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ABSTRACT

Industrial effluents treatment was investigated using ceramic Microfiltration (MF) and Ultra-
filtration (UF) tubular membranes. The comparison of performances between commercial
ceramic membranes based on alumina material and elaborated ones based on Tunisian clay
material was studied. MF and UF tests applied to cuttlefish effluent treatment were carried out
respectively with 0.2 um and 5 nm commercial membranes and 0.18 pm and 15 nm prepared
membranes. The results show that for the two processes, the performances in term of permeate
flux and quality of the treated wastewater using clay membranes was a little better than that

obtained with commercial one.

Keywords: Commercial membrane; Tunisian clay membrane; Cuttlefish effluent; Ultrafiltration;

Microfiltration; Industrial effluents

1. Introduction

Interest in separation by the use of membrane pro-
cesses has gradually increased during the last 20-25 y
in many fields. The use of membranes increases the
effectiveness of already existing processes and opens
new possibilities for separation.

In the area of waste water treatment, membrane
processes are often used in combination with other
processes to treat very complex effluents which have
often an important load of organic substances and
salt. The membrane process would enhance the water
treaded quality in order to water reuse [1]. Membrane
can be in polymer or in inorganic material. Ceramic
membranes have several advantages compared with
polymeric membrane notably in term of mechanical
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strength and chemical and thermal resistances [2—-4].
In addition, the amphoteric properties of ceramic
surfaces permits in the area of desalination to assure
selectivity of permeation and to produce water with
great performances compared to that resulted from
reverse osmosis [5,6]. However, the use of ceramic
membranes in the waste water treatment is limited
by the cost of membranes which is often 5 to 10 times
higher than that of organic membranes. Consequently,
a great deal of research has been devoted in recent
years to the development of new types of inorganic
membranes which include zeolites, carbon dense met-
als and porous ceramic oxides [7-10]. The preparation
of ceramic membranes from raw materials like clay
and apatite is a novel approach which has received
only limited attention in the literature [4-11]. These
materials are generally abundant (located throughout
the world) and of a very low cost.
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Thus, the development of clay-based inorganic
membranes could lead to an important new technologi-
cal application that would add economic value to the
used of the membrane processes in the environment.

Membrane processes such as reverse osmosis (RO),
nanofiltration (NF), ultrafiltration (UF), microfiltration
(MF), dialysis, electrodialysis (ED), membrane electroly-
sis (ME) and diffusion dialysis (DD) are considered as
first generation processes; whereas, second generation
processes are gas separation (GS), vapour permeation
(VP), pervaporation (PV), membrane distillation (MD),
membrane contactors (MC) and carrier mediated pro-
cesses. The performance or efficiency of a given mem-
brane is determined by two parameters, its selectivity (for
some processes measured as percent rejection or reten-
tion) and the flow (often denoted as flux or permeate rate)
[12]. Microfiltration (MF) is a pressure-driven membrane
process for the separation of fine particles, microorgan-
isms and emulsion droplets. The membranes used have a
microporous structure which separates fine particles with
a size in the range of 0.02-20 um. Therefore, MF is placed
between ultrafiltration and coarse filtration, which is not
a membrane operation. MF is the oldest membrane tech-
nology. It started at the beginning of this century with the
preparation of synthetic microporous membranes based
on cellulose [13]. Ultrafiltration is currently used for the
concentration of a wide range of protein products, includ-
ing recombinant therapeutics, industrial enzymes, and a
variety of food and beverage products [14,15]. Ultrafil-
tration membranes are normally rated by their nominal
molecular weight cut-off, which is typically defined as
the molecular weight of a solute that has a rejection coef-
ficient of 90%. However, there is no standardization in
this 90% value, and different manufacturers measure the
rejection using solutes with very different physical prop-
erties and under very different operating conditions [16].

The aim of the present work was to compare filtra-
tion performance of two types of tubular ceramic mem-
branes: commercial one based on alumina and elaborated
Tunisian clay membranes. Experiments were carried out
in order to reduce pollution load of the cuttlefish effluent
generated from a sea product-freezing factory located in
Sfax (Tunisia) which consumes a great amount of water
for the washing baths (about 150-200 m®/day) which
is generally discharged in the littoral. Before freezing,
the cuttlefish must be washed to eliminate black colour
caused by the ink (containing melanin) contained in the
animal bag, resulting in highly coloured wastewater [17].

2. Methods and materials
2.1. Materials

Two types of the commercial tubular membranes
supported on the alumina were purchased from Pall
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Fig. 1. A photograph of variety of used MF and UF membranes.

EXEKIA (Fig. 1). Tubular membranes with external/
internal diameter of 10/7 mm and the length of 150 mm
were used. The structure of alumina support is mac-
roporous (average pore diameter equal 0.8 um). The
microfiltration zirconia membrane has an average pore
diameter of 200 nm. The selective layer of the ultrafiltra-
tion membrane was prepared from titania with an aver-
age pore diameter of 5 nm.

Two Tunisian clay membranes were prepared in our
laboratory from the support to the finest layer. Tubular
supports were elaborated with external/internal diame-
ter of 9/7 mm and the length of 150 mm with an average
pore diameters of 9.2 um. Microfiltration layer present
an average pore size of 0.18 um and ultrafiltration mem-
brane with 15 nm diameter of pore.

2.2. Apparatus

Fig. 2 shows the schematic diagram of the MF and
UF pilot plant used for the treatment of the industrial
effluent. The plant is equipped with a 5 I feed tank.
The transmembrane pressure was controlled by adjust-
able valves. It varies in the range of 0-3 bars. The tem-
perature is controlled by a cooling device inserted into

"' Crossflow

Filtrate Flow

Fig. 2. Pilot plant general scheme (microfiltration and ultra-
filtration).
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the feed tank. In our case, the flow velocity and the
temperature of the solution are fixed respectively at 2.5
m/s and 25°C. The tubular membrane (15 cm length,
6 mm of diameter and 26 cm? filtering area) takes place
in a stainless steel carter. The transmembrane pressure
was regulated by means of nitrogen gas. The membrane
was conditioned by immersion in pure deionized water
for a minimum of 24 h before filtration tests. The dura-
tion of each test normally varied from 1 to 3 h. Permeate
samples were taken and analyzed at each run. A thermal
treatment was used for membrane regeneration.

The techniques used to analyse collected samples of
feed, retentate and permeate are reported below:

1. Turbidity: using a HACH «2100 N Turbidimeter»
turbidimeter.

2. Dissolved organic carbon: using a <REHROTEST TRS
200 NFT 90-101» COD analyser.

3. Conductivity: using a «Consort K 911» conductometer.

2.3. Wastewater

Wastewater samples were taken from the wastewa-
ters produced by sea-products freezing factory located in
Sfax, Tunisia. In order to determine the physico-chemical
characteristics of the effluent to be treated, the wastewa-
ter was monitored through daily sampling and analysis.
A large number of analyses were conducted on each
sample and the following parameters were measured:
turbidity, COD, temperature, pH and conductivity. The
COD values of raw effluent from the production process
ranged between 6000 and 7000 mg/1 with an average
concentration of 6042 mg/1. The turbidity measured for
the raw effluent presents a very high value which is at
about 700 NTU (Table 1).

2.4. Preliminary treatment of raw effluent

The general scheme wastewater treatment generally
involves two main stages: (i) a primary clarification (or
primary treatment) using physico-chemical methods such
as a coagulation/flocculation process with a flotation or
decantation step to remove mainly the suspended solids
and colloids, and (ii) a decontamination step (or second-

Table 1
Turbidity, COD, conductivity and pH of raw and coagulated
effluent

Turbidity COD Conductivity pH

(NTU) ~ (mg/)  (mS/cm)
Raw effluent 700 604240 52 6.89
Effluent after 49 376542  49.5 6.59

coagulation

ary treatment) using membrane treatment. Flocculation
using flocculating agents is widely used in industrial pro-
cesses including water and wastewater treatment [18,19].
The coagulation/flocculation process consists of combin-
ing insoluble particles (suspended solids, colloids) and/
or dissolved organic matter into large aggregates, thereby
facilitating their removal in subsequent sedimentation,
floatation and filtration stages. The flocculating agents
used can be classified into three groups [18-20]: (i) min-
eral additives including metal salts such as polyalumi-
num chloride (PAC), (ii) synthetic organic polymer such
as polyacrylamide- and polyacrylate-based materials and
(iii) naturally occurring flocculants such as sodium algi-
nate and starches.

In this study before the filtration runs, a pre-treatment
process consisting in coagulation using Alumina salt
was performed in order to prevent the fouling on the
membrane surface by reducing the pollution load. Based
on experimental studies of Ellouze et al., the coagulation
process is largely enhanced by the addition of alumi-
num salt (optimal quantity is 165 mg/1) to the effluent
pretreated with, due to the increase of density of flocks
(large particles) formed by the association of fine col-
loids which can be removed by prefilltration [21].

2.5. Microfiltration

Microfiltration experiments were carried out on the
pilot units (Fig. 2), functioning in mono-staged mode
of tangential filtration. The transmembrane pressure
(TMP) was controlled by an adjustable valve at the filter
outlet. It varies in the range of 1-3 bar. Temperature was
kept at 25°C by a thermal exchange system. In crossflow
microfiltration CMF, the fluid to be filtered flows paral-
lel to the membrane surface and permeates through the
membrane due to a pressure difference (Fig. 3). The per-
meability of interest in microfiltration or ultrafiltration
process is that with respect to the solvent Eq. (1):

Pressure meter

Tank valve
Flowmeter /

Feed Gas

Module
Pressure meter
Recycling pump

Membrane

Fig. 3. Principle of crossflow filtration.
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L, =
P TAP
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where | is the volumetric filtrate flux (volume flow rate
per membrane area) and AP is the transmembrane pres-
sure driving force. L_is often referred to as the hydrau-
lic permeability since water is the typical solvent, and
the data are often normalized by the solvent viscosity to
account for the effects of temperature.

Microfiltraion permeate was always collected to
measure the initial turbidity, COD, pH and conductivity.

Before and after each experiment, membranes were
cleaned by basic acid washing and the system was
rinsed with distilled water before and after each wash-
ing. Permeability of membranes by distilled water was
measured until the initial permeability was achieved.

2.6. Ultrafiltration

Ultrafiltration experiments were carried out on the
same pilot units (Fig. 2) and with same conditions used
in microfiltration process. Ultrafiltration membranes are
normally rated by their nominal molecular weight cut-
off, which is typically defined as the molecular weight of
a solute that has a rejection coefficient of 90%. Concentra-
tion was determined by ionic chromatography and the
rejection rates, denoted R, were calculated using Eq. (2).

R:(l—cijxwo )

0

where C; represents the initial concentration of the
salted solution and C, the concentration of permeate. For
clay ultrafiltration membrane a rejection rate of 90% is
obtained for molecular weight larger than 185 kDa, this
value will be considered as the cutoff of the synthesized
membrane (Fig. 4).
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Fig. 4. Rejection rates of dextran polymers.

2.7. Microfiltration associated with ultrafiltration

The first step carried out in this part is a microfiltra-
tion. Permeate obtained by microfiltration is collected in
a large beaker. It is poured into the tank of the filtration
pilot. The microfiltration membrane is changed by an
ultrafiltration membrane. It is then processed again by
the ultrafiltration membrane. The same filtration condi-
tions are followed for this type of procedure. In order
to determine the physico-chemical characteristics of the
obtained permeate after the tow step of microfiltration
and ultrafiltration permeate was analyzed. A large num-
ber of analyses were conducted on each sample and the
following parameters were measured: turbidity, COD,
conductivity and pH.

2.8. Preparation and characterisation of the membrane

Clay powders mixed with some organic additives
can be extruded to form a porous tubular support. After
firing, the support showed an average pore diameter of
9 um and a porosity of 49%. This porous ceramic tube
was used as support to prepare microfiltration and
ultrafiltration membranes [21].

The elaboration of macroporous ceramics was car-
ried out by shaping of a ceramic paste, followed by
the consolidation by sintering. The process of devel-
opment is described in Fig. 5. The preparation of the
active layer based on clay too was performed by the
slip casting method. A deflocculated slip was obtained
by mixing a mineral powder, PVA (12 wt%), and water.
The water permeability measured for the membranes

Clay powder

Mixing Organic fddmves
Pugging Water
E . B Tubular
xtrusion ) ;
configuration

Wet tubes

Drying + sintering

P e—— |

Ceramics

Fig. 5. Various steps of preparation of porous ceramics.
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heated at 900°C and with a mean pore size of 0.18 um is
867 1/h m? bar. The obtained membranes can be used in
microfiltration process [10]. Illite ultrafiltration top layer
with 15 nm average pore size, have been deposit on the
clay microfiltration layer previously prepared using
aqueous colloidal suspensions. The top layer thickness
was about 5 um [11].

3. Results and discussion
3.1. Coagulation performances

Table 1 shows a comparison between raw and pre-
treated effluent by coagulation process. Alumina salt is
coagulant agents used on COD and turbidity reduction
performance. The COD value of raw effluent is 6042.40
mg/1. After coagulation process, the COD values obtained
is 3765.42 mg/1. The turbidity values of raw effluent
decreased from 700NTU to 49NTU after coagulation pro-
cess. The results showed that coagulation process lowered
COD by 38% and turbidity by 93%. Table 1 show that the
treated effluent can be potentially highly polluted even
after treatment by coagulation, the degree of pollution
well explained by the high values of COD and turbidity.

3.2. Microfiltration performances

MF test carried out by keeping constant the initial
concentration of the raw effluent by returning both per-
meate and concentration to the feed reservoir. This run
was carried out to obtain preliminary information about
the fouling tendency of the membrane through the
study of the behaviour of the permeate flux as a func-
tion of operating time as well as of the transmembrane
pressure (TMP).

Fig. 6 shows the variation of permeate flux versus the
TMP for microfiltration membranes. This Figure shows

102
100 1 X
98 | /
96 |

94 |
92|
90 |

Permeate flux (L/h/m?)

—O0— Commercial Membrane

88 -
—X— Clay Membrane

86 - . .
0 1 2 3 4
Transmembrane Pressure (bar)

Fig. 6. Variation of permeate flux with TMP for microfiltra-
tion membranes.

that the permeate flux is linearly increased with increas-
ing TMP for clay and commercial membrane. However,
the performances in term of permeate flux are slightly
better with the clay membranes. The MF permeate flux is
about 93 1/h m? for clay membranes and 87 1/h m? for UF
membrane. The obtained results refer to average samples
taken at different periods of experiments. Table 2 shows
that the quality of permeate seems to be highly satisfac-
tory in term of turbidity and COD reduction for commer-
cial and clay membrane. The conductivity values were
usually in the range of 45-50 mS/cm. The turbidity of
the microfiltrated effluent by commercial membrane was
0.91, 1.39 and 3.62 NTU respectively for 1, 2 and 3 bar.
For permeate obtained by clay membrane the values of
turbidity was 0.86, 1.1 and 1.57 respectively for 1,2 and 3
bar. Turbidity values of permeate obtained by clay mem-
brane were significantly lower than obtained by com-
mercial membrane. The COD values were in the range
of 1467-1985 mg/1 for commercial membrane and in the
range of 1194-1467 mg/1 for clay membrane.

The effect of transmembrane pressures on turbidity
and COD rejection was depicted in Figs. 7 and 8. The
retention of Turbidity was about 98.14% for commercial

Table 2
Turbidity, COD, conductivity and pH of microfiltrated
effluent by commercial and clay membrane

Pressure Turbidity COD  Conductivity pH

(bar) (NTU)  (mg/l) (mS/cm)
MF 1 091 146744 50.54 6.03
Comftr)lercial 2 1.39 1899.04 48.86 6.62
Membrane 5 3.62 1985.36 45.66 6.32
MF 1 0.86 1194.80 49.54 6.56
Clay . 2 1.10 1381.12 54.40 6.47
Membrane 5 1.57 146744 4795 6.57
//'- B Commercial membrane

29 "’ /"' Clﬁv membrane
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Fig. 7. Effect of transmembrane pressures in microfiltration
on turbidity reduction.
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Fig. 8. Effect of transmembrane pressures in microfilration
on COD reduction.

membrane and 98.24% for clay membrane when oper-
ated at 1 bar TMP. At lower pressures high retention was
found for tow type of membrane. As pressure increases,
more melanin permeates through the membrane leaving
most of solutes to through the pores of the membrane by
increasing transmembrane pressure and subsequently
decreased rejection.

3.3. Ultrafiltration performances

In a general way; effluents showed a remarkable foul-
ing character with respect to ultrafiltration membranes,
as shown by comparisons with flux water. The nature
of the permeate had a strong impact on ultrafiltration
performances.

Fig. 9 shows the evolution of permeate flux versus
transmembrane pressure for each one of commercial
ultrafiltration membrane and elaborated ultrafiltration
clay membrane. For two types of used membranes the

46
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39
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Transmembrane Pressure (bar)

Fig. 9. Variation of permeate flux with TMP for ultrafiltration
membranes.

flux of permeate increased with transmembrane pres-
sure applied. Flux of permeate obtained for clay mem-
brane is higher than those recorded with commercial
membrane. Indeed, permeate flux is 42 1/h m? for clay
membrane and 40 1/h m? for commercial membrane.

Table 3 gives the main physicochemical parameters
analyzed for permeate obtained by UF commercial mem-
brane and UF clay membrane. These analyses show vari-
ability in the turbidity and COD values for two types of
membranes. This variability depends essentially on the
nature and performance of the used membranes.

For commercial membrane, the values of COD (from
1367 to 1830 mg/1 with TMP from 1 to 3 bar) and of tur-
bidity (from 0.85 to 2.06 mg/1 with TMP from 1 to 3 bar).
For clay membrane, the values of COD (from 1095 to
1405 mg/1 with TMP from 1 to 3 bar) and of turbidity
(from 0.7 to 1.8 mg/1 with TMP from 1 to 3 bar). Per-
centage reduction of turbidity and COD as a function
of TMP has been shown in Figs. 10 and 11. Both the tur-
bidity and COD reduction have been found to increase
with decrease in TMP, which could be attributed due to
the higher rejection at lower TMP. Turbidity of perme-
ate was found to get reduced by 98.26% for commercial
membrane and 98.57% for clay membrane when UF was
carried out at a TMP of 1bar, whereas, COD was reduced

Table 3
Turbidity, COD, conductivity and pH of permeate obtained
by microfiltration associated with ultrafiltration

Pressure Turbidity COD  Conductivity pH

(bar) (NTU)  (mg/l) (mS/cm)
UF 1 0.85 136744 4550 5.74
Commercial 115 1565.50 37.50 597
Membrane 2.06 1830.60 4790 594
UFClay 1 0.70 109545 35.50 5.81
Membrane 5 1.05 122550 48.90 594
3 1.80 1405.50 46.70 6.03
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Fig. 10. Effect of transmembrane pressures in ultrafiltration
on turbidity reduction.
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Fig. 11. Effect of transmembrane pressures in ultrafiltration
on COD reduction.

by only 63.67% for commercial membrane and 70.9% for
clay membrane a TMP of 1 bar. In fact, at all the TMP
level, turbidity reductions were found to be more than
the corresponding COD reduction on percentage basis.
As the COD is caused by the presence of low molecular
inorganic chemicals also, which might pass through the
membrane, may give less percentage of COD. In term
of quality, Fig. 12 shows a noticeable elimination of sus-
pended matter illustrated by the change of the effluent
color as well as the elimination of the turbidity.

3.4. Ultrafiltration performances combined with
microfiltration

Table 4 shows average reduction of COD and tur-
bidity retention compared to other process. In order to
explain these differences, a physico-chemical analysis of
permeate has shown important composition disparities
between effluents resulting from this processes and the
two other process used previously. Like other processes,

. Raw

effluent

Fig. 12. A photograph of cuttlefish effluent before and after
MF and UF treatment.

Table 4
Turbidity, COD, conductivity and pH of ultrafiltrated effluent
by commercial and clay membrane

Pressure Turbidity COD  Conductivity pH

(bar) (NTU)  (mg/l) (mS/cm)
MF+UF 1 0.80 1120 4340 5.64
Commercial 1.05 1270 41.30 5.36
Membrane 1.76 1435  43.80 5.44
MF+UF Clay 1 0.64 867  43.50 5.86
Membrane 5 095 1027 44.60 5.27
3 1.46 1143 4520 543

percentage of reduction of COD and turbidity increased
at height transmembrane process. The combination of
ultrafiltration with microfiltration shows a very height
performances to those obtained with microfiltration or
ultrafiltration alone. The compatibility of this process
proved to be excellent.

3.5. Membrane regeneration

After each experiment, the membrane must be regen-
erated. The efficiency of the using protocol is verified
by the measurement of water flux. The regeneration of
the membrane was carried out by firstly, thermal treat-
ment at 300°C during 1 h, and secondly, by leaving the
membrane in distilled water. The used protocol appears
sufficient because we obtained the value of the initial
permeability of the membranes.

4. Conclusion

The purpose of this study was to evaluate the perfor-
mance of the clay membranes developed in our labora-
tory, in the cuttlefish effluent treatment. A comparison
with commercial membranes put into evidence the great
importance from an economic point of view of membranes
based on local material in the waste water treatment. Good
performances were observed in term of permeate flux and
pollution retention. For MF clay membrane, permeate flux
reached 100 I/h m? at a transmembrane pressure of 3 bars.
This value corresponds to the range of permeate flux val-
ues usually recommended at an industrial scale.
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