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a b s t r a c t
The aim of this work is the manufacturing of flat microfiltration membrane made from Moroccan 
natural kaolinite clay and corn starch as porosity agent. The membrane was prepared by uniaxial 
pressing technique and sintering at 1,100°C. The effect of starch on membrane features was inves-
tigated from 0 to 15 wt.%. The membrane has a diameter of 37.8 mm and a thickness of 2.3 mm. 
In order to optimize its properties, prepared membrane was characterized in terms of apparent 
porosity, water absorption, apparent density, mechanical strength, pore size, microstructure, and 
water permeability measurements. Experimental results showed that the membrane prepared with 
10 wt.% of starch is considered as an optimized membrane which has an average pore size of 2.3 μm, 
the mechanical strength of 20.2 MPa, and permeability of 2,129 L h–1 m–2 bar–1. The optimized mem-
brane was applied for pretreatment of raw seawater for desalination and clarification of agro-food 
effluent using dead-end filtration under pressure of 0.12 bar. Filtration results showed that turbidity 
rejection achieves 73% and 99%, respectively for raw seawater and agro-food model effluent.
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1. Introduction

As well-known, oceans, seas, lakes, and rivers cover 
approximately two-thirds of the surface of the earth how-
ever only 3% of water is fresh that is not equally distributed 
across the globe. On the other hand, water demand rapidly 
increases due to development of industrial activities and 
eruption of human population [1]. Desalination of seawater 
could contribute to solve water issues. The main desalination 
technologies used are multi-effect distillation, thermal distil-
lation, and reverse osmosis. Nowadays, the most dominant 

technique is reverse osmosis due to its energy efficiency 
compared to the other technologies [2,3]. Desalination using 
reverse osmosis technology requires pretreatment of seawa-
ter in the upstream of reverse osmosis unit. It is critical for 
system life because the thin-film reverse osmosis membranes 
are subject to fouling by suspended matters presented in 
raw seawater that has a negative impact on the performance 
of reverse osmosis [4]. Microfiltration process could be 
suitable for pretreatment of seawater at low cost. Recently, 
several studies have been investigated microfiltration pro-
cess for pretreatment of seawater desalination. Polysulfone 
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microfiltration membrane was used for the removal of toxic 
micro-algae [5]. Yang and Kim [6] found that the microfil-
tration process is effective for the enhancement of turbidity 
removal and filtration flux of seawater by applying coagu-
lation. In another work, Corral et al. [7] found that reverse 
osmosis performance was more stable when microfiltration 
pretreatment was used.

In the past few years, significant efforts have been made 
to fabricate new ceramic membranes using cheaper mate-
rials instead of common industrial oxides (Al2O3, TiO2, 
ZrO2, etc.) because these industrial oxides are expensive 
and they also need high sintering temperature. This makes 
commercial ceramic membranes more expensive. In order to 
reduce their cost, ceramic microfiltration membranes were 
manufactured using local geomaterials. For instance, natu-
ral pozzolan was used for fabrication microfiltration mem-
brane which was used to treat textile effluent [8], bentonite 
clay was employed for the preparation of microfiltration 
membrane and applied for industrial effluents treatment 
[9], natural perlite was used to fabricate ceramic membrane 
that was applied for the treatment of industrial wastewa-
ter [10], and clay/phosphate mixture were employed for 
manufacturing microfiltration membrane for pretreatment 
of seawater desalination and industrial wastewater treat-
ment [11]. Therefore, it was proved that using local and 
natural resources in preparation of low-cost membranes, is 
a promising approach.

Kaolinite has unique physical properties such as high 
refractory and low plasticity [12]. In addition, kaolinite 
membrane has a hydrophilic behavior which is desired to  
enhance the permeability [13]. Kaolin, quartz, and calcium 
carbonate were used for the preparation of microfiltration 
membranes for the separation of oil and bacteria from aque-
ous solutions [14]. Kaolin, quartz, sodium carbonate, cal-
cium carbonate, boric acid, and sodium metasilicate were 
used to manufacture microfiltration membranes by wet 
route for application in chemical and biochemical processes 
[15]. Kaolin and starch were used to elaborate the micro-
filtration membrane by extrusion for a solution containing 
dextran [16].

In order to improve the permeability, several pore-form-
ing agents such as starch and carbon were used to control 
membranes properties [17]. Starch generates pores during 
the thermal treatment between 300°C and 600°C and it is 
considered as an appropriate porosity agent because it is 
cheap, environmentally friendly [18,19]. Referring to litera-
ture, some works were carried out using starch as porosity 
agent. For instance, 10 wt.% of starch was added to kaolin 
and phosphor acid, and sintered at 1,100°C to elaborate 
membrane with 36.81% in porosity [20]. Alumina was mixed 
with 8 wt.% corn starch, and sintered at 1,400°C to elaborate 
membrane with a porosity of 46% [21]. In other work, clay 
mixed with corn starch at 15 wt.% was sintered at 1,200°C to 
prepare membrane with 24% of porosity [22]. Furthermore, 
clay and 10 wt.% of corn starch was used and sintered at 
950°C to elaborate microfiltration membrane with 35.8% 
of porosity [23].

Moroccan kaolinite was used to elaborate tubular 
sup port for microfiltration and ultrafiltration composite 
membrane. Saffaj et al. [24] used kaolinite to manufac-
ture tubular support by extrusion and sintering at 1,225°C. 

The obtained support could not be directly used for micro-
filtration without deposition of supplementary mem-
brane layer since its pore diameter appears relatively high 
(10.25 μm). To elaborate the microfiltration ceramic mem-
brane many processes can be used such as tape casting, slip 
casting, extrusion, freeze casting, and pressing [25]. From 
these techniques, dry pressing is easier and faster method 
to elaborate ceramic membranes beside the fact that dry 
pressing is environmentally friendly since the process does 
not require water (the energetic benefit as there is no dry-
ing step) [10]. Furthermore, applying high pressure leads to 
obtain denser structure [26] and the increase of grains contact 
effectively contributes to the reduction of sintering tempera-
ture which is economically favorable [27].

The main purpose of this work is the elaboration of 
flat microfiltration membrane made from Moroccan nat-
ural kaolinite and starch. Flat membrane was obtained by 
uniaxial pressing method followed by sintering at 1,100°C. 
The effect of starch addition on properties of kaolinite mem-
brane was investigated. The optimized membrane was 
applied for pretreatment of raw seawater for desalination 
and also for clarification of agro-food model effluent.

2. Experimental

2.1. Raw materials

Raw kaolinite was collected from Rabat region, Morocco. 
It should be mentioned that kaolinite used in this work was 
characterized in detail in previous study [24]. Chemical 
composition analysis showed that the sample is essentially 
constituted of 80.00 wt.% of silica and 12.09 wt.% of alumina 
beside of low amount of other oxides such as K2O, TiO2, CaO, 
and Fe2O3 (Table 1). Corn starch ((C6H10O5)n, Merck KGaA, 
Germany) was used as porosity agent.

2.2. Preparation of kaolinite membrane

Kaolinite microfiltration membrane was obtained by dry 
route using a hydraulic press and sintering. The prepara-
tion process is illustrated in Fig. 1. As shown in the figure, 
kaolinite rock was crushed using ball mill to obtain small 
grains. The obtained powder was sieved through a sieve of 
50 μm. Thereafter, clay powder was mixed with corn starch 
at different contents from 0 to 15 wt.%. The homogenized 
mixture was poured in cylindrical stainless steel mold 
and pressed up to 954 bar for 10 min. Finally, the flat disk 
obtained was sintered in a programmable oven (Nabertherm  
L9/13/P320, Germany). Table 2 shows the composition 
of the prepared membranes.

Differential thermal analysis (DTA) and thermograv-
imetric analyses (TGA) were performed in a SDT 2960 TA 
instrument. The sample was heated to 1,100°C in a Pt cru-
cible in N2 flowing (3 L h–1) at heating rate of 10°C min–1. 
The thermal analysis was used to establish adequate pro-
gram for thermal treatment of green membranes (Fig. 2). 
The first plateau at 100°C corresponds to removal of residual 
moisture, this plateau is important to avoid cracks formation 
during the process [27]. The second plateau at 520°C is to 
ensure the transformation of kaolinite structure to metaka-
olin, also for corn starch removal. Finally, the last plateau 
at 1,100°C is for the consolidation of ceramic membranes.
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2.3 Membrane characterization

A scanning electron microscopy (SEM) JEOL IT 300, 
(Japan) was used to study the morphology of membranes 
surface, the structure of pores, and possible defects on pre-
pared membranes. ImageJ software (v.1.44e) was used to 
estimate the average pore size using SEM images.

The average pore size of the membranes was also 
estimated using Hagen–Poiseuille equation [28] (Eq. (1)):

d J
P

X
Pw= ⋅ ⋅ ⋅ ⋅2 8 δ

τ ∆
∆

 (1)

where d is the pore diameter (m), Jw (m s–1) is the water flux, 
δ (Pa s) represents the water viscosity, τ is the tortuosity fac-
tor, P (%) is the porosity of the membranes, ΔP (Pa) is the 
transmembrane pressure, and ΔX (m) is the thickness of the 
membranes.

Mechanical strength of the membranes was carried out 
using a three-point bending according to the American 
Society for Testing and Materials (ASTM) C674–88 methods. 

The samples are rectangular (60 mm in length and 20 mm 
in width) with the same thickness as flat membrane. Three 
samples were used to measure the mechanical strength for 
each membrane.

Chemical resistance of the membranes was evaluated 
by weight loss in acidic and alkaline solutions using 
respectively HCl solution at pH 1.5 and NaOH solution at 
pH 13.0 for a period of 7 d under atmospheric conditions. 
Membrane shrinkage was calculated using the following 
equation (Eq. (2)):
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where Db and Da are the diameter of the membrane before 
and after sintering, respectively. Diameter was measured 
by Vernier Caliper. Apparent density, water absorption, and 
apparent porosity were all measured according to ASTM 
C373-88 method.

2.4. Filtration tests

Filtration experiments were performed using microfil-
tration pilot in dead-end filtration mode at low pressure 
from 0 to 0.12 bar at room temperature (Fig. 3). The filtra-
tion area of the membrane is 5.3 cm2. The membrane was 
soaked in bidistilled water for 24 h before any filtration 
experiment.

The permeability Lp (L h–1 m–2 bar–1) at room tempera-
ture of the membranes was determined using bidistilled 
water. Besides, membrane performance was evaluated by 
clarification of two feed solutions:

• Raw seawater that was collected from Atlantic Ocean 
near Mohammedia city, Morocco. The sample was pre-
filtered through a sieve of 50 μm to remove the larger 
particles,

• Agro-food model effluent with high turbidity that was 
prepared by dispersing corn starch in water (0.5 g L–1).

Table 1
Chemical composition of raw kaolinite

Oxides SiO2 Al2O3 Fe2O3 Na2O K2O CaO MgO TiO2 SO2

wt.% 80.00 12.09 1.00 0.50 3.73 1.21 0.06 1.21 <0.2

Fig. 1. Membrane preparation process.

Fig. 2. Thermal treatment applied for kaolinite membranes 
synthesis.

Table 2
Composition of the elaborated membranes

Membrane Kaolinite (wt.%) Amount of starch (wt.%)

M1 100 0
M2 95 5
M3 90 10
M4 85 15
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Further characteristics of the two feed solutions are 
summarized in Table 3. Feed (A) is characterized by a high 
conductivity of 51 mS cm–1 due to the seawater salts, while 
the solution (B) is characterized by a high turbidity of 
444 NTU due to the presence of suspended corn starch.

Filtration experiments were made at 0.12 bar for 2 h. 
Turbidity, chemical oxygen demand (COD), pH, and con-
ductivity of the permeate were measured every 20 min. 
A portable turbidimeter (HACH 2100Q, USA) was used to 
measure the turbidity. The accuracy on turbidity measure-
ment is ±2%. Rejection (%) of turbidity was calculated by 
following equation (Eq. (3)):

R Tp
Tf

= −








×1 100  (3)

where Tp and Tf are the turbidity of permeate and feed 
solutions, respectively. pH was measured using a Fisher 
Scientific Accumet Basic AB15 pH meter (USA) and conduc-
tivity was measured with Meter Model 101 (Orion Research, 
Cambridge, Ma, USA). COD was determined according to 
Fujimori et al. [29] method.

After the filtration experiments of the two feed solu-
tions, the membranes were washed with bidistilled water 
for 20 min, after that water flux was performed. The flux 
recovery ratio (FRR) was calculated by following equation 
(Eq. (4)):
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where Jp,a Jp,b are the water flux before and after the experi-
ment, respectively.

3. Results and discussion

3.1. Thermal analysis of kaolinite

The thermal analysis profiles (TGA and DTA) are shown 
in Fig. 4. The total weight loss of the raw material was 
approximately 3 wt.% from 25°C to 1,100°C. TGA shows 
that there are basically two-weight losses. The first weight 
loss begins from 25°C to 250°C, it is mainly due to the phy-
sisorbed water. The second begins from 400°C to 620°C. 
It is corresponded to dehydroxylation of kaolinite [30].

DTA shows thermal behavior of kaolinite. The peak at 
570°C is endothermic and it is corresponded to dehydroxyl-
ation reaction in which the kaolin is turned to amorphous 
metakaolin phase according to Eq. (5) [31]. The peak located 
between 900°C and 950°C is exothermic, that is corresponded to 
spinel crystallization [32].

Al2O3·2SiO2·2H2O (kaolinite) → Al2O3·2SiO2  
  (metakaolinite) + 2H2O (5)

3.2. Characterization of kaolinite membrane

3.2.1. Visual inspection and shrinkage

As shown in Fig. 5, the membranes color had changed 
during the thermal process from grey to brown. It is highly 
probable that Fe2O3 and TiO2 are responsible for this color 
change. During the thermal process, their oxidation led to 
darker color. After sintering at 1,100°C, shrinkage increased 
weakly from 6.9% to 7.0% as the added amount of starch 
increased from 0 to 15 wt.% due to densification phenomenon.

Fig. 3. Microfiltration setup.

Table 3
Characteristics of the feed solutions

Parameters Raw sea- 
water (A)

Agro-food model  
effluent (B)

pH 7.7 5.53
Conductivity (mS cm–1) 51 0.0096
Turbidity (NTU) 6.3 ± 0.1 444 ± 6
COD (mg L–1) 5.9 –
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3.2.2. Surface characterization

SEM characterization was used to evaluate the densi-
fication and surface morphology of kaolinite membranes 
prepared with different starch contents (0–15 wt.%). As 
shown in Fig. 6, prepared membranes present good con-
solidation. In addition, the surface of the membranes 
seems homogeneous and it is free of cracks. Therefore, 
the addition of starch affected the surface morphology of 
the membrane, when the starch was added which contrib-
utes in the enhancement of porous microstructure of pre-
pared membranes. A progressive increase of pore size and 
pores number can be seen when the percentage of starch 
increases. When the percentage of starch increased the 

connectivity between pores increased as well and led to 
an open porosity to reach its maximum at 15 wt.%. Similar 
results were found by other researchers using starch in 
the preparation of porous ceramics [33,34].

3.2.3. Pore size

3.2.3.1. Average pore size measured from SEM 
characterizations

SEM pictures were used to estimate the average pore 
diameter of prepared membranes using ImageJ software. 
Fig. 7 shows the pore size diameter of the prepared mem-
branes. The estimated pore size was 2.2 ± 0.1 μm and 

Fig. 5. Views of obtained membranes before and after sintering.

  

(a) (b)

(c) (d)

Fig. 6. SEM images of kaolinite membranes containing (a) 0 wt.%, (b) 5 wt.%, (c) 10 wt.%, and (d) 15 wt.% of starch.
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remained fix when the amount of starch increased from 0 to 
10 wt.%. However, the pore size increased to 3.6 μm when 
the maximum of corn starch (15 wt.%) was used.

3.2.3.2. Pore size estimation using Hagen–Poiseuille method

The average pore size of the membrane was also esti-
mated using the Hagen–Poiseuille method. As it can be seen 
in Fig. 7, the pore size of the membranes increased when 
the amount of the added starch increased. The pore size 
of the membranes prepared with 0, 5, 10, and 15 wt.% of 
starch are, respectively, 1.9, 2.1, 2.3, and 3.4 μm. The aver-
age pore size slightly increased from 1.9 to 2.3 μm when 
the amount of starch increased from 0 to 10 wt.% and it 
exponentially increased to 3.4 μm when the amount of the 
added starch increased to 15 wt.%. The average pore size 
obtained from the Hagen–Poiseuille method shows a slight 
increase when the amount of the added starch increased 
from 0 to 10 wt.% unlike that obtained by ImageJ method.

During the sintering process the clay fills in the open 
space of the material by moving through the contact points. 
When the corn starch is added it manages to leave more 
open spaces inside the material, this phenomenon leads to 
larger pore size and higher porosity in the sintered mate-
rial. When the percentage of starch was 15 wt.%, the amount 
of starch became important in the mixture, and it leads to 
a higher connectivity between pores. During the sintering 
process, starch leaves more open spaces leading to the expo-
nential increase of pore size. A similar result was found by 
other authors [35,36].

3.2.4. Apparent porosity and water absorption

As shown in Table 4, the apparent porosity increased 
from 12.3% ± 0.9% to 58.6% ± 3.4% when starch percentage 
increased from 0 to 15 wt.%. This important rise implies 
the fact that starch is pore former. When membranes were 
sintered, the combustion of starch leads to pores creation. 
From Table 4, we can observe that water absorption also 
increased from 5.8% ± 0.4% to 32.4% ± 1.9% when the per-
centage of starch increased from 0 to 15 wt.%. The increase 
of apparent porosity is linked to the increase of water 
absorption when starch is added. Apparent density barely 
decreased with the addition of starch from 2.12 ± 0.03 
to 1.81 ± 0.02. This decrease is due to pore creation when 
starch is burned. Similar results were found by other 
authors using different clays with starch [23,37].

3.2.5. Mechanical resistance

From Fig. 8, it can be seen that the increase of starch 
percentage leads to lower mechanical strength. Mechanical 
strength decreased from 23.3 ± 0.6 to 18.4 ± 0.5 MPa as the 
amount of starch increased from 0 to 15 wt.%. The addition 
of a porosity agent leads to reduce mechanical strength due 
to the increase of apparent porosity and pore volume of the 
material. Mechanical resistance and apparent porosity are 
inversely linked. In the case of starch addition, mechanical 
strength decreases when apparent porosity increases.

3.2.6. Water permeability

Water permeability Lp (L h–1 m–2 bar–1) of prepared 
membranes were measured at room temperature using bidis-
tilled water in dead-end filtration in the range 0–0.12 bar. 
Fig. 9 presents permeate flux as a function of transmem-
brane pressure. The permeability of kaolinite membranes 
prepared with 0, 5, 10, and 15 wt.% of starch are respectively 
153; 1,151; 2,129; and 3,589 L h–1 m–2 bar–1 with an accuracy 
of ±5%. As shown in Fig. 9, the addition of starch has a 
direct impact on permeability since starch addition expands 
pores and increases the flux of the membrane.

During the sintering process, the combustion of starch 
leads to pores creation. Higher amount of added starch causes 
higher the interconnection between pores. The interconnec-
tion between pores becomes accessible to fluid leading to 
higher permeability. The permeability of commercial ceramic 
membranes are reported to be higher than 50 L h–1 m–2 bar–1 
[38]. Generally, the permeability depends on the pore size 
of the membranes. Commercial ceramic microfiltration 
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Table 4
Starch effect on apparent porosity, water absorption and apparent density

Amount of starch (wt.%) Apparent porosity (%) Water absorption (%) Apparent density

0 12.3 ± 0.9 5.8 ± 0.4 2.12 ± 0.03
5 25.3 ± 2.7 12.1 ± 1.4 2.10 ± 0.04
10 40.0 ± 2.5 20.3 ± 2.0 1.98 ± 0.09
15 58.6 ± 3.4 32.4 ± 1.9 1.81 ± 0.02
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membranes with pore size range from 0.5 to 10.0 μm have 
permeability between 300 and 50,000 L h–1 m–2 bar–1[39].

Water permeability, mechanical strength, and pore size 
diameter are the effective characteristics to take in consid-
eration in order to choose the optimized membrane. The 
chosen membrane should not have the highest pore size 
otherwise it will have the lowest selectivity. The optimized 
membrane should also have high water permeability and 
high mechanical strength. The membrane with 15 wt.% 
has the highest value of permeability. On the other hand, 
membranes prepared with 0 and 5 wt.% of starch have 
good mechanical resistance and small pore size diameter 
but their water permeability is low compared to the mem-
brane prepared with 10 wt.% of starch. Thus, the membrane 
with 10 wt.% is considered as the optimized membrane 
and selected for further characterization such as chemi-
cal resistance and filtration experiments. Table 5 reports 
characteristics of optimized membrane and other ceramic 
membranes reported in literature. The amount of added 
porosity agent and sintering temperature are strongly 
affected by mechanical resistance, porosity, and pore 
size of the ceramic membrane. The porosity of optimized 

membrane (40%) is in concordance with a porosity of the 
reported works that is between 24% and 46%. The mechan-
ical strength is also relatively in a good agreement with 
the other works, only one work has been reported a better 
mechanical strength (27 MPa) but the membrane has lower 
porosity (24%). As mentioned earlier, mechanical strength 
and apparent porosity are inversely linked. In other words, 
the more mechanical strength is higher the more porosity 
is lower. Furthermore, the water permeability of the opti-
mized kaolinite membrane is so promising in comparison 
with other membranes reported in Table 5.

3.2.7. Chemical resistance

During filtration, membrane fouling can be a serious 
problem, which it requires periodical cleaning. Generally, 
chemical cleaning is carried out using alkaline and/or acid 
solutions. Therefore, the membrane must have good chem-
ical stability to avoid its degradation when cleaning or 
disinfecting solutions are applied. To evaluate its chemical 
resistance, the optimized membrane was dipped in acidic 
(HCl at pH = 1.5) and basic (NaOH at pH = 13) solutions 
for 7 d under atmospheric conditions. Fig. 10 shows weight 
loss as a function of time. In the alkaline solution, the weight 
loss after 7 d is 0.23 wt.% while it is only 0.06 wt.% in an acidic 
solution for the same period of time. It can be concluded 
that the membrane is relatively more stable in acid solution 
than an alkaline solution. However, weight loss of 0.23 wt.% 
observed in acidic medium is insignificant. Therefore, the 
kaolinite membrane shows an excellent chemical resistance 
that is typical for commercial ceramic membranes [32].

3.3. Filtration experiment

The performance of the kaolinite membrane was 
evaluated by dead-end filtration at 0.12 bar during 2 h at 
room temperature. Fig. 11 shows the flux vs. filtration 
time during three steps of filtration: (i) filtration of water 
during 30 min, (ii) filtration of effluents A and B during 
120 min, and (iii) filtration of water during 30 min after 
membrane cleaning using bidistilled water. For feed (A), the 
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permeate flux decreased from 255 to 125 L h–1 m–2 during 
the first minutes and then the flux is relatively stable at 
119 L h–1 m–2. For feed (B), the permeate flux decreased 
from 255 to 75 L h–1 m–2 in the first 20 min, then, weak flux 
decrease is observed after 120 min of filtration (final flux 
is 68 L h–1 m–2). The observed flux decrease for both feed is 
attributed to the fouling phenomenon that is resulted from 

deposition and accumulation of suspended particles on 
the membrane surface and/or inside of pores. These phe-
nomena are accentuated when dead-end mode is applied 
[32]. In the present conditions, different fouling intensities are 
observed for both feeds. Thus, final permeate flux of feed (A) is 
almost two times higher than feed (B). This can be explained 
by the different in physicochemical properties of two feeds.

Table 5
Characteristics of optimized kaolinite membrane and some ceramic membranes reported in literature

Material Sintering 
temperature (°C)

Water permeability Lp 
(L h–1 m–2 bar–1)

Mechanical 
resistance (MPa)

Porosity 
(%)

Present work 1,100 2,129 20.2 40
Kaolin + phosphor + acid + starch (10 wt.%) [23] 1,100 31.39 11 36
Quartz + calcite (15 wt.%) [24] 1,375 16,000 17 42
Alumina corn starch (8 wt.%) [25] 1,400 – 15.47 46
Ball clay + corn starch (15 wt.%) [26] 1,200 0 27 24
Clay + corn starch (10 wt.%) [27] 950 620 14 35.8
Pozzolan + starch (10 wt.%) [40] 950 1,200 16 34
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Fig. 10. Weight loss of optimized kaolinite membrane in acid and alkaline solutions at room temperature.
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However, after membrane cleaning, water flux is 
increased and found to be 192 L h–1 m–2 for feed (A) and 
163 L h–1 m–2 for feed (B). FRR was calculated for both 
feeds and it is found that FRR is equal to 75.3% and 63.9%, 
respectively for feed (A) and (B). A higher FRR refers to 
good antifouling property. Therefore, it can be concluded 
that membrane is less fouled by filtration of feed (A) in 
comparison with filtration of feed (B). This is due to the 
fact that many complications during filtration such as 
blockage, plugging of pores, and because of the cake layer 
formation on the membrane surface [40].

Fig. 12 shows the evolution of turbidity for both feeds 
during filtration time. Turbidity rejection is 73.2% and 
99.6%, respectively for feed (A) and (B). The membrane can 
eliminate almost all the suspended particles presented in 
feed (B) and significantly reduce the turbidity of raw sea-
water from 6.3 ± 0.1 to 1.6 ± 0.1 NTU. Generally, turbid-
ity of seawater is related to colloidal particles and marine 
organisms. High turbidity is likely responsible for fouling 
of reverse osmosis membranes in the seawater desalination 
process [4].

COD rejection was found to be 49.6% for raw seawa-
ter (feed (A)), it decreased from 5.9 to 2.93 mg L–1. COD is 
related to organic and inorganic substances, reducing these 
substances from seawater might reduce fouling of reverse 
osmosis membranes. In addition, the conductivity and 
pH of both feeds are remained constant during the filtration.

4. Conclusion

This work describes the preparation of flat ceramic 
microfiltration membrane made from Moroccan natural 
kaolinite and starch. Starch was used as porosity agent 
in the optimization of membrane properties in terms of 
porosity, permeability, and mechanical strength. Different 
percentages of starch (0–15 wt.%) were used to optimize the 
membrane features. This work shows that there is a direct 
link between the amount of added starch and some physi-
cal properties of kaolinite membrane. The addition of starch 
increased the permeability and the porosity of the mem-
brane; however, it decreased the mechanical strength. On 
the other hand, this work showed that when the amount 

of starch is exceeded 10 wt.% its influence pore size diam-
eter that is become obvious. The membrane with 10 wt.% 
of starch was considered as optimized membrane. It has an 
average pore size of 2.3 μm, a porosity of 40%, a permeability 
of 2,129 L h–1 m–2 bar–1 as well as good mechanical strength 
and chemical stability. The optimized membrane was tested 
in filtration and showed potential results in turbidity and 
COD rejections of raw seawater. It was reduced the turbid-
ity by 73.2% and the COD by 49.6%. In addition, the micro-
filtration membrane could remove practically all turbidity 
(99.6%) of agro-food model.

Finally, it was demonstrated that natural kaolinite could 
be used for preparation microfiltration ceramic membrane 
by dry route. Besides, the filtration tests proved that this 
membrane could found industrial applications due to its low 
cost materials and its filtration performance.

Acknowledgments

Omar Samhari acknowledges CEDoc France–Morocco 
for the financial support of his Ph.D. Loic Joanny is acknowl-
edged for SEM images and EDS analyses performed at 
CMEBA (ScanMAT, University of Rennes 1), which received 
financial support from the European Union (CPER-FEDER 
2007–2014). Guillaume Durant is acknowledged for DTA 
and TGA analyses performed at Glass and Ceramics Team at 
(ISCR, University of Rennes 1).

References
[1] A. Chougui, A. Belouatek, M. Rabiller-Baudry, Synthesis and 

characterization of new ultrafiltration ceramic membranes for 
water treatment, J. Water Process Eng., 30 (2019) 100620.

[2] L.F. Greenlee, D.F. Lawler, B.D. Freeman, B. Marrot, P. Moulin, 
Reverse osmosis desalination: water sources, technology, and 
today’s challenges, Water Res., 43 (2009) 2317–2348.

[3] M. Monnot, H.T.K. Nguyên, S. Laborie, C. Cabassud, Seawater 
reverse osmosis desalination plant at community-scale: role 
of an innovative pretreatment on process performances and 
intensification, Chem. Eng. Process. Process Intensif., 113 (2017) 
42–55.

[4] B. Achiou, H. Elomari, A. Bouazizi, A. Karim, M. Ouammou, 
A. Albizane, J. Bennazha, S. Alami Younssi, I.E. El Amrani, 
Manufacturing of tubular ceramic microfiltration membrane 

Fig. 12. Variation of (A) turbidity of feeds and (B) as a function of time at 0.12 bar.



O. Samhari et al. / Desalination and Water Treatment 194 (2020) 59–6868

based on natural pozzolan for pretreatment of seawater 
desalination, Desalination, 419 (2017) 181–187.

[5] J.-B. Castaing, A. Massé, M. Pontié, V. Séchet, J. Haure, P. Jaouen, 
Investigating submerged ultrafiltration (UF) and microfiltration 
(MF) membranes for seawater pre-treatment dedicated to total 
removal of undesirable micro-algae, Desalination, 253 (2010) 
71–77.

[6] H.-J. Yang, H.-S. Kim, Effect of coagulation on MF/UF for 
removal of particles as a pretreatment in seawater desalination, 
Desalination, 247 (2009) 45–52.

[7] A.F. Corral, U. Yenal, R. Strickle, D. Yan, E. Holler, C. Hill, 
W.P. Ela, R.G. Arnold, Comparison of slow sand filtration and 
microfiltration as pretreatments for inland desalination via 
reverse osmosis, Desalination, 334 (2014) 1–9.

[8] B. Achiou, H. Elomari, M. Ouammou, A. Albizane, J. Bennazha, 
S.A. Younssi, I.E.E. Amrani, A. Aaddane, Elaboration and 
characterization of flat ceramic microfiltration membrane 
made from natural Moroccan pozzolan (Central Middle Atlas), 
J. Mater. Environ. Sci., 7 (2016) 196–204.

[9] A. Bouazizi, S. Saja, B. Achiou, M. Ouammou, J.I. Calvo, 
A. Aaddane, S.A. Younssi, Elaboration and characterization of 
a new flat ceramic MF membrane made from natural Moroccan 
bentonite. Application to treatment of industrial wastewater, 
Appl. Clay Sci., 132–133 (2016) 33–40.

[10] S. Saja, A. Bouazizi, B. Achiou, M. Ouammou, A. Albizane, 
J. Bennazha, S.A. Younssi, Elaboration and characterization 
of low-cost ceramic membrane made from natural Moroccan 
perlite for treatment of industrial wastewater, J. Environ. Chem. 
Eng., 6 (2018) 451–458.

[11] M. Mouiya, A. Abourriche, A. Bouazizi, A. Benhammou, Y. El 
Hafiane, Y. Abouliatim, L. Nibou, M. Oumam, M. Ouammou, 
A. Smith, H. Hannache, Flat ceramic microfiltration membrane 
based on natural clay and Moroccan phosphate for desalination 
and industrial wastewater treatment, Desalination, 427 (2018) 
42–50.

[12] P. Mittal, S. Jana, K. Mohanty, Synthesis of low-cost hydrophilic 
ceramic–polymeric composite membrane for treatment of oily 
wastewater, Desalination, 282 (2011) 54–62.

[13] C.O. Mgbemena, N.O. Ibekwe, R. Sukumar, A.R.R. Menon, 
Characterization of kaolin intercalates of oleochemicals derived 
from rubber seed (Hevea brasiliensis) and tea seed (Camelia 
sinensis) oils, J. King Saud Univ. Sci., 25 (2013) 149–155.

[14] D. Vasanth, G. Pugazhenthi, R. Uppaluri, Fabrication and 
properties of low cost ceramic microfiltration membranes for 
separation of oil and bacteria from its solution, J. Membr. Sci., 
379 (2011) 154–163.

[15] B.K. Nandi, R. Uppaluri, M. Purkait, Preparation and 
characterization of low cost ceramic membranes for micro-
filtration applications, Appl. Clay Sci., 42 (2008) 102–110.

[16] F. Bouzerara, A. Harabi, S. Condom, Porous ceramic membranes 
prepared from kaolin, Desal. Water Treat., 12 (2009) 415–419.

[17] M. Issaoui, L. Limousy, B. Lebeau, J. Bouaziz, M. Fourati, Design 
and characterization of flat membrane supports elaborated 
from kaolin and aluminum powders, C.R. Chim., 19 (2016) 
496–504.

[18] Z. Zivcová, E. Gregorová, W. Pabst, Alumina ceramics prepared 
with new pore-forming agents, Process. Appl. Ceram., 2 (2008) 
1–8.

[19] Z. Živcová, E. Gregorová, W. Pabst, D.S. Smith, A. Michot, 
C. Poulier, Thermal conductivity of porous alumina ceramics 
prepared using starch as a pore-forming agent, J. Eur. Ceram. 
Soc., 29 (2009) 347–353.

[20] R.D. Sahnoun, S. Baklouti, Characterization of flat ceramic 
membrane supports prepared with kaolin-phosphoric acid-
starch, Appl. Clay Sci., 83–84 (2013) 399–404.

[21] R.M. Khattab, M.M.S. Wahsh, N.M. Khalil, Preparation 
and characterization of porous alumina ceramics through 
starch consolidation casting technique, Ceram. Int., 38 (2012) 
4723–4728.

[22] M. Mohamed Bazin, M. A. Ahmat, N. Zaidan, A.F. Ismail, 
N. Ahmad, Effect of starch addition on microstructure and 
strength of ball clay membrane, J. Teknol., 69 (2014) 117–120.

[23] H. Elomari, B. Achiou, A. Karim, M. Ouammou, A. Albizane, 
J. Bennazha, S. Alami.Younssi, I. Elamrani, Influence of starch 
content on the properties of low cost microfiltration membranes, 
J. Asian Ceram. Soc., 5 (2017) 313–319.

[24] N. Saffaj, M. Persin, S.A. Younsi, A. Albizane, M. Cretin, 
A. Larbot, Elaboration and characterization of microfiltration 
and ultrafiltration membranes deposited on raw support 
prepared from natural Moroccan clay: application to filtration 
of solution containing dyes and salts, Appl. Clay Sci., 31 (2006) 
110–119.

[25] A. Harabi, F. Bouzerara, Fabrication of Tubular Membrane 
Supports from Low Price Raw Materials, Using Both Centrifugal 
Casting and/or Extrusion Methods, R.Y. Ning, Ed., Expanding 
Issues in Desalination, Intech, Croatia, 2011, p. 253.

[26] A. Mosadeghkhah, M.A. Alaee, T. Mohammadi, Effect of 
sintering temperature and dwell time and pressing pressure on 
Ba0.5Sr0.5Co0.8Fe0.2O3−δ perovskite-type membranes, Mater. Des., 
28 (2007) 1699–1706.

[27] M.H.D. Othman, N. Droushiotis, Z. Wu, G. Kelsall, K. Li, Dual-
layer hollow fibres with different anode structures for micro-
tubular solid oxide fuel cells, J. Power Sources, 205 (2012) 
272–280.

[28] D. Beqqour, B. Achiou, A. Bouazizi, H. Ouaddari, H. Elomari, 
M. Ouammou, J. Bennazha, S. Alami Younssi, Enhancement 
of microfiltration performances of pozzolan membrane by 
incorporation of micronized phosphate and its application 
for industrial wastewater treatment, J. Environ. Chem. Eng., 
7 (2019) 102981.

[29] K. Fujimori, W. Ma, T. Moriuchi-Kawakami, Y. Shibutani, 
N. Takenaka, H. Bandow, Y. Maeda, Chemiluminescence 
method with potassium permanganate for the determination of 
organic pollutants in seawater., Anal. Sci., 17 (2001) 975–978.

[30] H. Wang, C. Li, Z. Peng, S. Zhang, Characterization and thermal 
behavior of kaolin, J. Therm. Anal. Calorim., 105 (2011) 157–160.

[31] T. Mohammadi, A. Pak, Effect of calcination temperature of 
kaolin as a support for zeolite membranes, Sep. Purif. Technol., 
30 (2003) 241–249.

[32] S.K. Hubadillah, M.H.D. Othman, T. Matsuura, A.F. Ismail, 
M.A. Rahman, Z. Harun, J. Jaafar, M. Nomura, Fabrications 
and applications of low cost ceramic membrane from kaolin: a 
comprehensive review, Ceram. Int., 44 (2018) 4538–4560.

[33] S. Bhattacharjee, L. Besra, B.P. Singh, Effect of additives on the 
microstructure of porous alumina, J. Eur. Ceram. Soc., 27 (2007) 
47–52.

[34] O. Lyckfeldt, J.M.F. Ferreira, Processing of porous ceramics by 
‘starch consolidation,’ J. Eur. Ceram. Soc., 18 (1998) 131–140.

[35] G.C.C. Yang, C.-M. Tsai, Effects of starch addition on 
characteristics of tubular porous ceramic membrane substrates, 
Desalination, 233 (2008) 129–136.

[36] B. Achiou, H. Elomari, M. Ouammou, A. Albizane, J. Ben-
nazha, A. Aaddane, S.A. Younssi, Study of added starch on 
characteristics of flat ceramic microfiltration membrane made 
from natural Moroccan pozzolan, J. Mater. Environ. Sci., 
9 (2018) 1013–1021.

[37] M.-M. Lorente-Ayza, M.J. Orts, V. Pérez-Herranz, S. Mestre, 
Role of starch characteristics in the properties of low-cost 
ceramic membranes, J. Eur. Ceram. Soc., 35 (2015) 2333–2341.

[38] M. Mulder, Basic Principles of Membrane Technology, 2nd ed., 
Springer, Netherlands, 1996.

[39] M.-M. Lorente-Ayza, S. Mestre, M. Menéndez, E. Sánchez, 
Comparison of extruded and pressed low cost ceramic supports 
for microfiltration membranes, J. Eur. Ceram. Soc., 35 (2015) 
3681–3691.

[40] S. Zinadini, A.A. Zinatizadeh, M. Rahimi, V. Vatanpour, 
H. Zangeneh, Preparation of a novel antifouling mixed matrix 
PES membrane by embedding graphene oxide nanoplates, 
J. Membr. Sci., 453 (2014) 292–301.


