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(57) Abrégée/Abstract:
The present Invention relates to a process for treating more or less concentrated agueous effluents, such as processing waters,

iIndustrial or urban waste waters, and sludges, In particular sludges derived from these waste waters. The said process comprises
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(57) Abrege(suite)/Abstract(continued):

at least one step of physical separation of a liquid phase and of a solid phase dispersed In the said liquid phase and at least one
addition of chemical conditioning reagents and optionally of antifoaming agents. The process also comprises the injection of
carbon dioxide (CO,) into the said treated aqueous effluents, in an amount which Is sufficient to give them a pH of less than 7.8.
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“Treatment of aqueous effluents by injection of carbon

dioxide”

ABSTRACT

The present invention relates to a process for
treating more or less concentrated aqueous effluents,
such as processing waters, 1industrial or urban waste
waters, and sludges, 1in particular sludges derived from
these waste waters. The sald process comprises at least
one step of physical separation of a ligquid phase and
of a solid phase dispersed in the said liquid phase and
at least one addition of chemical conditioning reagents
and optionally of antifoaming agents. The process also
comprises the injection of carbon dioxide (CO,) 1into
the said treated aqueous effluents, in an amount which

is sufficient to give them a pH of less than 7.8.
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The present invention relates to the treatment
of aqueous effluents. The invention relates more
gpecifically to an improvement to processes, according
to the prior art, for treating such aqueous effluents.
The said i1mprovement facilitates the removal of
materials 1in suspension and/or colloidal materials
present 1in the treated effluents. These effluents,
which are more or less concentrated suspensions, can
consist 1n particular of processing waters, for example
from the paper industry, industrial or urban waste
waters, or even river waters or alternatively sludges,
derived in particular from such waste waters.

Processes for treating such effluents are
directed towards producing, depending on the context,
more concentrated effluents, ligquid sludges or
thickened sludges. They can also be directed towards
depositing charges on a substrate; more generally,
towards ridding the industrial effluents concerned of
at least some of their charges. The said processes
generally comprise several steps and involve large
amounts of treatment reagents: chemical conditioning
reagents and antifoaming agents, if necessary. These
chemical conditioning reagents of the inorganic salt or
synthetic organic polymer type, which are known to
those skilled in the art, are used as coagulant and/or
flocculant. They facilitate the aggregation of the
solid particles 1in suspension - small-sized particles,
colloidal particles - and, consequently, the subsequent
separation of the solid and ligquid phases by treatments
which exert essentially physical actions (decantation,
centrifugation, filtration, etc.). In paper
manufacture, 1n the processing waters, they improve the
aggregation and binding of the charges (such as talc,

kaolin, etc.) or of the pigments (organic or inorganic)

to the cellulosic substrate.
The costs of chemical reagents of this type can
represent more than 50% of the running expenses of an

aqueous effluent treatment plant, such as an urban

waste water purification plant.
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The 1mprovement, proposed according to the
present 1invention, developed earlier in the present
text, 1s advantageous 1in particular in that its use
allows a substantial reduction in the amounts of
treating reagents required and thus a saving of the
same magnitude 1n the running expenses of the process.

Processes for treating aqueous effluents in
which an inorganic acid is added to the said effluents
1n order to generate carbon dioxide therein have been
described 1n patent applications JP-A-51,124,042 and
JP-A-59,010,388. The said 1norganic acid consumes, by
chemical reaction, carbonates present in the effluent
or added thereto, so as to generate the said carbon
dioxide 1n situ. Document JP-A-59,010,388 describes the
Lreatment of very basic effluents. In these effluents,
the acid 1s added in an amount such that their pH is
brought to a value of between 4 and 5.

The carbon dioxide, thus generated in situ by
the action of a strong acid on an alkaline material,
exerts, with reference to the physical phenomenon of
flotation, a purely mechanical, beneficial action. This
beneficial action 1is based on the action of the gas
bubbles which rise to the surface: this is referred to
as a flotation action. It cannot be based on an actual
chemical action of the said gas, which, under the
conditions specified, can only dissolve in the effluent
in very small amounts.

It 1s moreover imagined that the beneficial
action of the said gas is countered by the drawbacks
present, on the one hand, in using a strong acid in the
process, and, on the other hand, in introducing anions
such as sulphate or chloride into the treated effluent,
via the addition of the said acid.

The 1mprovement according to the invention is
not based on the action, in the treated effluents, of
an 1norganic acid, or on the mechanical action of a
gas. It 1s based on the chemical action of carbon
dioxide, 1in other words on a doping of the treated

effluent with bicarbonates and carbonates. A person
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skilled 1n the art will readily understand this on
reading the text herein below.

The Applicant thus proposes a novel process for
treating more or less concentrated aqueous effluents,

such as processing waters, industrial or urban waste

waters, and sludges, 1n particular sludges derived from
these waste waters. Conventionally, the said process
comprises at least one step of physical separation of a
liquid phase and of a solid phase dispersed in the said
liquid phase (by processes such as decantation,
flotation, filtration, etc.) (a step of this type 1is
carried out on the effluent to be treated which
contains such a solid phase dispersed in a ligquid phase
and 1n the situation in which the process includes
several steps of this type, the said steps of this
type, which are different from the first step, are
carried out on some of the effluent which has undergone
the previous steps) and, 1in order to optimize the
implementation and the yield for this separation step,
the addition (at least one addition) to the treated
effluents of chemical conditioning reagents and

optionally, 1f necessary, antifoaming agents.

Characteristically, the said process also comprises the
injection of carbon dioxide (CO,) into the treated
effluents, in an amount which 1is sufficient to give
them a pH of less than 7.8.

This 1njection of carbon dioxide constitutes
the improvement within the meaning of the invention,
since the Applicant has shown its beneficial effect on
removing materials in suspension and/or colloidal
materials present in the treated effluent, and, more
generally, on the separation of liquid and solid phases
of the said effluent.

According to the invention, the said carbon
dioxide is not generated in situ. Nor is it injected to
carry out simple Dbubbling. It 1is injected under
conditions 1in which it exerts a real chemical action,
the said chemical action being reflected in particular

by a lowering in the pH of the effluent. To exert such
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a chemical action, 1t 1s dissolved in the effluent and
generates (bi)carbonates (bicarbonates and carbonates)
therein.

The Applicant at least partly accounts for the
surprising results observed, during the implementation
of the invention, by the presence of these
(bl) carbonates. By enhancing the action of the chemical
conditioning agents and the antifocaming agents, the
said (bil)carbonates allow a substantial saving thereof.
The said results are surprising since the same
beneficial effects are not obtained when sulphates are
added.

It 1s noted  There, incildentally, that the
injection of CO,, which is recommended in the context
of the present invention, not only gives the saving in
chemical reagents, but also prevents the formation of
struvite (Mg (NH,) (PO,) -8H,0), which 1is a product that
gives rise to problems of encrustation of the networks.
According to the prior art, FeCl, must be used to
achleve this aim. The injection of CO,, according to
the 1nvention, also has advantageous consequences on a
dephosphatation step, which is liable to be involved.

Mention has been made of an injection of CO,;
this should generally be understood as at least one
1njection of CO,.

Advantageously, the said injection of CO, 1is
carried out before or at the same time as the addition
of the chemical conditioning reagents and/oxr
antifoaming agents. According to advantageous
embodiments of the process of the invention, the
addition of antifoaming agents is preceded by an
injection of CO, and/or at 1least one addition of
chemical conditioning reagents 1is preceded by an
injection of CO,.

It 1s proposed here to place the invention more
specifically in its context. The said context is that
of the treatment of effluents:

- dilute aqueous effluents, which it is desired

simply to concentrate,
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- dilute aqueous effluents, which are treated
in order to obtain liquid sludges,

- liquid sludges which are treated in order to
obtain thickened sludges,

- dilute aqueous effluents which are treated in
order to obtain thickened sludges (this process passes
via liquid sludges),

- charged aqueous effluents which are treated
in order to rid them of at least some of their charge,
1n order, for example, to bind the said charges to a
substrate.

Depending on the case under consideration, it
may be considered that the introduction of CO,
according to the invention facilitates the removal of
the materials in suspension and/or colloidal materials
(which thus optionally constitute charges) present in
the effluent in order to recover them subsequently or
1n order to bind them to a substrate.

The treatment of the agqueous effluents can, in
any given case, take place according to several
variants which include a larger or smaller number of
steps. It can come down to a treatment of waters, a
Lreatment of sludges or take a variety of forms from A
to Z for the production of thickened sludges from
waters, etc. It comprises the addition to the

effluents, before they have been subjected to steps

directed towards separating a solid phase and a liquid
phase (filtrate), of chemical conditioning reagents or

chemical reagents for flocculation and/or coagulation,

such as 1norganic salts and/or synthetic organic
polymers. These reagents are familiar to those skilled
in the art and can consist in particular of aluminium
salts, such as aluminium sulphate (Al,(SO,),-18H,0) and
aluminium chloride (AlCl,-6H,0); aluminium polymers, in
particular poly(aluminium acrylates) (PAC); iron salts,
such as ferric chloride (FeCl;:-6H,0), ferric sulphate
(Fe,(8S04) 5;-9H,0) ; anionic polyelectrolytes, such as
acrylamide-acrylate copolymers of high molecular mass;

nonionic polymers, such as polyacrylamides; cationic
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polyelectrolytes, and 1in .particular those 1n which the
cationic groups are quaternary ammoniums Or amine
salts, etc.

The said treatment also comprises, if
necessary, the addition of antifoaming agents to dilute
effluents.

Such dilute effluents can be pre-neutralized
(so that their pH is between 8 and 8.5) and then, if
necessary, treated with antifoaming agents, then
treated with chemical conditioning reagents, before
being decanted and filtered. This thus gives, on the
one hand, a filtrate, and, on the other hand, either
more concentrated effluents or ligquid sludges. These
sludges or other sludges, which are moreover obtained,
can, after having optionally been subjected to a
natural fermentation operation or to a bacterial
digestion operation, be thickened, in one or more steps
during which they are further treated using chemical
conditioning reagents.

According to the invention, at least one
injection of CO, 1s thus involved in this sequence of
steps.

The saild 1njection can take place prior to the

process, 1n particular during the neutralization of the

effluents 1f such a neutralization is carried out.

In point of fact, it 1is not excluded from the
context of the 1nvention for the CO, to be injected in
an amount such that i1t achieves both the said
neutralization (reduction of the pH to a value of about
8-8.5) and 1ts role as a chemical agent within the
meaning of the invention (which brings the said pH to a
value of 1less than 7.8). However, it 1is generally
preferred for the neutralization of the effluents, if
this 1s necessary, to be carried out conventionally, in
particular by introducing an acid, and for the carbon
dioxide to be introduced after the said neutralization
(after the said acid).

Thus, 1n the context of an advantageous variant

of the process of the invention, the said injection of
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CO, 1s carried out, prior to the said process, before
or during the addition of <chemical conditioning
reagents and the optional addition of antifoaming
agents, after an optional neutralization step. The said
CO, 1s thus 1injected into liquid effluents whose pH is
generally between 8 and 8.5, in order to lower the said
pH to a value of less than 7.8.

In the situation 1in which antifoaming agents
are used, the said injection of CO, is advantageously
carried out before adding the said antifoaming agents.
This thus gives, as mentioned previously, a substantial

saving in the amount of antifoaming agents required for

the expected effect. In such a situation, it is not at .

all excluded to carry out at least one other injection
of CO, after the process, before or during the addition

of chemical conditioning reagents.

In the situation i1n which no antifoaming agents

are used, at least one injection of CO, 1is also
advantageously envisaged, before the addition of
chemical conditioning reagents.

It 1s thus understood that the addition of

antlfoaming agents 1s advantageously preceded by an

injection of CO, and that, in the absence of

antifoaming agents, at least one addition of chemical
reagents 1s advantageously preceded by an injection of
CO,. In point of fact, in the context of the process of
the i1invention, at least one 1injection of CO, 1is
advantageously envisaged before the introduction of
antifoaming agents and/or the introduction of chemical
conditioning reagents.

It 1s equally possible to envisage either a
single 1njection of CO,, advantageously prior to the
introduction of any chemical reagent of the antifoaming
agent or chemical 'conditioning reagent type, or a
plurality of injections of CO,.

The said CO, can be injected either into dilute
liquid effluents or into concentrated liquid effluents
or more or less thick sludges. It can be used, as

already mentioned, either in the context of processes
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for purifying aqueous effluents, or in the more general
context of i1ndustrial processes 1n which it is desired
to separate a dispersed solid phase from a liquid phase
containing 1it.

The said CO, can be 1njected 1in liquid or gas
form. It 1s advantageously injected in gas form.

The sald CO, can be i1njected into pipes or into
tanks or reactors. It can be 1injected through porous
walls. It 1s advantageously injected via (a) branch
connection(s) (at least one branch connection).

It has been mentioned that the said CO, 1is
1njected 1n an amount which is sufficient to bring the
pH of the effluent into which 1t 1s injected to a wvalue
of less than 7.8. Advantageously, it i1s injected in an
amount which 1is sufficient to bring the said pH to a

value of between 6.4 and 7.5, even more advantageously

between 6.6 and 7.3. It 1s generally recommended to

bring the value of the pH to about 6.8.

It 1s also pointed out here that:

- during the treatment of dilute suspensions
(to obtain more concentrated suspensions and in
particular ligquid sludges, or more generally to obtain
a solid phase separated from a liguid phase), it 1is
most particularly recommended to inject the CO, before
the introduction(s) of chémical flocculation and/or
coagulation reagents such as inorganic salts and/or
synthetic organic polymers (or even before the
introduction of antifoaming agents) ;

- during the treatment of 1liquid sludges
(optionally obtained directly from the said dilute
suspensions) in order to generate sludges with a higher
solids content, it 1is strongly recommended to inject
the CO, Dbefore the introduction(s) of chemical
flocculation and/or coagulation reagents such as
inorganic salts and/or synthetic organic polymers; this
(these) 1ntroduction(s) being intended to thicken or
(and) condition the said liquid sludges in order to
increase their capacity for dehydration. During the

treatment of the said sludges, two steps are generally
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envisaged: a first step referred to as a thickening
step, and a second step known as a mechanical
dehydration step. The CO, 1s thus introduced during at
least one of these two steps.

As will not have gone unnoticed by a person
skilled in the art, the process of the invention can be
carried out, without any difficulty, in existing
plants. Its economic advantage 1is evident to a user:
the partial replacement of treatment reagents, of the
processes of the prior art, with carbon dioxide (CO,)
allows a substantial reduction in the cost of the said
processes, since the cost of the said carbon dioxide
(added according to the invention) is about one-third
of the cost of the reagents replaced.

The 1invention 1s now described with reference
to the single figure attached. The said single figure
diagrammatically i1llustrates one embodiment of the
process of the i1nvention. It is, 1in fact, a “flow-
sheet” of a process for treating agueous effluents
(such  as waste  waters) which incorporates the
1mprovement of the invention.

The treated dilute aqueous effluents are first
neutralized. Next, in a so-called coagulation tank,
they are mixed with antifoaming agents (A) and polymers
(P), which are chemical conditioning reagents. Polymers
(P) are also used in the so-called coagulation tank.
The effluents thus conditioned  are subsequently
decanted and then filtered. Polymers (P) can be used
during the filtration. After the said filtration, a
filtrate is obtained, on the one hand, and 1liquid
sludges are obtained, on the other hand. The sludges
are then subjected to the action of bacteria in a
digester. On leaving the digester, they are thickened
by passage in an endless screw. On entering the said
endless screw, chemical conditioning polymers (P) are
added. The sludges thus thickened are further
conditioned using polymers (P), before being subjected
to a final step of mechanical dehydration. Thickened

sludges are thus obtained.
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It may be considered that the said process
involves two steps:

- a step, I, of treatment of dilute effluents,

- a step, II, of treatment of liquid sludges.

It 1s pointed out here that the polymers (P)
which are wused throughout the said process are not
necessarily of the same nature.

Characteristically, according to the invention,
downstream of the neutralization step and upstream of
the 1introduction of the antifoaming agents and the
first introduction of the polymers (P), CO, is injected
into the treated effluent. Downstream of the said
injection, the pH of the effluent is less than 7.8.

The process of the invention is finally
1llustrated by the example below.

The Applicant has used the 1improvement
currently claimed 1n the context of the treatment of
aqueous effluents in a paper industry. The Applicant
quantitatively evaluated the advantages of the said
improvement as regards the first steps of the process.

The treated effluents - dilute agqueous
suspensions, mainly charged with wood fibres, in a

proportion of about 10 g/l - are brought from the

factory 1n a first tank in which they undergo an
antifoaming treatment. They are then transferred into a
second tank, for coagulation. Thelir preconditioning is
then completed by adding flocculants thereto, in-line.
Thus preconditioned, they are subsequently decanted and
then filtered to generate 1liguid sludges. The said
sludges are subjected, downstream, to a digestion
operation and then conditioned before undergoing a
mechanical dehydration operation.

The 1njection of CO, is carried out on a pipe
for conveying the effluents from the factory to the
antifoaming-treatment tank. The effluent travels in the
said pipe, with a diameter of 200 mm, at a pressure of
2.5 bar and at a flow rate of 400 m’/h and its pPH 1s

between 7.2 and 7.8. The branch connection into the

sald pipe, for the injection of CO, is 1located 25 m
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upstream of the tank. The CO, 1s injected in gas form

at a pressure of 4 bar. The amount of CO, injected 1is
30 kg/h.

The said injection of CO, is in fact controlled
by measuring the pH of the effluent leaving the
antifoaming-treatment tank; this pH 1s stabilized
around the value 6.9.

Under these conditions, 1t was possible, by
virtue of the introduction of CO,, to reduce the amount
of antifoaming agents required by about 30% (by
welight) .

Similarly:

- the amount of coagulants (poly (aluminium
acrylates)) which are introduced on entering the
coagulation tank, downstream of the antifbaming-
treatment tank, were able to be reduced from 100 1/h to
50 1/h;

- the amount of flocculants (cationic synthetic
organic polymers) which are introduced, in-line,
downstream of the coagulation tank, were also able to
be reduced by about 30% (by weight).

After 1njecting the flocculants, the pH of the
effluent 1s stabilized at 7.

A person skilled in the art will have grasped
the 1mportance of the savings which can be made by
means of i1mplementing the improvement of the invention.

It 1s noted that an 1increase in the vyvield of

the screw presses (“tassters”) was moreover found,

downstream, at the level of the sludge die.
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CLAIMS:

1. Process for treating more or less concentrated
aqueous effluents, the said process comprising at least one
step of physical separation of a 1liquid phase and of a
solid phase dispersed in the said liquid phase and at least
one addition of chemical conditioning reagents,
characterized in that it also comprises the 1njection of
carbon dioxide (CO2) into the said treated aqueous
effluents, in an amount which is sufficient to give them a

pH of less than 7.8.

2. Process according to c¢laim 1, wherein the

effluents are processing waters, 1ndustrial or urban waste

waters, and sludges.

3. Process according to c¢laim 1 or 2, wherein the

sludges are derived from these waste waters.

4 . Process according to any one of claims 1 to 3,
wherein the at least one addition of chemical conditioning

reagents comprises an addition of antifoaming agents.

5. Process according to Claim 4, characterized 1in
that the said injection of CO, 1s carried out before or at

the same time as the addition of the said reagents and/or

antifoaming agents.

6. Process according to claims 4 or 5, characterized

in that the addition of antifoaming agents is preceded by

an 1njection of CO,.

7. Process according to any one of claims 1 to 6,
characterized 1n that at least one addition of chemical

conditioning reagents is preceded by an injection of CO,.
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8 . Process according to any one of claims 1 to 7,

characterized in that the said CO,; is injected 1in liquid or

gas form.

9. Process according to any one of claims 1 to 8,
characterized in that the said CO, is 1njected via at least

one branch connection.

10. Process according to any one of claims 1 to 9,
characterized in that the said CO, is injected in an amount
such that it lowers the pH o0f the treated effluent to a

value of between 6.4 and 7.5.

11. Process according to claim 1, wherein the pH of

the treated effluent 1i1s between 6.6 and 7.3.

12. Process according to any one of claims 1 to 11,
characterized 1in that, during the treatment of dilute
suspensions, the sald CO, 1S injected before the
introduction(s) of chemical flocculation and/or coagulation

reagents.

13. Process according to c¢laim 12, characterized 1in
that the chemical flocculation and/or coagulation reagents

are inorganic salts and/or synthetic organic polymers.

14. Process according to any one of claims 1 to 11,
characterized 1n that, during the treatment of liquid
sludges 1n order to generate sludges with a higher solids
content, the said CO, is 1injected before the introduction(s)
of chemical flocculation and/or coagulation reagents; this
(these) 1introduction(s) being intended to thicken or (and)
condition the said 1liquid sludges in order to increase

thelir capacity for dehydration.
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15. Process according to claim 14, characterized in

that the chemical flocculation and/or coagulation reagents

are inorganic salts and/or synthetic organic polymers.
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