amounts around 50 to 150ppm are often preferred.
These amounts are based on the weight of the agqueous
suspension that is to be subjected to the pressure
filtration. Based on the solids content of the
suspension, the amounts typically are above 0.1% and
generally above 0.3% and often above 1%, but the amount is
generally below 5%, and preferably below 3% by weight.

In addition to providing the cationic polymeric
flocculant in the suspension and then aggregating it by
adding anionic colloidal material prior to pressure
filtration, it can be desirable to add further cationic
polymeric flocculant to the suspension after adding the
anionic colloidal material and before the pressure

f’iltrat'ion. This added cationic material is generally of

high molecular weight (for instance intrinsic viscosity

above 4dl/g at 25°C in 1N sodium chloride solution) and can

have relatively low charge density, for instance being

fdrmed from 3 to 25 mole percent, often 8 to 15 mole

percent, cationic monomer with the balance acrylamide.

It is generally preferred that the solids 1in the
resultant cake are used or dumped without further drying
(for instance by heating or combustion) but if desired they
can be subjected to further treatment before use or

‘dumping.

As an example of the invention, waste inked paper 1is

pulped in the presence of alkali silicate and chelating
agent, bleached and filtered and soap 1s then added to the

-suspension.

Referring to the drawing, the suspension 1is then
sub)ected to air flotation at 2 to form a first Reject

.slurry (lme 3) and an Accept liquor which is thickened and

washe_d at 6 by suctlon drainage oOr passage over a drum

" thickener or screw press, and the filtrate is taken to a
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clarifier 9 while the so0lids are rewashed and again
filtered, with the washings being taken to the clarifier.

This clarifier 9 is a Krofta flotation cell in which
the liquor is subjected to air flotation with the clarified

5 Accept liquor being recycled to the pulping stage and a
second Reject slurry being collected.

The first and second Reject slurries are mixed
together at 4 to form a slurry having a solids content of
which about 50% is filler, 30% fibre fines and 20% ink.

10 The addition of the second Reject 1is desirable as it
increases the fibre content of the combined slurry and so
improves its handling. '

~ In the process of the invention, two-stage dosing is
. conducted at the dosing system 15, with 25ppm homopolymer

15 of diallyldimethyl ammonium chloride having IV 2dl/g being

) jmzxed into the slurry followed by 100ppm bentonite.

o In a comparatlve process (not in accordance with the
,1nventlon) ‘the two-stage dosing consists of adding the
o l benton1te followed by a conventional high molecular weight
jzo'catlonlc polymer. '
- Preferably a cationic polymer of 10 mole $ quaternised
' dlmethylamlnoethyl acrylate and 90 mole % acrylamide and
' “having IV above 8dl/g is added at a dosage of 100g/t after
the addition of bentonite and before the pressing.

25 The process of the invention in this example is

capable of giving a filter cake having a solids content of
- 38%, compared to a solids content of around 32% when
conducted by the prior process.



CA 02114436 2002-08-07

12

CLAIMS:

1. A process for separating solids from an agqueous suspension
of suspended solids comprising cellulosic fibre and hydrophobic
material by mixing a cationic polymeric flocculant into the
suspension and thereby flocculating the suspended solids to
form flocculated solids and then separating the solids from the
suspension by pressure filtration to form a cake, characterised
in that the flocculated solids are aggregated to form
aggregated solids by mixing an anionic colloidal material into
the flocculated suspension and the suspension containing the

aggregated solids is subjected to the pressure filtration.

2. A process according to claim 1 in which the suspension 1is
a suspension containing at least 5% by weight (based on total

solids) insoluble ink particles.

3. A process according to claim 2 in which the suspension is
a suspension containing 5 to 50% by weight insoluble 1ink
particles, 10 to 70% by weight cellulosic fibres and fines, and
0 to 80% by weight filler, the percentages being based on total

solids.

4, A process according to claim 2 or claim 3 in which the
suspension is the Reject suspension obtained 1n a paper
deinking process by subjecting a suspension of paper fibres,
filler and ink particles to flotation and thereby separating
a hydrophobic Reject suspension from a hydrophilic Accept

fraction.
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>. A process according to any preceding claim that is part of

a paper deinking process, and in which the cake is dumped.

6. A process according to any preceding claim in which the

pressure filtration is by a belt press.

7. A process according to any preceding claim in which the
cationic polymer is a water soluble organic synthetic polymer
selected from polymers of cationic ethylenically unsaturated
monomer, polyvethyelene imine, dicyandiamide polymers, and

polyamine epichlorhydrin polymers.

8. A process according to any preceding claim in which the
cationic polymer comprises polymer that has IV 0.2 to 3dl/g and
is formed from monomer of which at least 50% by weight is

cationic.

9. A process according to c¢laim 7 1in which the cationic

polymer comprises polymer having IV at least 4dl/g.

10. A process according to any preceding claim in which the
flocculated solids are broken down to microflocs by stirring

before adding the anionic colloidal material.

11. A process according to any preceding claim in which the
suspension containing the aggregated solids is flocculated by
adding a second cationic polymeric flocculant before the

pressure filtration, wherein this second flocculant has IV at

least 4dl/g.
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12. A procesgs according to any preceding claim in which the

anionic colloidal material is an anionic swelling clay.

13. A process according to any of claims 1 to 11 in which the
anionic colloidal material is selected from anionic inorganic

polymers and anionic swelling clays.
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