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Abstract. Low-cost ceramic–metal composite (cermet) membrane supports have been elaborated and
characterized. A plastic paste was prepared from kaolin (K), feldspar (F), sand (S), and two types of
aluminum (i.e., waste aluminum alloy (WA) and commercial aluminum (CA)) mixed with water. This
was followed by the preparation of a ceramic porous tube by extrusion and sintering at a temperature
of 1350 °C for 2 h. The samples were then characterized using porosity, permeability, scanning electron
microscopy (SEM), and chemical and mechanical properties to evaluate the effects of the addition
of aluminum to the porcelain matrix on the mixture (50% K, 25% F, and 25% S). The microfiltration
active layer was added on the support by a slip casting method using 63 µm kaolin powder, water,
and polyvinyl alcohol solution (PVA); after drying at room temperature for 24 h, the microfiltration
layer was heated to 650 °C for consolidation. SEM observation showed homogeneous layers without
cracks with 5µm and 9µm thick layers for the two membranes prepared. Application of the membrane
for the treatment of textile wastewater showed a turbidity removal of more than 98% and a chemical
oxygen demand of more than 85%. This was a much better separation performance when compared
to other membranes.
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1. Introduction

The environment is a victim of several aggressive in-
dustrial activities. On the one hand, textile industries
release huge amounts of wastewater causing serious
damage to surface and underground water resources.

∗Corresponding author.

As a rough estimation in sequence, to process a ton
of textile, 230–270 tons of water has to be used [1–3].
The resulting effluents of such processes are highly
loaded with organic pollutants such as salts and syn-
thetic dyes [4]. In Tunisia, most of the textile indus-
tries discharge untreated wastewater into water bod-
ies, which percolates into the groundwater, posing
a threat to the health and socioeconomic life of the
people. Pretreatment, dyeing, printing, and finishing
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136 Mabrouk Ben Hamden and Jamel Bouaziz

Table 1. Chemical composition (mass %) of raw materials

Oxides SiO2 Al2O3 K2O Fe2O3 Na2O CaO L.O.I∗

K 48.47 36.43 0.97 0.88 0.63 — 12.07

F 79 12.45 2.8 — 4.58 0.47 0.6

S 94.58 0.93 0.29 — 3.81 — 0.36

L.O.I∗: loss on ignition at 1000 °C.

are the main steps in the dyeing and printing process
of textile industries [5]. A large amount of wastewater
containing many pollutants like reactive dyes, chem-
icals, and organic compounds is being generated by
all these processes.

On the other hand, large amounts of aluminum
wastes are being rejected from industries every day in
the form of chips and discards. The United States of
America alone were reported to have released 20,000
metric tons of this scrap in 2017 [6]. Still worse, the
chips deriving from the machining of semifinished
aluminum products are very difficult to recycle by
conventional methods due to their elongated spiral
shape, small size, surface contamination with oxides,
machining oil, etc. [7–10]. For this reason, Gronosta-
jski et al. [8] reported that several techniques such
as direct conversion of chips into compacted form,
powder metallurgy, extrusion, and remelting by us-
ing protective salt were attempted to recycle these
polluting materials. However, most of these efforts
seemed to have achieved little success because of
the high cost, complex techniques, and the absence
of adequate technology. Therefore, aluminum scraps
continue to be disposed of as solid waste and efflu-
ents from textile industries continue to contaminate
the environment.

Therefore, the purpose of this study was to join
the recent efforts of researchers such as Hamden et
al. [11], Sayehi et al. [12], and Abid et al. [13] to val-
orize this environment pollutant by transforming it
into a filtration membrane that can alleviate the dan-
gers of the contaminating textile effluents. To reach
this objective, this study purported to design a mem-
brane made of ceramics and metal, called cermet,
that would be capable of treating the contaminated
effluents to a satisfactory level. The newly designed
membrane would have many advantages. Besides
ridding the environment of the poisonous dyes and
heavy metals infecting the textile effluents, it would

Table 2. Characteristics of the commercial alu-
minum powder used

Granulometry 100 µm–200 µm

Density (g/cm3) 2.7

Purity >99%

valorize the useless metallic scraps released by the
various industries and reduce the cost of wastewa-
ter treatment since its basic raw materials such as the
metallic particles, kaolin, feldspar, and sand would
be either produced from industrial waste or freely
available in the environment.

2. Materials and methods

2.1. Materials and chemicals

In this work, the raw materials used for the prepa-
ration of tubular supports and membranes were
kaolin (K), feldspar (F), and sand (S) provided by
CARTHAGO CERAMIC Ltd., Sfax, Tunisia. There are
two types of aluminum: waste aluminum alloy (WA)
in the form of new scrap collected from the metal
manufacturing industry in the region of Sfax, Tunisia
and commercial aluminum in the form of commer-
cial powder (CA) acquired from Fluka. The chemical
analysis that was determined by inductively coupled
plasma (ICP) analysis is listed in Table 1.

Table 2 exhibits the main characteristics of the
commercial aluminum powder used in this study. As
can be clearly seen, its purity is greater than 99%.

Table 3 shows the chemical composition of the
waste aluminum alloy (WA) revealed by the X-ray flu-
orescence (XRF) technique. As can be seen, this ma-
terial contained 92.52% of aluminum. The rest was
made of impurities of Ca, Ti, Si, Fe, and Mn derived
from surface contamination with oxides and machin-
ing oil [9,10].
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Figure 1. Main steps of the ceramic tubular
support preparation.

Table 3. Chemical composition (mass %) of
waste aluminum alloy

Compound Al Ca Ti Si Fe Mn

WA 92.52 1.58 2.49 1.71 0.79 0.46

2.2. Elaboration of porous supports

The preparation of tubular porous supports was
achieved as follows:

• preparation of a plastic paste;
• shaping by extrusion;
• consolidation by sintering.

The procedure of the preparation of ceramic support
is described in Figure 1. The powders were mixed us-
ing a rotary mixer at a speed of 65 rpm for 15 min,
then kneaded by gradually adding distilled water and
hydrochloric acid to adjust the pH to 4, to obtain
a plastic paste with a good homogeneity and to al-
low the shaping. Thereafter, the paste was stored in
a closed box for 48 h in a humid environment to im-
prove its rheological property. After that, an extrusion
technique was used to form some tubular samples.
Tubular supports with external/internal diameter of

14/10 mm and length of 155 mm were produced. Af-
ter extrusion, the wet supports were set on rollers to
have a homogeneous drying at ambient temperature
during 24 h. Finally, the extruded pieces were sin-
tered using a programmable furnace (Nabertherm,
Germany) according to the thermal cycle given in
Figure 2. Two stages were determined: the first for the
elimination of organic additives at 400 °C for 2 h and
the second for the sintering at 1350 °C for 2 h. The
photograph of the fabricated membrane supports is
shown in Figure 3.

2.3. Preparation of the kaolin microfiltration
layer

The active microfiltration layer from kaolin was pre-
pared by a slip casting process. The optimal compo-
sition of the deflocculated slip was:

• 4 wt% of kaolin powder (100 g of natural
kaolin was grinded using a planetary ball mill
Retsch PM 100 at 400 rpm during 30 min,
then calibrated with 63 µm);

• 40 wt% of polyvinyl alcohol (12 wt% aqueous
solution);

• 56 wt% of water.

In the first step, a stable suspension has to be ob-
tained by putting in suspension the kaolin powder
in water. Then, 12 wt% aqueous solution of PVA was
mixed to the preceding suspension. Deagglomera-
tion of the mineral powder and homogenization of
the coating formulation was ensured by mechanical
stirring using an ordinary magnetic stirrer at its maxi-
mum speed. The coating formulation was poured in-
side the support for 6 min at room temperature while
the tube was closed at one end. A layer was then
formed on the inner side of the porous tube. After-
ward, the excess was drained out. Drying was realized
at room temperature for 24 h. The sintering temper-
ature was fixed at 650 °C for 3 h. A heating temper-
ature at 250 °C for 2 h is necessary in order to com-
pletely eliminate the PVA present in great quantity in
the slip [14]. A relatively slow heating rate (2 °C/min)
was needed in order to avoid the formation of cracks
during the consolidation of the active layer.

2.4. Characterization techniques

In this study, different techniques were used to in-
vestigate the properties of the raw materials and the
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Figure 2. The thermal cycle used in the ceramic support sintering.

Figure 3. Photograph of porous tubular supports: support containing 0 wt% Al (a), support containing
4 wt% of WA (b), and support containing 4 wt% of CA (c).

ceramic membrane; namely, the particle size distri-
bution, the X-ray diffraction (XRD), the mechanical
strength, the chemical resistance, the total porosity,
the mercury intrusion porosimetry, the water perme-
ability, and the scanning electron microscopy (SEM).

Particle size distribution was measured using the
laser particle size analysis (MASTERSIZER 2000). The
test was conducted in water suspension. In order to
avoid flocculation, samples were ultrasonicated for
5 min.

Phase identification was performed by XRD
(D8 Bruker Advance) powder diffractometer us-
ing Kα1 radiation of Cu (λ = 0.15406 nm). XDR ex-
periments were achieved in step-scan mode from
0° to 60° (2θ). The crystalline phases were identified
using the computer program X′-pert High Score.

SEM was used to examine the morphology, sur-
face quality, and thickness of intermediate top-layer
membranes. The microstructure was analyzed using

the Phillips XL 30 SEM working with 15 kV accelerat-
ing voltage.

The mechanical strength of sintered tubular sup-
ports was performed by the three-point bending
method using a LLOYD EZ50 testing machine. The
bending strength σ f was calculated in the function
of the following equation (Equation (1)) [15,16]:

σ f =
8 ·F ·L ·D0

π(D4
0 −D4

i )
, (1)

where F is the measured force at which fracture takes
place; L, D0, and Di are the length, external diameter,
and internal diameter, respectively. In this study, the
external diameter length of the tubular support was
95 mm, its external diameter was 14 mm, and its
internal diameter was 10 mm.

The corrosion tests were conducted using aque-
ous solutions of nitric acid (0.45 M) and sodium hy-
droxide (0.5 M) at room temperature for 8 days. All
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Mabrouk Ben Hamden and Jamel Bouaziz 139

Table 4. Compositions and sample designations of the supports

Sample label K (wt%) F (wt%) S (wt%) WA (wt%) CA (wt%)

T-M100 50 25 25 0 0

T-M96-WA4 48 24 24 4 0

T-M96-CA4 48 24 24 0 4

T-M90-WA10 45 22.5 22.5 10 0

T-M90-CA10 45 22.5 22.5 0 10

the samples were rinsed in distilled water and dried
at 110 °C. The degree of corrosion was evaluated by
the percentage of the weight loss.

The porosity of the sintered composites was de-
termined by helium pycnometer (Micrometrics, Ac-
cupys//1340 Gas pycnometer). Four specimens were
selected to determine porosity with an error of less
than 1% of the measured porosity value.

The pore size distribution of the sintered ce-
ramic supports was determined by a mercury in-
trusion porosimetry method (Micromeritics, Model
Auto pore 9500).

The turbidity was measured using a Turbidimeter
HACH RATIO 2100 A.

The laboratory pilot used for the filtration ex-
periments was equipped with a cross-flow filtration
system implementing a 15-cm long tubular ceramic
membrane (Figure 4). The tubular membrane was
placed in a stainless steel carter. The transmembrane
pressure (TMP) ranging from 1 to 4 bars was ensured
by an adjustable valve on the retentate side. Temper-
ature was kept at 25 °C by a thermal exchange system.
Before the filtration tests, the membrane underwent
a preprocessing step by immersing it in distilled wa-
ter for 24 h in order to get a constant flow at the be-
ginning of each test [17].

2.5. Compositions

Table 4 summarizes the composition of the various
samples.

3. Results and discussion

3.1. Powder characterization

In this study, both the supports and membranes were
prepared from kaolin, feldspar, sand, and two types

Figure 4. A schematic process used for the fil-
tration system.

Figure 5. Particle size distributions of the mix-
tures containing 0 wt% of aluminum, 4 wt% of
CA, and 4 wt% of WA.

of aluminum. The raw materials used were charac-
terized by Hamden et al. [11].

Figure 5 shows the evolution of the average par-
ticle size of the mixtures used to elaborate the sup-
ports. The curve revealed that the mixture prepared
from kaolin, feldspar, and sand displayed a bimodal

C. R. Chimie — 2021, 24, n 1, 135-146



140 Mabrouk Ben Hamden and Jamel Bouaziz

Figure 6. XRD diffractograms of the mixtures before and after heat treatment (T-M100 (a), T-M100 (b),
T-M96-CA 4 (c), T-M96-WA 4 (d)).

Figure 7. Water permeability of the tubular
supports containing various weight percent-
ages of aluminum after sintering at 1350 °C for
2 h.

particle size distribution with an average diameter
(D50) of about 20 µm.

The particle size distribution was multimodal with
D50 of approximately 23 µm and 29 µm for mixtures
containing 4% of CA and WA, respectively. Hence,
the addition of aluminum seemed to have caused a
broader particle size distribution.

3.2. Characterization of the support

3.2.1. Phase identification

Figure 6 presents the XRD patterns of the raw and
thermally treated composites. After heat treatment at

1350 °C for 2 h, all the peaks referring to kaolinite, il-
lite, and albite disappeared and a new peak of mullite
was detected. This mullite formation would be attrib-
uted to the reaction between metakaolin, feldspar,
and sand. However, the peaks attributed to quartz re-
mained unchanged, which would confirm the ther-
mal stability of this phase during heat treatment.

3.2.2. Determination of water permeability

Figure 7 shows the results of the variation of water
permeability for the prepared supports sintered at
1350 °C for 2 h. The flux showed a linear evolution
in the function of the pressure and the percentage of
aluminum. The water flux through the membranes
follows Darcy’s Law:

Jw = Lp∆P,

where Lp is the permeability of solvent (L/h·m2·bar)
and∆P (bar) is the applied TMP. Hence, the hydraulic
permeability showed approximately a ten-fold in-
crease after the addition of 4 wt% of aluminum to the
mixture. Indeed, the 4 wt% addition of WA boosted
the permeability from 9.9 to 86 L·h−1·m−2·bar−1 at a
pressure of 4 bar. Similarly, the 4 wt% addition of CA
resulted in a permeability of 70.12 L·h−1·m−2·bar−1

at the same pressure. Then, the hydraulic perme-
ability continued to rise steadily with the increase
of aluminum percentage and the pressure to reach
229.83 and 189.67 L·h−1·m−2·bar−1 with the addition

C. R. Chimie — 2021, 24, n 1, 135-146
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Figure 8. Flexural strength of the tubular sup-
ports with different wt% of aluminum sintered
at 1350 °C for 2 h.

of 10 wt% of WA and CA, respectively. As was demon-
strated by Issaoui et al. [18] in an earlier work, an in-
crease of metal contents to the porcelain supports
causes a higher flux. This was rightly explained by the
exothermic oxidation reaction of aluminum which
produces H2 gas and germination of the α-alumina
phase that reacts with the metal-kaolin to produce
porous mullite. Issaoui et al. [19] confirmed this idea
and added that such a reaction creates bigger voids
and pores in the elaborated cermet supports.

3.2.3. Mechanical strength

The mechanical resistance test was performed us-
ing the three points bending strength to control the
resistance of the support elaborated with different
wt% aluminum and sintered at 1350 °C for 2 h. The
bending strength of the support samples is shown in
Figure 8. There was a slight decrease in the bending
strength as a function of the increase of the metal
amounts from 0 to 10 wt%. This would be explained
by the increase of H2 gas formation creating voids
from the dissolution of aluminum in water-based
suspensions, which would promote the fragility of
the ceramic supports.

3.2.4. Total porosity

Figure 9 shows the total porosity of tubular sup-
ports with different wt% of WA and CA, sintered
at 1350 °C for 2 h. As can be seen from the bar
diagram, the addition of aluminum to the mixture
increased the porosity of the membrane. Further-
more, the addition of WA resulted in the creation of

Figure 9. Total porosity of the tubular supports
with different wt% of aluminum sintered at
1350 °C for 2 h.

Figure 10. Weight loss of supports containing 4
wt% of WA and 4 wt% of CA sintered at 1350 °C
for 2 h in HNO3 and NaOH as a function of time.

a higher porosity than that of CA independently of
the added amount. Finally, the addition of 10 wt%
yielded the highest porosity for both samples. In-
deed, total porosity increased from 20 to 45% as the
added amount of aluminum rose from 0 to 10 wt%.
In line with Issaoui et al. [18], this study would ex-
plain this phenomenon by the fact that the exother-
mic oxidation reaction of aluminum leaves behind
voids which would become pores.

3.2.5. Chemical resistance

The supports sintered at 1350 °C for 2 h were
subjected to corrosion resistance tests. The supports
were soaked at room temperature in solutions of
NaOH and of HNO3. The control of weight loss was
for 8 days. Figure 10 exhibits the weight loss of

C. R. Chimie — 2021, 24, n 1, 135-146
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Figure 11. SEM micrographs of the cross-section of the microfiltration containing 4 wt% of WA (a) and
the microfiltration membrane containing 4 wt% of CA (b) sintered at 650 °C.

supports containing 4 wt% of WA and 4% of CA sin-
tered at 1350 °C for 2 h in NaOH and HNO3 as a func-
tion of time. The degree of corrosion was character-
ized by the percentage of the mass loss. The mem-
brane supports showed a better acid corrosion resis-
tance than alkali. This could be due to the fact that
the reaction of the glass phase in the samples with
HNO3 solution was more difficult to occur than with
NaOH solution. Actually, it was the SiO2 in the glass
phase that hardly reacted with HNO3. In line with
Gao et al. [20], the Gibbs free energy between Al2O3

and H+ obtained from the Microsoft “HSC Chem-
istry 6” was equal to −112 KJ·mol−1 while that of
Al2O3 and OH− was equal to −10.56 KJ·mol−1. How-
ever, the SiO2 value contained in the glass phase was
higher than the Al2O3 value, due to the relatively low
dissolution and diffusion rates of the coarse alumina.
In other words, the reaction between SiO2 and OH−

represented by Gibbs free energy, which was equal to
−1075 KJ·mol−1, was dominant. Therefore, the mass
loss was lower in HNO3 than that in NaOH.

Therefore, the observed results in mass loss during
corrosion tests suggest that the prepared supports
had a good chemical corrosion resistance and were
suitable for applications involving acidic and basic
media.

3.3. Characterization of the microfiltration layer

3.3.1. Scanning electron microscopy

Figure 11 exhibits two SEM micrographs of the
section of the microfiltration membranes sintered at
650 °C containing 4 wt% of WA and CA, respectively.

Firstly, it was observed that the thickness of the fil-
tration layer was about 5 and 8.5 µm for the mem-
brane containing WA and that containing CA, respec-
tively. Secondly, the membrane surfaces seemed very
homogeneous and showed no cracks. Thirdly, there
seemed to be a strong adhesion between the support
and the microlayer. Therefore, it can be concluded
that the homogeneity of the membrane surface, the
strong adhesion between the layers, and their thick-
ness can be considered very adequate characteristics
of an efficient filtration membrane.

3.3.2. Mercury porosimetry

The average pore size of the optimized mem-
branes containing 4 wt% of WA and those containing
4 wt% of CA was determined by mercury porosimetry.
The pore diameter was centered around 0.8 µm for
the former and 1µm for the latter (Figures 12 and 13),
which would confirm that a microfiltration layer was
achieved.

3.3.3. Determination of microfiltration membrane
permeability

Figure 14 shows the water flux permeability in
function of the working pressure of the support and
the membrane containing 4 wt% of WA and that con-
taining 4 wt% of CA, both sintered at 1350 °C for 2 h.
Firstly, the water permeability of the membranes was
of 21.4 l/h·m2·bar for the membrane with WA and
22.73 L/h·m2·bar for that with CA. Secondly, it was
clearly observed that the increase of the applied pres-
sure resulted in a linear increase of the water flux
through both membranes. Finally, the flux of water
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Figure 12. Pore size distribution of the mem-
brane containing 4 wt% of WA sintered at
650 °C.

Figure 13. Pore size distribution of the mem-
brane containing 4 wt% of CA sintered at
650 °C.

followed the same pattern for the support and the
membrane despite the big difference in their perme-
ability rates.

3.4. Application to the treatment of the textile ef-
fluents: permeation properties and removal
efficiency

The study was conducted with real effluent textile
industry wastewater collected from the sewage of a
textile factory in the area of Ksar Hellal, Tunisia. As
was characterized by Masmoudi et al. [21], textile

Figure 14. Water flux permeability versus
working pressure of supports and membranes
containing 4 wt% of WA and 4 wt% of CA sin-
tered at 1350 °C for 2 h.

Figure 15. Variation of permeate flux in func-
tion of time (T = 25 °C, TMP = 4 bar).

wastewaters usually consisted of various pollutants
emanating from the dyeing, washing, and bleach-
ing baths and particularly contained chemical sub-
stances such as hydrolyzed reactive dyes, detergents,
salts, and auxiliaries such as surfactants and emul-
sifiers. The initial physicochemical characteristics of
the raw effluents are given in Table 5 in terms of con-
ductivity, chemical oxygen demand (COD), turbidity,
and salinity.

Cross-flow filtration tests of wastewater were per-
formed on two composite membranes containing 4
wt% of WA and 4 wt% of CA, respectively.

In this study, permeate flux of feed samples was
performed in function on working time through
the two CA and WA membranes as provided in Fig-
ure 15. Rapid and linear membrane flux declines
were observed during the first 30 min for both CA

C. R. Chimie — 2021, 24, n 1, 135-146
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Table 5. Characteristics of the effluent before and after filtration

Conductivity
(mS·cm−1)

COD
(mg·L−1)

Turbidity
(NTU)

Salinity
(g·L−1)

Raw effluent 2.94 795 135 1.59

Permeate MT-4 CA 2.81 98 1.5 1.52

Permeate MT-4 WA 2.86 110 2.1 1.53

and WA membranes. Then flux stabilized and per-
meate flux values of 20 L·m−2·h−1 and 25 L·m−2·h−1

corresponding to AW and AC membranes were
recorded, respectively.

The flux decline behavior can be explained by the
faster formation of cake by the suspended partic-
ulates and the organic substances retained on the
membrane surface, which allows the mass transfer
limitation. In line with Jung [22] and Han et al. [23],
this behavior can be explained by the formation of
concentration polarization and fouling due to the in-
teraction between the membrane material and the
solution.

Membranes developed here could be used to treat
textile effluents in order to reuse water and/or to re-
cover valuable species. In this context, reducing pol-
lution and discoloring feed solutions by using devel-
oped WA and CA membranes were studied. Permeate
samples were taken at the end of each filtration ex-
periment and analyzed to determine the removal ef-
ficiency in terms of conductivity, COD, turbidity, and
salinity.

Table 5 exhibits the characteristics of the efflu-
ent before and after filtration. It was clearly observed
that using the colorimetric method, the microfiltra-
tion through the membranes of CA and WA proved
to be very efficient in reducing the COD. Indeed, the
content in COD dropped from 795 to 98 mg·L−1 and
to 110 mg·L−1, respectively. Equally, both membranes
showed a satisfactory efficiency in decreasing the tur-
bidity of the effluent. The water turbidity was re-
duced from 135 NTU to 1.5 and 2.1 NTU, respectively.
However, the conductivity and the salinity were not.

Here, the MF membrane exhibits a high rejec-
tion of COD, turbidity, and color removal efficiency
(%) demonstrating the high performances of both
these novel membranes toward industrial wastewa-
ter treatment. The high rejection performances by
the microfiltration are surprising given the mem-
brane pore size.

Although comprehensive discussion of the mech-
anism of dye removal requires further investigation,
it may be assumed that the efficiency of the MF pro-
cess results from a delicate balance of filtration pro-
cess and interaction between the membrane surface
and the dye molecules.

It is to highlight that, Oun et al. [24] have explained
the complete elimination of the alizarin red dye to
the potential interactions between membrane mate-
rials and dye solutions.

Additionally, it is well known that these aromatic
molecules tend to aggregate due to hydrophobic in-
teractions between the aromatic rings of adjacent
molecules during the filtration process [25].

The improved rejection of the molecules rejection
may be due to the hydrogen bond and the formation
of molecule clusters; then, electrostatic repulsion ef-
fect can be enhanced and contributes to the rejec-
tion of high pollutant molecules. Consequently, the
high rejection of these organic pollutants is due to
the synergistic effects of the increase in molecule size
through aggregation and the strong electrostatic ex-
clusion effect from the membrane surface.

On the other hand, the adsorption of molecules
onto membrane surface during filtration can allow
the enhancement of the concentration polarization
layer and then result in more retention and thus the
increasing of rejection efficiency [26,27]. This was
also consistent with the observed decline in perme-
ate flux (Figure 15). Finally, given that microfiltra-
tion range (0.1 µm–10 µm) remains inefficient for
rejection of salts, no remarkable decrease of salinity
and conductivity was recorded, as can be seen from
Table 5.

3.5. Membrane regeneration

At the implementation of the microfiltration mem-
brane, there was an observed limitation caused by
the inevitable phenomenon of irreversible fouling.
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Table 6. Acido-basic washing sequence

Sequence Agent Concentration T (°C) Pressure
(bar)

Time
(min)

Rinsing then evacuation Water RT 3

Basic washing NaOH 5–10 g·L−1 60–70 3 30

Rinsing until neutrality Water RT 3

Acidic washing HNO3 5 ml·L−1 40–50 3 30

Rinsing until neutrality RT 3
∗RT: room temperature.

Indeed, this caused the permeate flux to decline
and then represented a serious obstacle for the per-
formance of the membrane. This was explained by
Han et al. [28] by the hydrophilic–hydrophobic inter-
actions between membrane surfaces and the perme-
ate. In this study, the hydrophobic membrane fouling
observed during the treatment process would be at-
tributed to the absence of hydrogen bonding interac-
tions at the membrane interface level. Table 6 shows
the acido-basic and distilled water regeneration se-
quence.

The regeneration accomplishment of the mem-
brane would be determined by its recuperation of a
permeability equal to that before clogging. Figure 16
shows the variation of the permeate flux through
both membranes WA and CA before and after regen-
eration.

3.6. Comparative study

Industrially, it is important to analyze the cost of
any process to determine its practical feasibility. Ex-
tensive research was carried out to develop low-
cost ceramic membranes with high performance
for different environmental applications, such as
the treatment of industry wastewaters [29–31], oily
wastes [32], and textile sludge [33]. In fact, the use of
ceramic membranes in the field of wastewater treat-
ment is still limited because of their higher cost [34],
as it is approximately 10 times higher than that of
polymer membranes [35]. Hence, a low-cost material
for the fabrication of ceramic membrane is needed.
In this study, porous ceramic membranes for filtra-
tion were successfully fabricated via kaolin and alu-
minum powders. In terms of price, the cost of mem-
brane containing CA is higher than the membrane

Figure 16. Variation of the permeate flux be-
fore and after regeneration of membranes with
4 wt% of WA and 4 wt% of CA.

prepared by the waste aluminum alloy (WA) since
1 kg of CA is purchased from Fluka (Spain) at e250
while WA is provided at no cost from local compa-
nies which dispose it as a waste. It can be said that the
membrane containing waste aluminum alloy is eco-
nomical, environment friendly, and does not need
any further processing before using it, making it a
better choice as an additive to ceramics for the fab-
rication of cermet membranes to be implemented in
textile wastewater treatment.

4. Conclusion

This study presented the elaboration and implemen-
tation of two membranes made of ceramics and CA
or WA intended for the filtration of textile wastewa-
ter. The membranes were prepared by the extrusion
procedure. It revealed that the addition of the metal
would increase the porosity of the membranes. The
active microfiltration layer obtained by slip casting
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process showed a satisfactory adhesion to the sup-
port. Furthermore, the application of the microfiltra-
tion membranes to the treatment of textile effluents
yielded very satisfactory results in terms of COD and
turbidity reduction and color improvement of the
treated effluent. Finally, the work compared the per-
formance of the membranes with CA with that with
WA. The tests revealed a slightly better performance
of the former. However, because of the availability of
WA at a lower cost than CA, and its environment pol-
luting character, it would be much more beneficial to
use it as an additive to kaolin instead of CA. In addi-
tion to the economic and environmental advantages
of the WA membranes, they may be used as a support
for ultrafiltration.
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