This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Pt e STEVEN 4, CRANTR Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471
AND TECHAOLOGY Influence of Chemical Additives upon Both Filtration and Electroosmotic
b s | Dehydration of a Kaolin Suspension

C. Dussour?; P. Favoriti?; E. Vorobiev?
« DEPARTEMENT DE GENIE CHIMIQUE, UNIVERSITE DE TECHNOLOGIE DE COMPIEGNE,
COMPIEGNE CEDEX, FRANCE

Online publication date: 19 June 2000

To cite this Article Dussour, C. , Favoriti, P. and Vorobiev, E.(2000) 'Influence of Chemical Additives upon Both Filtration
and Electroosmotic Dehydration of a Kaolin Suspension', Separation Science and Technology, 35: 8, 1179 — 1193

To link to this Article: DOI: 10.1081/55-100100218
URL: http://dx.doi.org/10.1081/55-100100218

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1081/SS-100100218
http://www.informaworld.com/terms-and-conditions-of-access.pdf

Downl oaded At: 10:59 25 January 2011

SEPARATION SCIENCE AND TECHNOLOGY, 35(8), pp. 1179-1193, 2000

Influence of Chemical Additives upon Both Filtration
and Electroosmotic Dehydration of a Kaolin
Suspension

C. DUSSOUR, P. FAVORITI, and E. VOROBIEV*

DEPARTEMENT DE GENIE CHIMIQUE
UNIVERSITE DE TECHNOLOGIE DE COMPIEGNE
BP 20529, 60205 COMPIEGNE CEDEX, FRANCE

ABSTRACT

The filtration of a kaolin suspension and the electroosmosic dehydration of a
formed cake are studied. The influence of chemical pretreatments upon these two
stages is studied for various added compounds: salts, acids, coagulants, flocculants,
and surfactants. The main parameters of the process, such as the cake specific resis-
tance, the energy consumption, and the cake dryness, are compared. The added com-
pounds influence the process parameters differently. The choice of an appropriate
method of pretreatment depends on which of these process parametersis of interest to
improve. However, with an appropriate pretreatment, electroosmotic dehydration al-
lows cake dryness to be markedly increased at low energy consumption.

INTRODUCTION

Highly concentrated colloidal dispersions are generally difficult to dehy-
drate. Thus, obtaining a cake incorporating the smallest amount of liquid is
one of the parameters determining the efficiency of filtration processes used
in such different applications as chemical and mining industries and the stor-
age of urban and industrial wastes. Many of these sectorsareincreasingly con-
fronted by the problem of sludge disposal. Thus, any process allowing better
dehydration at lower cost is of interest.

For suspensions such as complex melts (industrial waste), mineral disper-
sions(silica, titanium oxide, clay), and organic suspensions (activated sludge),
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filtration and dehydration with the application of an electric field can be re-
markably effective (1). Studies have now advanced to the semi-industrial level
(2, 3), but energy consumption is generally rather high. Thus, there is a need
for supplementary methods to increase the efficiency of electroosmotic dehy-
dration and in particular to decrease energy consumption.

In apreliminary study (4) we attempted to show the best conditions to de-
hydrate a mineral suspension when a laboratory electrofiltration cell is used.
In the present work we are interested in the effect of chemical pretreatment
that can increase the efficiency of the electroosmotic dehydration of a kaolin
suspension. This mineral suspension was chosen because it is difficult to ob-
tain with less than 25 to 30% moisture after filtration (4).

In an industrial filter press the filtration and dehydration (by mechanical
compression of an elastic diaphragm) are carried out successively. Because
the mechanical compression stage is not effective for dehydrating the studied
kaolin suspension, this stage was substituted for by electroosmotic dehydra-
tion (without pressurization). This improvement of the separation process in-
volved improvement of both the filtration and electroosmotic dehydration
stages. The method we used consists of compl ete cake formation (ordinary fil-
tration) followed by electroosmotic dehydration. The effectiveness of the pro-
cess depends upon the presence of such chemical compounds as salts, acids,
coagulants, or surfactantsin the solution. Each of these compounds can be ad-
sorbed onto the solid surfaces and thereby modify the interactions between the
particles and their behavior in an electric field. Thus, some significant param-
eters, such asthe cake porosity, the cake specific resistance, or the size of par-
ticles, are modified when chemical compounds are added (5). In consequence,
the filtration and electroosmoatic flow rates are also changed. The filtration
flow rate, given by Darcy’slaw (6), is

1t 9P
waps (1 —€) 0z

(1)
where q is afiltration flow rate (m3m?-s); P is a pressure in the liquid phase
(Pa); zisaspatia coordinate (m); w isaviscosity (Pa:s); psisasolid density

(kg/mq); £ isacake porosity, and « is a cake specific resistance (m/kg) which
can be deduced from the Kozeny equation (7):

36k(1 — &)
Ps — P

where kisthe Kozeny constant and d isthe characteristic diameter of particles
(m).

Equations (1) and (2) show that the filtration flow rate, and in consequence
the filtration duration, depends upon the cake structure properties («, €, d)
which can be modified by a chemical pretreatment.

2
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The electroosmotic flow rateis given by Ref. 8. If the electroosmosisis car-
ried out without pressurization, the electroosmotic flow rate is given by

1 .
q= Odlel 3
Rapse

where o isan effective charge onto solid surfaces (C/m?3), re isaspecific el ec-
tric resistance ((dm), and i is acurrent density (A/m?).

Equation (3) showsthat the el ectroosmotic flow rate depends upon both the
hydrodynamic («, €) and electric (o, rg) cake structure properties. Therefore,
Egs. (1)—(3) show that the addition of chemical compounds can change the
properties either of filtration or of the stage of electroosmotic dehydration.

The aim of thiswork is to study the influence of chemical pretreatment on
both the filtration and the el ectroosmotic dehydration stages. To quantify the
whole process (filtration + electroosmotic dehydration), different parameters,
such as the cake specific resistance, the volume of filtrate, the energy con-
sumption, the duration of the electric field application, and the cake dryness,
are compared. A comparison between these parameters allows us to choose
which pretreatment to apply to obtain an overall improvement of the process.

MATERIALS AND METHODS

Electrofiltration Cell

The cell used in this study was described in a previous publication (4). A
schematic representation of the installation and its components is shown as
Fig. 1. The cell is alaboratory filter-press cell (filtration area: 50 cm?; cake
thickness: 2 cm) made of two iron plates, a polypropylene frame, and two fil-
ter clothes. Thiscell isequipped with an electric system including adirect cur-
rent generator (0500 mA, 0-500 V) and two grid like electrodes. The elec-
trodes system is platinum/iron. The suspension initially contained in the tank
Isintroduced inside the cell with the help of compressed air so that a cake can
be formed between the two filter clothes.

The filtrate is weighed with a precision balance (Am = 0.1 g) linked to a
computer. This alows for continuous measurement of the extracted volume,
V, with time, t. The generator is also linked to the computer for continuous
measurements of both the applied tension, U, and current intensity, I.

Experimental Protocol

The experiments were carried out according the following protocol. The
cake was first formed under a given pressure of 2 bars. No electric field was
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FIG.1 Laboratory electrofiltration cell (dimensions are of the cell and tank): (1) tank, (2) iron
plates, (3) polypropylene framework, (4) filter clothes, (5) electrodes, (6) locking screw.

applied through the cell until cake formation was completed. The electric field
was applied only when the cake was fully formed and when the filtration flow
was nil under atmospheric pressure. The electric current was then kept con-
stant for fixed periods of time: 20 minutes at 100 mA, 10 minutes at 200 mA,
and finally 100 mA once again. The voltage was increased when the amount
of water contained in the cake decreased. Thus the voltage application was
stopped at 250 V.

The experiments were carried out at room temperature (between 21 and
24°C). Most of them were run twice.

Chemical Compounds and Suspension

Three categories of solid chemical compounds (except liquid HCI) were
dissolved in water to prepare various pretreated suspensions: 1) inorganic
electrolytes[NaCl (Prolabo), FeCls (Fluka) and HCI (Fluka)]; 2) organic floc-
culants[(acrylamide copolymers provided by the Degremont Co.: AS20 (non-
ionic), AS25 (5% anionic), AS32 (10% anionic), AS34 (20% anionic)]; and 3)
nonionic surfactants [Brij 72 (HLB = 4.9) and Brij 76 (HLB = 12.4), pro-
vided by Aldrich]. Additionally, some experiments were carried out with two
or more additives taken from the same or different categories.

The suspension was of the kaolin kerbriend (average size of particles = 1.2
wm, ps = 2.6 g/lcm3). Before each experiment the dispersion was renewed.
The dispersions were prepared with water (conductivity: 0.6 mS/cm). The
concentration was 350 g of kaolin for each liter of water (350 g/L). The pH of
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the dispersion was then 7. The pH of the filtrate was still close to 7 after fil-
tration. However, due to the electrolysis of water, once the electric field was
applied the pH of the filtrate increased to 11. No significant changes in pH
were observed with pretreated suspensions. Thus, in our experimental condi-
tions (low chemicals/kaolin ratio) the electrolysis of water sets the final pH.

RESULTS

Table 1 summarizesthe average results of both filtration and electroosmotic
dehydration for each experiment.

Some experiments were implemented at various concentrations of additives
because the pretreatment involves the determination of an optimum concen-
tration (9, 11). Vaues obtained at various NaCl, AS20, or Brij concentrations
confirm that if not properly adjusted, the chemical pretreatment does not im-
prove the process efficiency. Highly concentrated solutions of flocculants
(above 100 to 250 ppm) or surfactants (above 0.01 M) were not studied. In
those cases the dispersion viscosity increases and filtration is very difficult.
Moreover, as known from the literature (9), overdosing with flocculants can
Induce a deterioration in the filtration.

Table 1 shows that without any chemical pretreatment, electroosmotic de-
hydration leads to an increase in cake dryness. Figure 2 showsthat it is possi-
ble to increase the dryness from roughly 68% up to 77%.

Moreover, using additives can improve the process efficiency. As can be
seen from Table 1, aimost all compounds belonging to the categories of inor-
ganic electrolytes or acidsimprove the efficiency (areduction of thefiltration
duration, an increase in the filtrate volume, and a decrease in the specific cake
resistance). The optimum concentration has been deduced from the NaCl re-
sults and thus taken as 0.003 M. Asis known from the literature (11), the ad-
dition of electrolytes raises the ionic strength in the suspension, there by re-
ducing the effective range of electrostatic repulsion. This causes the
coagulation of solid particles, which generally improves filtration perfor-
mance. Table 1 illustrates the effect of some electrolytes upon the filtration
stage.

Figure 3 shows plots of t/V = f (V) for the filtration of akaolin suspension
with and without the addition of inorganic electrolytes. The plot labeled
“kaolin” is for a pure kaolin dispersion without any pretreatment. The range
of accuracy of the experiments within experimental error (deduced from three
repeated experiments) is shown in Figs. 3 and 4. For reasons of legibility the
range of accuracy isnot shown for every value. Only the significant effectsare
discussed in what follows.

Figure 3 shows the best results obtained with each kind of inorganic com-
pound added at 0.003 M. The slopes of the straight part of the curves corre-
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FIG. 2 Influence of filtration and electroosmatic dehydration upon cake dryness (no added
chemical compounds).

spond to the values of specific cake resistance a presented in Table 1. The
smaller the slope of the straight part of the curves, the lower the value of a.. As
can be seen from Fig. 3 and Table 1, the values of o decrease when inorganic
compounds are added. For exampl e, the addition of NaCl (0.003 M) decreases
the specific cake resistance from 8.3 X 10*t0 5.1 X 10*? m/kg. The addition

t/v (s. m™)
" kaolin
610+
HCI1
4,107 + NaCl
FeCl3
2:1074
0 } } }
0 5104 110 3 1.5.10°3

V(m?)

FIG. 3 Influence of inorganic compounds (0.003 M) upon cake resistance.
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FIG. 4 Influence of inorganic compounds (0.003 M) upon energy consumption.

of HCI decreases the time of filtration (by 18%) and increases the volume of
filtrate (by 11%). The addition of electrolytes also leads to an increase of the
filtrate volume obtained during the electroosmotic dehydration stage. The fi-
nal dryness of the cakes after both filtration and electroosmotic stagesis in-
creased (up to 83.7% for HCI), but the time of electroosmotic dehydration is
somewhat longer when compared to the process without additives.

The results should also be analyzed in term of energy consumption. Figure
4 showsthe energy consumption (E = Ul) plotted versusthe volume of filtrate
extracted during the electroosmosic stage. As can be seen from Fig. 4, the ad-
dition of inorganic compounds increases the electroosmotic filtration volume
at lower energy consumption compared with a nonconditioned kaolin suspen-
sion. lonic compounds are thereforeinfluential both for decreasing the time of
electroosmotic dehydration duration and for lowering energy consumption.

The short electroosmotic time observed with the addition of FeCl; (Table
1) is due to araised average electroosmotic flow rate compared to NaCl and
HCI additives. The average value of the flow rate can be calculated with vol-
umes and electroosmotic duration given in Table 1. Thisresult can not be ex-
plained by lower cake specific resistance or lower cake porosity with the ad-
dition of FeCls. Values of these structure parameters after the filtration stage
are close for the addition of various inorganic additives [except NaCl (0.1 M)
which is not the optimum concentration]. Equation (3) showsthat adifference

in g for inorganic compounds may be due to a difference in the product @< Decser, Inc.
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re. In our protocol, electroosmotic dehydration is effected at constant electric
current. In this case, E is proportional to U and to re. Consequently, a lower
value of E involves alower value of re. Figure 4 suggests that E (and conse-
quently rg) islower with addition of FeCls. But Eq. (3) suggests that the prod-
uct o X rg should be increased by the addition of FeCl; (because of the in-
creased value of ). This means that the value of the effective charge (o)
should be increased by the addition of FeCl;. As Fe** are multivalent com-
plexing cations, they are more strongly bound at the kaolin/water interface
than areNa* or H*. Thisincreases the value of o and explains a shorter elec-
troosmotic period with the addition of FeCls. It seems, therefore, that elec-
troosmotic duration for ionic compounds depends on their effect onrg and o.

Most additives in the polymer flocculants category also improve process
performance. Table 1 shows that improvement mainly concerns filtration. In
fact, flocculants can markedly decrease the filtration time (up to 40%) and in-
crease the volume of filtrate (to 11%). Therefore an interesting influence of
flocculants concerns the specific resistances that can be lowered from 8.3 X
10'?t0 4.4 X 10* m/kg for AS32. Thisisshown in Fig. 5 which comparesthe
best plotst/V = f (V) with and without flocculants. This effect is explained by
an aggregation of the solid particles induced by the addition of high molecu-
lar weight polymer flocculants. Due to our experimental conditions (small
quantities of flocculants added), flocculation is based upon a bridging mecha-
nism. In thistype of flocculation, long-chain polymer molecul es are adsorbed
onto the particle surfaces by either electrostatic or hydrophobic bonding (11).
As a consequence of the bridging, the average particle size of the aggregates

t/v (s. m3)
107
6 kaolin
AS20
4,10 1 AS25
AS32

2:10" ]

0 T

0 1,103 2:107
V(m?)

FIG.5 Influence of flocculants (50 ppm) upon cake resistance. MarceL Dexker, Inc.
270 Madison Avenue, New York, New York 10016
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increases, which causes an increase in the porosity and a better dehydration
within a shorter time.

Flocculants are less efficient on the electroosmotic stage. However, they
can dslightly accelerate electroosmosis and decrease energy consumption Fig-
ure 6 presents the consequence of a shortened electroosmotic dehydration
stage: with AS32 the energy consumption is reduced. Figure 6 also showsthat
theionic degree of flocculants has an influence upon energy consumption: be-
low roughly 8 mL of extracted filtrate, AS20 and AS25 (non or dlightly ionic)
are better than AS32. The situation is markedly different when more than 8
mL of filtrateisextracted. Thusthe choice of aflocculant to lower energy con-
sumption depends on the volume one wants to attain for electroosmosis dehy-
dration. The value of the effective charge (o) may be increased with adsorbed
ionic flocculants. Thus, as for FeCl3, an increased value of o may explain the
lower energy consumption due to afaster electroosmotic time through the ad-
dition of ionic flocculants.

Additives in the surfactants category can decrease filtration performances.
Table 1 shows that long filtration time and increased cake specific resistance
(Brij 72) can result from the addition of surfactants. Therefore, the determina-
tion of the optimum concentration of surfactantsis also very important. This
isdemonstrated in Table 1 for Brij 76 at concentrations of 0.001 and 0.01 M.
However, despite the low filtration increase in effectiveness (Brij 76, 0.001
M) or even some deterioration of filtration (Brij 76, 0.01 M), surfactants are
most efficient on the electroosmotic stage. Among the studied compounds
they are the ones which lead to the shortest electroosmotic time. For this du-

E (KkWh/kg)
1.2 T+ AS20
0.8 —

AS32
kaolin
0.4 —
0.0 1 i f y
0 5 10 15 20 25
V(ml)
FIG. 6 Influence of flocculants (50 ppm) upon energy consumption. MaRCEL DEKKER, INC.
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E (KWh/kg)

kaolin

0.0

V(ml)

FIG. 7 Influence of surfactants (0.01 M) upon energy consumption.

ration, the energy consumption obtained isthelowest. Figure 7 showsthat one
obtains a 50% decrease in energy consumption in comparison to the kaolin
suspension without additives. Unlike flocculants, Brij decreases the energy
consumption whatever the extracted volume. Thislow energy consumption is
dueto afast electroosmotic dehydration and ahigh flow rate (Table 1). AsBrij
are nonionics, they do not change the conductivity, the electric resistance, nor
the adsorbed charge onto kaolin particles. However, adsorbed surfactants are
known to markedly change the wetting properties of surfaces (10), changing
them from hydrophilics to hydrophobics (a property used for mineral flota-
tion) and enhancing the flow of water at the solid/water interface. Thismay in-
duce alower liquid viscosity at the solid/liquid interface and explain the in-
creased flow rate obtained with surfactants during the electroosmotic stage.
Another improvement due to surfactantsis the final dryness of a cake. De-
spite the fact that surfactants give cakesthat are dlightly lessdried after thefil-
tration stage, Table 1 shows that the volumes of filtrate obtained during the
electroosmotic stage are roughly increased by 80%. This increase should
probably be linked to theinterfacial activity of the surfactants. It isknown that
as surface-active agentsthey can be adsorbed at the water/air interface and de-
crease the capillary pressure which takes place in porous media (10). Thus, it
IS possible to increase the volume of extracted filtrate without pressurization.
Finally results on the mixtures lead to the conclusion that the only parame-
ter markedly improved is cake dryness which increases to 86.5% with AS34

+ Brij76 + FeCl; + NaCl. Other results related either to specific resistange-. ixc.
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or time of filtration show that it is better to add the compounds separately
rather than to mix them. The influence of each compound upon the efficiency
of the process cannot be recognized when they are in a mixture.

CONCLUSIONS

The choice of achemical pretreatment depends upon the parameters which
have to be optimized during the filtration/el ectroosmotic dehydration process.
Therefore the choiceisdifferent if oneisinterested in obtaining either alower
cake resistance, alow electroosmotic stage duration, a lower energetic con-
sumption, or ahigh cake dryness. Moreover a given compound does not opti-
mize all parameters of both filtration and el ectroosmotic dehydration stages.
However, some main features can be deduced from a comparison of the influ-
enceof each category of compounds upon themost important parametersof the
process. specific cake resistance, energy consumption, and final cake dryness.

Filtration. Figure 8 comparesthe best plotst/V = (V) obtained for each
category of compounds. It is clear that the lowest specific resistance is ob-
tained with aflocculant whereas the surfactant gives a poor result.

Electroosmotic Dehydration. Figure 9 compares results related to
the decrease in energy consumption. The influence of the various compounds
involved has to be divided into two parts: low or high extracted volume of fil-
trate (roughly above 10 mL). At alow extracted volume of filtrate, FeCl; leads
to the lowest energy consumption, whereas AS34 and Brij are more efficient
above 10 mL.
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FIG. 8 Influence of various compounds on cake specific resistance. MarceL Dexker, Inc. ﬂ
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FIG.9 Influence of various compounds on energy consumption.

Cake Dryness. Figure 10 showstheinfluence of various compounds on
final cakedryness. Ascan be seen from Fig. 10, the dryness of acakeincreases
when the suspension is pretreated. The best results were obtained with HCI
and Brij 76.
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NaCl
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FIG. 10 Influence of various chemical pretreatments on cake dryness. Marcet Dexxer, Inc.
270 Madison Avenue, New York, New York 10016
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TABLE 2
Overview of the Influence of Each Category of Compounds: (—) Negative Effect,
(0) No Effect, (+) Positive Effect

HCI NaCl FeCl; Flocculants  Surfactants  Mixtures

Cake resistance + + + ++ 0 +
Cake dryness ++ + + + ++ ++
Energy consumption + + ++ + ++ +
Electroosmosisduration ~ — - - + + 0

Conclusions related to the other parameters are overviewed in Table 2.

In conclusion, it seems to be a general rule that the use of an appropriate
chemical pretreatment of a kaolin suspension always improve both the ordi-
nary filtration and the el ectroosmotic dehydration processes. The only restric-
tion to this rule is that the electroosmotic duration can be longer when inor-
ganic ionic compounds are added to the suspension.

NOMENCLATURE

filtrate flow rate (m3m?-s)

pressure in liquid phase (Pa)

coordinate (m)

viscosity (Pa-s)

solid density (kg/mq)

cake porosity

cake specific resistance (m/kg)

Kozeny constant

characteristic diameter of solid particles (m)
Os effective charge onto solid surfaces (C/mq)
re specific electric resistance ({dm)

i current density (A/m?)

U tension (V)

= N Jpo

Ul )
[

o X Q
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