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Abstract The elaboration and characterization of flat porous ceramic support and microfiltration membrane, 

using clay from Yagoua region (Far North of Cameroon) were reported. The selection of raw materials (clay and 

rice husk) was primarily based on their low cost and they are locally produced. The clay powder was 

characterized by Energy Dispersive X-Ray analysis, X-Ray diffraction, Thermal analysis. The consolidated 

ceramic substrates were characterized by Hg intrusion, mechanical resistance. A ceramic support, sintered at 

1100 °C, within an average pore size of 6.21 µm, a porosity of 43.73 % and compression strength of 10.42 MPa, 

was prepared. The microfiltration membrane layer sintered at 900 °C has an average pore size value of 0.33 μm 

and porosity of 35.36 %. This membrane reduced by 99.8 % the turbidity of an effluent containing suspended 

particles. 
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1. Introduction 

Due to the extremely low impact on the environment (with new requirements concerning to materials) and 

reduced operating costs (preparation procedures), membrane separation processes extend more every day in 

industrial uses. The use of inorganic membranes with respect of organic membranes has rapidly increased 

during the last two decades due to their potential application in a wide range of industrial processes such as 

water and effluent treatments [1, 2], drink clarification [3, 4].  

Ceramic membranes have many known advantages such as high thermal and chemical stability, pressure 

resistance, long lifetime, and catalytic properties from their intrinsic nature [5, 6]. Several materials are usually 

employed for the preparation of ceramics membranes, such as alumina, zirconia and titania. The development of 

ceramic membranes based on natural materials and fly ashes was investigated by several authors, mostly 

attending to the economical advantages. New composite ceramic microfiltration and ultrafiltration membranes 

have been produced recently from abundant natural materials like clay [7] and phosphate [8]. Majouli [9] 

described the elaboration of new tubular ceramic membrane from local Moroccan perlite. 

In this work, novel microfiltration (MF) ceramic membranes, made of thinner active layer supported on a porous 

support, have been prepared. The different substrates (support and ceramic membrane) are prepared controlling 

the particle size, the paste formulation, the deposition time and the thermal treatment. The microfiltration 

ceramic membranes were characterized for evaluating their morphology, porosity, mechanical properties.  
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2. Materials and Methods 

2.1. Raw materials 

Powders of natural clay and rice husk were used as starting materials in the present work. These raw materials 

were obtained from Yagoua region (Far North of Cameroon). Rice husk powder was used as a pore former. 

2.2. Ceramic supports elaboration 

Porous flat membrane supports were fabricated from natural clay, rice husk and water. The powders were then 

ground and sieved through a 100 μm sieve. Ceramic pastes compositions for the synthesis of flat ceramic 

supports were 70-30, as clay-rice husk ratio, sintered respectively at 900 °C, 1000 °C, 1100 °C and 1200 °C. 

Clay powders were accurately weighed according to the composition and mixed with the determined volume of 

Millipore water to make the paste for calendaring. After that, the paste was left for 24 h under a high humidity to 

improve its rheological property. After which, the membrane was dried at 100 °C for 24 h. Afterwards, the 

supports were sintered at different temperatures ranging from 900 °C to 1200 °C for 2 h, with a heating rate of 

about 2 °C/min from 25 °C to final temperature Tf (°C). 

2.3. Membrane Elaboration 

These membrane configurations consist of two layers: a porous support, an interlayer layer. The interlayer was 

prepared from the same clay powder used to make ceramic support. Deposition of the intermediate layer was 

performed with a colloidal process (slip-casting process). This involves the preparation of a stable suspension, 

using clay, polyvinyl alcohol (PVA) used as a binder and water. Table 1 presents different formulations of 

barbotine for the synthesis of the microfiltration membrane. The suspension was then deposited on the support 

using the slip casting method (different depositions time were 2, 4, 6 min). The used support, sintered at 1100 

°C, has an average pore size (APS) of 6.21 μm and 43.73 % porosity. The system was dried vertically for about 

24 h at room temperature and it was subsequently sintered at 900 °C for 2 h with a heating rate of about 5 

°C/min. 

Table 1: Different formulations of barbotine suspensions (%Weight) 

Barbotines Clay powder (%) Polyvinyl alcohol (PVA)  

(12 % in weight) (%) 

Distilled water (%) 

BA1 

BA2 

BA3 

BA4 

BA5 

BA6 

BA7 

BA8 

BA9 

4 

4 

4 

7 

7 

7 

10 

10 

10 

20 

30 

40 

20 

30 

40 

20 

30 

40 

76 

66 

56 

73 

63 

53 

70 

60 

50 

*BA : Barbotine 

Figure 1 presents the steps of the elaboration of the microfiltration mineral membranes. 

 
Figure 1: Schematic representation of the ceramic membrane preparation 
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The firing temperature, fixed at 900 °C, is reached following the thermal program. A temperature plate at 500 

°C for 1 h is necessary in order to completely eliminate the PVA, which is in great quantities in the slip.  

2.4. Characterizations techniques 

The elementary chemical composition of clay powder was achieved using a Hitachi S4500 microscope with an 

acceleration voltage ranging from 0.5 kV to 30 kV. This microscope was coupled to an Energy Dispersive X-ray 

detector.  

X-ray diffraction technique was used to identify the phase formations after substrate sintering. The structure was 

determined using a Philips X'Pert X-ray diffractometer operating with Cu Kα radiation source (λ = 1.54056 Å) 

and a Secondary beam crystal monochromator. The samples were scanned at diffraction angle 2θ from 5 to 50. 

Thermogravimetric (TGA) analysis and Differential Scanning Calorimetry (DSC) analysis were performed with 

the TA Instruments SDT 2960 Simultaneous DSC-TGA. These two analyses were carried out under air 

atmosphere, with a heating rate of 10 °C/min, from 0 °C to 1000 °C.  

The porosity and average pore diameter of the sintered substrates were determined using Mercury Intrusion 

Porosimetry (MIP) with an Autopore IV 9500 V1.06 (Micromeritics Instrument Corporation) porosimeter, 

working range from low pressure from 0 to 414 MPa corresponding to a pore sizes from 360 to 3.6 μm. 

A Hitashi S4800 Scanning Electron Microscope (SEM) with the acceleration voltage varying from 0.1 kV to 30 

kV was used to study the powder morphology as well as the microstructure formed in the sintered membrane. 

The fracture strength module of the sintered materials was obtained by using the three-point bending method 

according to ASTM C674-88 using "LLOYD LRX" instruments. The specimens used for the measurement of 

the flexural strength are rectangular in shape (60 mm length, 21 mm width and 3 mm thickness). 

The chemical corrosion resistance, of the fabricated ceramic membranes sintered at 900 °C, was evaluated by 

the mass loss after being immersed into HNO3 (pH=1.1) and NaOH solutions (pH=12.38) at a room temperature 

for 7 days. 

Microfiltration tests were performed using a home-made pilot plant (Fig. 2) at a temperature of 25 °C and 

transmembrane pressure (TMP) range between 1 and 2 bars. 

 
Figure 2: Flow schema of experimental apparatus 

The flow rate was fixed at 2.5 m.s
-1

. Before the tests, the membrane was conditioned by immersion in pure 

deionised water for a minimum of 24 h. The working pressure was obtained using a nitrogen gas source. 

 

3. Results and Discussion 

3.1. Raw Materials Analysis 

3.1.1. Elementary Chemical Composition 

The chemical analysis of the clay powder is given in Table 2. Results corresponded to an average of three 

measurements performed in various areas of the material surface. 

Table 2: Chemical composition of the clay powder 

Element C O Na Mg Al Si S K Ca Ti Fe Total 

Mean (wt.%) 10.62 59.20 0.24 0.21 8.50 16.40 0.21 1.07 0.29 0.43 2.85 - 

Standard 

deviation 

0.67 1.15 0.08 0.01 0.18 0.75 0.04 0.38 0.11 0.06 0.43 - 

 



Ndiapa FW et al                                        Journal of Scientific and Engineering Research, 2020, 7(10):90-100 

 

Journal of Scientific and Engineering Research 

93 

 

The clay material studied is predominantly characterized by respective mass contents of silicon and aluminum 

of 16.4 % and 8.5 %. These elements are present in the clay in the form of Al2O3, and SiO2 oxides. The silica 

and alumina present in the clay matrix form the skeletal structure of the ceramic substrates after calcination. The 

minor chemical elements, Na, Mg, Ca, K, Ti, form the corresponding oxides Na2O, CaO, MgO, K2O, TiO2.  

 

3.1.2. X – ray Diffraction analysis (XRD) 

The XRD pattern of the clay used as raw material for the formulation of the ceramic filters are represented in 

Figure 3. 

 
Figure 3: XRD pattern of Yagoua clay (K = kaolinite, Q = Quartz, D = Dolomite, C = Corundum) 

The different crystal phases mainly identified in the clay powder according to JCPDS data base file are 

constituted by kaolinite (Al2Si2O5 (OH)4), quartz (SiO2), dolomite CaMg(CO3)2 and corundum (Al2O3).  

 

3.1.3. Thermal analysis: Thermogravimetric analysis (TGA) – Differential scanning calorimetry (DSC) 

The curves for TGA/DSC analysis of this clay were shown in Figure 4. 

 
Figure 4: TGA-DSC curves of the crude clay powder 

The TGA curve shows two important mass losses: 

- The first loss of 3.8 % extending up to 160 °C corresponds to the elimination of water adsorbed on the surface 

and present between the lamellar structures of the clay. 
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- The second loss of 6.9 % occurs at about 500 °C and corresponds to the decomposition of hydroxyl groups and 

carbonates [10].  

The DSC curve shows three important peaks: 

- A first endothermic peak at 54.6 °C is due to the departure of the surface water (dehydration); 

- A second endothermic peak, large and asymmetric at 451.3 °C, corresponds to decomposition 

(dehydroxylation) of mixed carbonates of magnesium and calcium (dolomite) [11]. During this step, the 

transformation of kaolinite into metakaolinite occurs (1) [12-15]. 

2SiO2 .Al2O3 .2H2O. (Kaolinite)                         2SiO2.Al2O3 (metakaolinite) + 2H2O (1) 

- The exothermic peak at 909.43 °C with no weight loss corresponds to the structural reorganization of the 

minerals with the formation of a spinel phase from metakaolinite (corresponding to mullite formation) [26]; [13-

15]). The most common descriptions are summarized in reactions (2) and (3): 

2SiO2.Al2O3 (metakaolinite)                                SiAl2O4 (spinel) + SiO2 (amorphous) (2) 

2SiO2.Al2O3 (metakaolinite)                                2Al2O3 (γ-alumina) + 2 SiO2 (amorphous) (3) 

 

3.2. Ceramic support and membrane characterizations 

3.2.1. Mercury intrusion porosimetry 

The total porosity and average pore size have been determined by mercury intrusion porosimetry for supports 

sintered at different temperatures for 2 h. Structural characteristics of the final membrane supports, prepared 

from Yagoua clay and rice husk + water, are summarized in Table 3. 

Table 3: Properties of ceramic supports prepared from Yagoua clay and rice husk 

Samples Sintering temperature 

(°C) 

Total porosity 

(±0.01%) 

Average pore size (APS) 

(µm) 

Tensile strength 

(MPa) 

A1 900 52.59 1.55 4.06 

A2 1000 50.46 2.66 4.95 

A3 1100 43.73 6.21 10.42 

A4 1200 28.75 7.72 15.65 

The open porosity and the average pore size (APS) of the porous membrane supports sintered at different 

temperatures for 1 h are illustrated in Figure 5. 

 
Figure 5: Porous volume (%) and average pore size vs sintering temperature for ceramic supports 

As would be expected, this figure shows, generally that there is an increase in average pore size and a decrease 

in total porosity in samples, when the sintering temperature is increased. Pore size measurements have 

confirmed the dependence of the pore diameter on the sintering temperature. In fact, the values estimated from 

mercury porosimetry are 1.55 μm, 2.66 μm, 6.21 μm and 7.72 µm for 900 °C, 1000 °C, 1100 °C and 1200 °C 

respectively. It is clear that higher the sintering temperature larger the pore diameter of the support. This result 

is in agreement with other works [17]. The increase in average pore size is also confirmed by typical 

micrographs illustrated in Figure 7. 
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3.2.2. Compressive strength 

The effect of sintering temperature on the mechanical properties of the membrane supports was also 

investigated. The mechanical resistance tests have been carried out by the three points bending method (Lloyd 

Instrument, France) to control the resistance of the support tube fired at different temperatures. Fig. 6 shows the 

changes in the compressive mechanical strength of the porous ceramics supports sintered at different 

temperatures (from 900 °C to 1200 °C). 

 
Figure 6: Flexural strength vs sintering temperature of ceramic supports using three bending point method test 

The compressive strengths of specimens progressively increase with the increase in sintering temperature. The 

increase of the sintering temperature has been accompanied by a densification phenomenon and consequently an 

increase in the flexural strength (from 4.06 MPa at 900 °C to 15.65 MPa at 1200 °C). Usually, densification and 

grain size are the dominant factors controlling the mechanical strength, since most of the total pores were 

intergranular. The substantial increase in strengths of samples corresponded to a parallel increase in density, 

which means a decrease in porosity ratio. The material sintered at 1100 °C (A3) has reached a flexural strength 

of 10.42 MPa, which represents a good support mechanical resistance, compared with clay or phosphate tubular 

supports [12, 17-19]. 

3.2.3. Scanning Electron Microscopy (SEM) 

 
Figure 7: SEM micrographs of ceramic supports (a, b, c, d) at different sintering temperatures (900 °C, 1000 

°C, 1100 °C, 1200 °C) 

Figure 7 shows SEM images of the surface support sintered at different temperatures. They thus describe the 

evolution of the microstructure of the supports with the increase in the sintering temperature (from 900 °C to 
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1200 °C). The progressive reduction of the porosity can be observed with the increase of the sintering 

temperature. 

Consolidation between the grains by the effect of heat begins at 900 °C. At the turn of 1000 °C, the grains are 

sufficiently close and the internal reorganization of each of them is well established thus forming a surface of 

high roughness. The presence of the intergranular contacts ensures the cohesion of the ceramic. At 1100 °C, the 

densification is produced by welding and magnification of the grains. There is a more or less irregular growth of 

particles. A smoothing of the grains at the surface leads to a low roughness, which may allow the deposition of a 

layer. At 1200 °C, a gradual disappearance of the small grains in favor of the bigger ones is the beginning of the 

vitrification. At 1100 °C, the support surface has been homogeneous and has not presented any cracks. A 

smooth inner surface has been also observed, allowing the effective deposit of an active fine layer membrane.  

These results are in agreement with those observed in the literature [20, 21]. 

 

3.3. Intermediate layer characterization 

3.3.1. Determination of the porosity 

Total porous volume and pore size distribution are measured by mercury porosimetry. The pore diameters 

measured were centered near 0.33 µm and the total porous volume were 35.36 % for the deposited 

microfiltration layer. This average pore size (APS) indicates that this kind of membranes can be utilized in the 

Microfiltration range (MF). This APS value is considerably lower than those obtained for other typical ceramic 

MF membranes (about 0.5 μm) reported in previous works [22, 23]. 

3.3.1.1. Surface morphology and cross-section 

The thickness of the active layer increased with casting time respectively from 3.01 µm for 2 min, to 15 µm for 

6 min and to 18.7 µm for 6 min casting time (Figure 8). 

 
Figure 8: SEM micrographs for ceramic microfiltration membrane obtained with different casting times 

When analyzing the surface texture of different samples, it can be concluded that the sample obtained with 2 

min casting time de not contain defects (cracks and pinholes) at the opposite of all other samples. 

3.3.2. Chemical corrosion 

The chemical corrosion resistance, of the fabricated membranes sintered at 900 °C, was evaluated by the mass 

loss after being immersed into HNO3 (pH= 1) and NaOH solutions (pH=13) at 80 °C for 7 days. The weight loss 

due to the corrosion of acids and alkali is shown in figure 9. During 12 days at atmospheric conditions the 

weight loss does not exceed 0.3 weight % in acid medium. However, in basic medium, the weight loss reaches 

0.95 weight %.  
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Figure 9: Weight loss of support in acidic medium (HNO3 solution at pH = 1) and basic medium (NaOH 

solution at pH= 13) 

It can be seen that the membrane shows a better alkali corrosion resistance, since its mass loss is much lower 

than those of membranes after acid corrosion. This can be explained by the high alkali content of the considered 

ceramics [24]. 

3.3.3. Filtration of effluent containing suspended particles 

The permeate flux as function to transmembrane pressure is presented in Figure 10. It was found that the curve 

of permeate flux as function of applied pressure is linear and its slope that corresponds to the value of 

permeability is about 819.7 L/h m
2
 bar. 

 

Figure 10: Water flux versus transmembrane pressure 

A ceramic microfiltration membrane was employed to treat effluent containing suspended matter at a pressure 

between 1 and 2 bar during 120 min of filtration at room temperature. Table 4 reports the characteristics of the 

effluent before and after microfiltration treatment. 

Table 4: Characteristics of the effluent before and after filtration 

           Parameters of Effluent                           Before treatment                                   After treatment  

pH 

Conductivity (μS/cm) 

Turbidity (NTU) 

5.61 

230.87 

250 

5.58 

230.85 

2.75 
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The Figure 11 shows the evolution of the flux of the effluent at different pressure (1 and 2 bar) as a function of 

filtration time. The results show that permeate flux for the effluent gradually decrease with filtration time due to 

the accumulation of suspended particles conducting to formation of a cake on the surface of the membrane. It is 

observed that permeate flux approximately dropped by 86 % for the effluent 819.7–115 L/h m
2
 at 2 bar after 2 h 

of filtration. The percentage of reduction of turbidity for this effluent is 98.8 %.  

 
Figure 11: Evolution of permeate flux of effluent with filtration time for 1 bar and 2 bar 

4. Conclusion 

In this work, a comprehensive study on the fabrication and characterization of flat ceramic membranes from 

aluminosilicates was performed. Ceramic supports have been obtained by rolling process using clay and rice 

husk as starting materials.  

The prepared supports sintered at 1100 °C for 2h offer a better mechanical strength (10.4 MPa), chemical 

stability (<5 % weight loss) good porosity (43.7 %), better average pore size (6.2 μm). It has also been 

concluded that the membrane supports sintered at 1100 °C is the optimum supports allowed for depositing the 

membrane layers.  

Moreover, microfiltration ceramic membranes were prepared by slip casting method. The optimized 

composition of the slip was determined: 20 % PVA, 76 % water and 4 % clay powder, with a slip casting time 

of 2 min. The flat ceramic membranes showed the following structural characteristics: porosity of 35.36 %, 

average pore size (APS) of about 0.33 µm, active layer thickness around 3.01 µm, support thickness, 3 mm. The 

turbidity of an effluent containing suspended particles was reduced of 99.8 %. This result may allow the novel 

membrane to be used in water treatment in the microfiltration range. 
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