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•	 Parametric study on ceramic membrane is presented.
•	 The influence of the incorporation of oasis waste is investigated.
•	 The treatment of simulated oily wastewater is studied.
•	 The performance of our ceramic membranes is discussed.
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1. Introduction

Oily wastewater constitutes the most considerable quantity of liquid 
waste in the world. Consequently, it harms the environment and life quality of 
people. In addition, failure to recover such oil leads to a substantial economic 

loss [1]. Oily wastewater is widely emanating from several industrial origins 
such as petrochemical, pharmaceutical, metal, or food industries. It has been 
found that the main compounds of these various oily wastewaters are oil,  
grease, and surfactants.
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The purpose of this study is to examine the best experimental parameters, which are the oasis waste concentration, molding pressure, and sintering temperature for the fabrication of 
ceramic membrane to be used in the treatment of car wash wastewater. These membranes were prepared from clay and oasis waste using the semidry-pressing process. Characterization 
of these membranes was carried out by the determination of their porosity, contact angle, and shrinkage. Following the experiments, we notice that when the oasis waste concentration 
goes from 8% to 22%, the membranes become more hydrophilic. The same evolution is observed when the sintering temperature and molding pressure increase from 700 to 
900°C, and eight to 12 bars, respectively. Moreover, membrane porosity increases with the increase of sintering temperature and oasis waste concentration by 14.6% and 49.3%, 
respectively. In addition, permeate flux is proportional to the oasis waste concentration and the sintering temperature. The highest flux increase is 62.2% for the case of 15% of oasis 
waste concentration, while a drop of 23.8% for permeate flux is recorded with the rise of molding pressure. After determining the membrane specific volume, which complies with 
the Tunisian standards NT.106.002, the best experimental parameters for the membrane fabrication are found to be: (i) 22% of oasis waste concentration, (ii) 800°C for sintering 
temperature, and (iii) 8 bars for molding pressure. After 30 minutes of the experimentation of wastewater treatment of car wash using the best membrane, an oil rejection of 93% and 
permeate flux of 116×10-6 m3/m2s could be achieved.
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Although oily wastewater treatment has been performed by different 

techniques such as air flotation [2], coagulation [3], electroflotation [4]. 

According to the study of Al Adetunji et al. [5], these conventional methods 

have their disadvantages which include high operational cost and low 

treatment efficiency.  
The most used techniques are membrane processes. In these processes, 

choosing the best membrane is crucial to have a high efficiency of the oily 

wastewater treatment process. Generally, membrane can be used in 
distillation [6,7], and in filtration unit operations [8].  

Membranes are generally fabricated from polymeric and ceramic 

materials. Ceramic membranes are more robust in terms of chemical and 
mechanical resistance, and are used in a wide range of temperatures. 

Nevertheless, ceramic membrane has the drawbacks of low selectivity and 

high cost of fabrication [9,10]. The ceramic membrane cost can be reduced by 
using local products such as local clay, pore-forming, plasticizers, etc. [11]. 

The characteristics of a ceramic membrane can be facilitated by optimization 

of the fabrication operating parameters. Many studies revealed that the 
addition of organic waste plays the role of a pore-forming [12–14]. Based on 

a study conducted by Ben Ali et al., the use of olive pomace as pore-forming 

promoted both the porosity and the permeability of the ceramic membrane. 

For a membrane sintered at 1000°C, when the olive pomace concentration 

had changed from 20% to 30% the porosity increased by 37% and the 

permeability by 252%. According to Kumar et al. [15], a small pore size 
induces an increase in oil rejection from the oily wastewater. This rise of 

rejection induces the increase of the membrane fouling and the concentration 

polarization.  
Animesh et al. [16] noted that a lower pore size (20–42 nm) of the 

ceramic membrane undergoes significant fouling through pore-blocking and 

not by the formation of a cake layer. However, the larger pore size (3–7 µm) 
of the ceramic membrane facilitates the formation of a cake layer. Based on 

Darcy’s law, when  transmembrane pressure increases, the permeate flux 

increases as well [17]. Nevertheless, a decrease in oil rejection can be 
remarked with this increase in transmembrane pressure. This decrease can be 

explained by the fact that increasing the transmembrane pressure, forces the 

oil droplets to pass through the membrane pore and to be on the permeate side 
[18]. After optimization of this transmembrane pressure, to have a high 

permeate flow value with tolerable oil rejection, an increase in the efficiency 

of the oily wastewater treatment process is observed [5]. For example and in 
the case of a transmembrane pressure of 68.95 kPa, the oil rejection was about 

98.9% and the permeate flux was 5.36 10-6 m3/m²s.  

In addition, the choice of the best surface membrane charge leads to 
better filtration performance [19]. When the oil droplets and the membrane 

surface are charged oppositely, the obtained permeate flux tends to be high 

but marked by a low rate of oil rejection. On the other hand, for the same 
charge of membrane surface and oil droplets, a strong decrease in the 

permeate flux was observed, with a moderate rejection of oil. 

The current study presents the role of effective parameters such as 
molding pressure, sintering temperature, and oasis waste concentration on the 

ceramic membrane performance. The best fabrication parameters can be 

found based on the appropriate membrane performance during car wash 
wastewater treatment. To our knowledge, no study has so far been reported on 

the influence of the three parameters of molding pressure, sintering 
temperature, and oasis waste concentration on ceramic membrane 

performances. 
 

 

2. Material and method 
 

2.1. Ceramic membrane preparation 
 

The ceramic membranes are prepared using the semidry-pressing process 
[20]. First, clay and oasis waste were dried to a constant weight. After 

grinding dry oasis waste to uniform particle sizes using a laboratory grinder 

(Retsch SM 100), particle size distribution is performed by the collection of 
particle size fractions between 63 and 80 µm. These same operations are 

executed for the clay, by crushing in a Matest A092 brand grinder. Clay and 

oasis waste particles are then mixed at a predetermined ratio (Table 1) until 
obtaining a homogeneous state. Then, 20% deionized water is added to the 

dry mixture to obtain a suitable paste for molding. The obtained paste is then 

treated for 30 minutes by ultrasonic to prevent the formation of air bubbles 
and consequently avoid membrane cracks during the sintering step. After that, 

this paste was kept at rest for 24 hours at room temperature and pressed using 

Edibon EEU/20KN press at different pressure in cylindrical samples 3mm in 

thickness and 55mm in diameter. After pressing, these samples were kept at 

rest for 24 hours at room temperature and sintered in a laboratory Nabertherm 

furnace at a temperature of 700, 800, and 900°C. 

Table 1 

Parameters for the membranes preparation. 

 

Membrane M1 M2 M3 M4 M5 M6 M7 

Molding 

pressure (bar) 
8 10 10 12 8 8 10 

Sintering 

temperature 

(°C) 

800 700 900 800 800 800 800 

Oasis waste 

(%) 
22 22 22 22 8 15 22 

 

 
 

2.2. Membranes characterization 

 
2.2.1. Chemical characterization 

 
Fourier transform infrared (FTIR) analysis of the samples was carried out 

using Spectrum Two (PerkinElmer, USA) FTIR spectrometer. The 

spectrometer was equipped with a diamond attenuated total reflectance (ATR) 
accessory. Spectra were recorded in the wavenumbers range of 450-4000cm-1 

by an average of 4 scans at a spectral resolution of 2 cm-1. In addition, x-ray 

diffractometry (XRD) analysis was performed using a Siemens Bruker X-ray 
diffractometer equipped with Cu Kα radiation. Typically θ-2θ spectra were 

collected between 2θ=10° and 70° in 0.02° steps. The characterization of the 

oasis waste was presented in our previous work [21]. 
 

2.2.2. Membrane porosity 

 
Membrane porosity was determined according to the Archimedes method 

[21,22]. Using this method, the effects of sintering temperature, molding 

pressure, and oasis waste addition on this membrane porosity can be explored. 
 

2.2.3. Contact angle  

 
The membrane hydrophobicity (hydrophilicity) can be determined by the 

contact angle measurement performed with KRÜSS Drop Shape Analyzer – 

DSA25. The contact angle was determined using Advance software. 
 

2.2.4. Liquid Entry Pressure (LEP) 

 
LEP characterizes the limit of pressure applied on the feed side of the 

membrane before the liquid water enters through the membrane’s pores. LEP 

can be calculated by the following expression [23]: 
 

 
(1) 

 

Where B is the pore factor of geometry, θ is the contact angle (°), γL is 

the surface tension of water (N/m), and dmax is the diameter maximum of 

pores (µm).  

 
2.2.5. Oily wastewater treatment 

 

We used a dead-end unit to characterize and treat the car wash 

wastewater (Figure 1). In this unit, we fixed the ceramic membrane at the 

bottom. After, we forced by compressed air the car wash wastewater to pass 

through this membrane. Then, we weigh the obtained permeate, and we 
determine the oil concentration by UV-visible spectrophotometry (PG 

instruments T 80 spectrophotometer) at a wavelength of 235 nm. 

 
 

3. Results and discussion 

 
3.1 Clay characterization 

 

The FT-IR peaks assignments were based on the works of Saikia et al. 
[24], and Kamgang-Syapnjeu et al. [25]. The band observed at around 3620 

cm−1 (Figure 2) has been ascribed to OH stretching. The peak assigned to the 

H–O–H bending of water can be shown at around 1636 cm−1. The peak 
located at 1007 cm−1 was attributed to symmetrical and asymmetrical 

elongation vibrations of the Si-O-Si bond. Peak obtained at around 798 cm−1 

assigned to OH deformation linked to Mg2+ and Al3+.
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Fig. 1. The dead-end unit used in characterization and car wash wastewater treatment. 

 
 

 

 
 

Fig. 2. The spectrum of the clay powder. 

 

 

 
The vibration band observed at 919 cm−1 corresponds to the deformation 

of the Al-OH bond, while the other one observed at 693 cm−1 corresponds to 

the different modes of the Si-O-Al bond. The peak towards 524 cm−1 is 
assigned to Si–O–Al bending vibrations. The peak observed at around 466 

cm−1 is assigned to Si–O–Si bending. The presence of Si-O-Si, OH groups, 

Si-O-Al, and Al-OH peaks can be referred to the presence of kaolinite at the 
angles 2θ=12.42° and 2θ=29° and illite at the angles 2θ=20° and 

2θ=50°shown by XRD in Figure 3. 

Based on X-ray fluorescence, the chemical composition of the used clay 
expressed in mass percentages is given in the Table 2. 

According to Table 2, the clay contains a higher percentage of calcium 

oxide, silicon dioxide, and aluminum oxide while it contains a low percentage 
of ferric oxide, magnesium oxide and potassium oxide.  

 

 
Fig. 3. X-ray diffraction of clay.  

 
 

Table 2 

Clay composition.  
 

Composition (%) CaO SO3 SiO2 P2O5 Al2O3 FeO3 K2O MgO 

Clay 11 - 37.75 - 15 4 1.1 5 
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3.2. Parametric study of the obtained membranes 
 

3.2.1. Effect of sintering temperature on open porosity 

 
To present the effect of sintering temperature on open porosity, the 

molding pressure was fixed at 10 bars, while the sintering temperature was 

varied between 700°C and 900°C. The obtained results of ceramic membrane 
open porosity are presented in Figure 4. According to Figure 4, when the 

oasis waste varies from 8% to 22%, an increase in the open porosity for all 

sintering temperatures was observed. This increase has two slopes marked by 
a rapid evolution from 8% to 11% of oasis waste and a slow evolution for the 

last part. For the case of 900°C, open porosity varied from 26.1% to 43.3% 

with this evolution of oasis waste. Additionally, the open porosity increases 
with the increase of the sintering temperature. This variation is due to the 

opening of pores and the volatilization of the oasis waste ash with the increase 

in sintering temperature. The same finding has been presented by Kamoun et 
al. [26]. 

 

3.2.2. Effect of molding pressure on open porosity 

 

The effects of a molding pressure of 8, 10, and 12 bars on ceramic 

membrane open porosity were studied at a constant sintering temperature of 
800°C. The experimental results are shown in Figure 5. This figure shows that 

a greater impact of the molding pressure on the open porosity can be 

remarked. As can be seen, open porosity was gradually decreased for all 
different amounts of oasis waste. For example, when the molding pressure 

grows from 8 to 12 bars, for an amount of oasis waste of 22%, a decrease by 

13.62% of the open porosity can be observed. This decrease can be 
interpreted by the fact that when the molding pressure increases, the void 

between the particles is reduced leading to a reduction of the internal pores 

and porosity after sintering. 
 

 

 
Fig. 4. Variation of open membrane porosity with oasis waste percentage at a 

molding pressure of 10 bars and for different sintering temperatures.  

 
 

 

 
Fig. 5. Variation of membrane open porosity with oasis waste percentage at a 

sintering temperature of 800°C and for different molding pressures.  

3.2.3. Effect of oasis waste percentage on open porosity 
 

When the oasis waste concentration was varied from 8% to 15% (Figure 

6), at a sintering temperature of 800°C and molding pressure of 8 bars, a 
sharp increase of the open porosity of the prepared ceramic membrane from 

26.12% to 40.05% was observed. For this same evolution of oasis waste, a 

slight variation of the closed porosity was detected.  Following that, no effect 
of adding oasis waste to the solid phase of ceramic membrane on open 

porosity was noted. Nevertheless, an increase of closed porosity could be 

observed. In this case, the oasis waste was combined in an aggregate and the 
number of aggregate increases with the increase of the oasis waste percentage. 

After combustion, these aggregates lead to a closed porosity. 

 
3.2.4. Effect of molding pressure on contact angle 

 

Figure 7 presents the evolution of the contact angle of ceramic 
membranes as a function of oasis waste percentage and at three molding 

pressure. According to Figure 7, the prepared membranes have hydrophilic 

surfaces. Additionally, a decrease in the contact angle is shown with the 

increase of the molding pressure for all percentages of oasis waste. According 

to Gu et al. and Usman et al. [27,28], the surface energy, chemical 

composition, and surface roughness influence the membrane contact angle.  
In this study, this evolution can be explained by the fact that the increase in 

the molding pressure induces an increase in the compactness of the membrane 

and a decrease in surface roughness and consequently in the contact angle. 
 

3.2.5. Effect of sintering temperature on contact angle 

 
Figure 8 illustrates the variation of the contact angle as a function of oasis 

waste percentage and at three sintering temperatures 700, 800, and 900°C. In 

these evolutions, the molding pressure was fixed at a constant value equal to 
10 bars. As it can be seen, a decrease of ceramic membrane contact angle with 

the increase of the sintering temperature is observed. Increasing the sintering 

temperature increases the quantity of liquid phase obtained during the 
evolution of the sintering process. This liquid phase leads to obtaining a 

membrane surface that is less rough and therefore more hydrophilic [29]. 

 
 

 
Fig. 6. Evolution of membrane open and closed porosity with oasis waste 

percentage at 800°C of sintering temperature and a molding pressure of 10 

bars. 

 
 

 
Fig. 7. Variation of contact angle of ceramic membranes with oasis waste at 

different molding pressure 8, 10, and 12 bars. 
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Fig. 8. Contact angle of ceramic membranes versus oasis waste percentage for 

ceramic membrane sintered at 700, 800, and 900°C. 

 
 

 

3.2.6. Effect of oasis waste percentage on contact angle 
 

To see the effect of oasis waste concentration on the membrane contact 

angle, used as a porogen agent, this concentration was varied from 8% to 
22%. Figure 9 presents the obtained results of the contact angle. According to 

Figure 9, our membranes have a hydrophilic characteristic. This characteristic 

tends to become more and stronger with the increase of the oasis waste 
concentration in the solid phase of the ceramic membrane. The variation of 

the contact angle with the oasis waste concentration showed two slopes. The 

first slope is a decrease of contact angle with the adding of oasis waste 
concentration from 8% to 15%. After this value, no effect of adding oasis 

waste on the contact angle can be remarked. This evolution can be explained 

by the increase in the membrane open porosity with the increase of the oasis 
waste (see Figure 4). This increase in porosity leads to a strong tendency for 

water to spread and rapidly absorbed by the membrane surface. 

 
3.2.7. Effect of sintering temperature on volume shrinkage 

 

Figure 10 exhibits the shrinkage percentage of the prepared ceramic 
membranes at different sintering temperatures. According to Figure 10, 

membrane shrinkage was found to rise with an increase in sintering 

temperature for all ranges of oasis waste. For example, in the case of 22% 
oasis waste, when the sintering temperature grows from 700 to 900°C, 

membrane shrinkage increases by 13%. According to Salman et al. and Harun 

et al. [30,31], the shrinkage of the prepared ceramic membranes during the 
sintering process occurs mainly due to moisture loss. With the increase of 

sintering temperature, the amount of losses moisture rises which induces more 

void between solid-phase particles. In addition, a rise in the liquid phase 
quantity with the increase of sintering temperature can be remarked. This 

quantity of liquid phase fills part of the formed voids and reduces the 

membrane volume, increasing shrinkage with sintering temperature.   
 

 

 

 
Fig. 9. Evolution of contact angle with oasis waste percentage. 

3.2.8. Effect of molding pressure on volume shrinkage 

 

Figure 11 presents the effect of molding pressure on ceramic membrane 

shrinkage. According to Figure 11, a significant decrease in shrinkage with an 

increase in molding pressure for all oasis waste percentages can be observed. 
When the molding pressure was increased from 8 bars to 12 bars, a drop in 

shrinkage of 19% for 22% of the oasis waste was observed. Based on Figure 5 

a decrease in porosity with the increase of molding pressure, the molten part 
of the solid phase finds less void between the particles, due to the pressure 

increase, and less shrinkage can be obtained. In this case, a deformation of the 

membrane can be observed. The same results have been obtained by Harun et 
al.,Suvorova et al. and Mankai et al. [31–33]. 

 

 

 
Fig. 10. Shrinkage percent of ceramic membranes versus oasis waste 

percentage for ceramic membrane sintered at 700, 800, and 900°C. 
 
 

 

 
Fig. 11. Evolution of volume shrinkage with molding pressure for different 

oasis waste percentages and at 800°C. 

 

 
 

3.3. Treatment of oily wastewater 

 
Figure 12 shows the evolution of permeate flux for 125 mg/l oil feed 

concentration and the percent rejection with time. It can be observed from this 

figure that there is a decrease of the permeate flux with the increase of time. 
This permeate flux has greatly diminished during the first 5 to 10 minutes of 

operation and gradually becomes steady subsequently. This decrease may be 

related to the fouling phenomenon marked by the blockage of the ceramic 
membrane pores by the oil droplets and the formation of the thin layer of oily 

film on the surface of the membrane. Besides, the permeate flux increases 

when the oasis waste concentration rises from 8% to 15% (Figure 12a) due to 
the increase in porosity from 30.62% to 38.4%. From 15% to 22% of the oasis 

waste, a decrease of permeate flux can be remarked due to the membranes 

pore size decrease from 3.44 to 2.32 µm (Table 3). Also, the permeate flux 

decreases with the increase of sintering temperature (Figure 12b). This 

evolution is due to the difference in the porosity of the prepared ceramic 

membranes in the various sintering temperature. From Figure 12b and at the 
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time of 30 minutes, a decrease of permeate flux from 115.7 10-6 to 99.39 10-

6m3/m2 s was observed with the increase of sintering temperature from 700 to 

900°C. Increasing temperature from 700 to 900°C increases the liquid phase 

quantity formed throughout the sintering process. This liquid phase penetrates 

the pores and reduces the pore diameter [34]. In addition, an increase in the 
pore number due to the volatilization of oasis waste ash with the sintering 

temperature increase. These two findings, of an increase in the number of 

pores and a reduction in the diameter of these pores, induce a reduction in the 
permeate flux. 

A decrease in permeate flux was observed with the increase of molding 

pressure from 8 bars to 12 bars for all periods of experimentation (Figure 
12c). This decrease can be linked to the reduction of porosity with the 

increase of molding pressure presented in Figure 5, which can be attributed to 

the reduction of the void between the particles. At the same time, this 
decrease was about 30% at 0.5 min and 20% at 30 minutes. This last 

evolution can be related to the increase of the fouling phenomenon with time 

marked by pore blocking and the increase of the polarization concentration 
layer [35]. 

 
 

 

(a) 

 

(b) 

 

(c) 

Fig. 12. Variation of permeate flux and oil rejection efficiency with time at 

different (a) oasis waste concentration; (b) sintering temperature (c); molding 

pressure. 

Table 3 

Properties of prepared ceramic membranes at sintering temperature of 800°C and 

molding pressure of 8 bars.  
 

Oasis waste (%) 
LEP 

(kPa) 
𝛳 (°)  (%) dmax (µm) 

8 8.00 36.20 30.62 1.60 

15 4.00 29.80 38.41 3.44 

22 6.00 28.70 42.12 2.32 

 

LEP: liquid entry pressure; 𝛳: contact angle; : open porosity; and dmax: maximum pore diameter 

 

 

 

Figure 12a shows the evolution of rejection with the increase in time and 
for three oasis waste concentrations. For all these concentrations, the rejection 

increases with the increase of time. For the case of 15% of oasis waste 

concentration, the rejection of the membrane rises by 35% with the increase 
in time from 0.5 to 30 minutes. This increase of membrane rejection with time 

can be related to the fouling phenomenon and principally to the membrane 

pore diameter reduction because of the oil droplets adsorption in the 
membrane pores. Moreover, the membrane prepared with 15% of oasis waste 

presents less value of rejection. This result can be explained by the fact that 
this membrane has a high value of pore diameter (see Table 3), which allows 

some droplets of oil to pass via these pores and reach the permeate side. 

The effect of sintering temperature on oil rejection with time is shown in 
Figure 12b. For all experiments, the oil rejection is in the range of 61.53 to 

94.39%. It was observed that the sintering temperature at 700°C had lower oil 

rejection. Moreover, with the rise of sintering temperature, the oil rejection 
increases. At 30 minutes, an increase in oil rejection of about 11% is noticed 

when the sintering temperature goes from 700 to 900 ° C. A decrease in 

membrane pore size is observed at higher temperature, limiting oil droplets 
from passing through the membrane, resulting in an increased oil rejection. 

Rejection of oil for different molding pressures is shown in Figure 12c. 

The oil rejection increased with the increase of molding pressure for the time 
of experimentation. This variation may be due to a decrease in the void 

between particles with the molding pressure increase inducing to decrease in 

pore diameter and contact angle (see Figure 7) and an increase in 

hydrophilicity and oil rejection. 

According to the Tunisian standard relating to effluent discharges into the 

water environment NT. 106.002, the discharge into the aquatic environment 
of treated wastewater from the car washes is considered safe if their oil 

concentration is less than 20 mg/l [36]. In the presented experiments, a feed 

with an oil concentration of 125 mg/l has been used. This oil concentration 
corresponds to a minimal authorized value of oil rejection of 84%. Based on 

this value, we can determine the specific permeate volume treated by each 

prepared membrane in which the oil concentration is below the Tunisian 
standard. Next, the obtained results are presented in Figure 13. According to 

Figure 13, the permeate of the membranes M3 and M6 do not comply with 

the Tunisian standard NT. 106.002. Moreover, only membranes M1 and M2 
exhibit high specific volume values with excess for M1.  

Figure 14 presents the effect of feed oil concentration on permeate flux 

and oil rejection. For the experiment time and the three feed oil 
concentrations, a decrease of permeate flux with an increase of feed oil 

concentration could be observed. For the case of oil concentration 125 mg/l, 

permeate flux decreased by 53%. Moreover, increasing the feed oil 
concentration from 125 to 500 mg/l leads to a decrease in the flux of about 

67% and 76% at 0.5 minutes and 30 minutes, respectively. The decline of 

permeate flux with an increase of feed oil concentration can be related to the 
increase in the polarization concentration layer formed by the rejected oil on 

the membrane surface. For the case of oil rejection and at the time of the 

experiment, an increase of about 39% and 30% for oil feed concentrations of 
125 mg/l and 500 mg/l were observed, respectively. Furthermore, we notice 

an increase in oil rejection with the feed oil concentration increase. This 

increase is due to the oil droplet coalescence inducing an increase in droplet 
size and fouling phenomena and consequently the oil rejection. 

 

3.4. Treatment of car wash wastewater  
 

Car wash wastewaters were collected from five stations situated in the 

city of Gabes, Tunisia. These stations were specialized in car washing and oil 
drainage activities. Table 4 summarizes the used car wash wastewater 

characteristics. Sedimentation and filtration were used as a pretreatment of the 

car wash wastewater sample. First, sedimentation for 1 hour [37] was used to 
remove the solid particles dispersed in this wastewater. Then, using a filter 
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paper, the obtained wastewater was filtered, with less quantity of solid 

particles, to minimize the floating oil. These two steps are so essential to 

reduce the increase of fouling phenomena and decrease of the treatment 

efficiency [38,39]. After, the resulting car wash wastewater was treated with 

the dead-end filtration unit presented by Figure 1. In this case, a ceramic 
membrane was used with 22% of oasis waste, molded at 8 bars and sintered at 

800°C. The evolution of permeate flux and oil rejection with time are 

presented in Figure 15. This figure shows a decrease of the permeate flux 
with the increase of time. In addition, comparing the evolution of the flux for 

the feed with oil concentration of 125 mg/l to that for the car wash 

wastewater, a slighter decrease was noticed (about 5%) for the case of car 
wash wastewater. This decrease can be related to an increase of the fouling 

phenomena for this type of wastewater. 

Moreover, with respect to the oil rejection, an increase can be observed 
for the car wash wastewater. This increase is about 19 % at 0.5 minutes and 

5% at 30 minutes. These two remarks can be explained by the fact that in the 

wash car station, they use detergent composed of surfactant, which interacts 
with the membrane surface to provide less flux reduction and better oil 

rejection [40]. The results obtained for the case of oil rejection of our ceramic 

membranes are in line with similar results from other studies. Table 5 presents 

a comparison between our obtained results and the results of other researches. 
 
 

 
Fig. 13. Variation of specific volume for different membranes. 

 
 
 

 
Fig. 14. Variation of permeate flux and oil rejection efficiency with time at 

different oil concentration. 
 
 

 

 
Fig. 15. Evolution of permeate flux and oil rejection efficiency with time for 

oil concentration 125 mg/l and car wash wastewater. 

Table 4 

Characteristics of car wash wastewater.  

 

Parameter 
Total solids 

(mg/l) 
pH 

Conductivity 

(µs/cm) 

Oil content 

(mg/l) 

Value before 

treatment 
1115 7.5 915 137 

Value after 

treatment 
572 7.8 412 9.59 

 

 
 

Table 5 

Comparison of obtained results with other results from literature.  

 

Major raw 

material 

Pore 

size 

(µm) 

Sintering 

temperature 

(°C) 

Oil 

rejection 

(%) 

Permeate 

flux 

(l/hm²) 

Ref. 

ɑ-Alumina oxide, 

Zirconia oxide 

and 

titanium oxide 

0.02 1400 78 100 [41] 

Sugarcane and 

bagasse ash 
7.5 1000 95.7 87.4 [42] 

Clay and ɑ-

Alumina 
0.289 1250 93.8 72.7 [43] 

Kaolin and PEG 0.21 1500 99.99 320 [44] 

Clay and SiC 1.3 1700 99.9 64.4 [45] 

Clay and oasis 

waste 
2.32 800 93 418.644 

This 

study 

 

 
 

4. Conclusions 

 
In the present work, the effects of sintering temperature, molding 

pressure, and oasis waste concentration on the characteristics of prepared 

ceramic membranes have been studied. After experimentation, an increase of 
the porosity by 14.6% was observed when the sintering temperature was 

increased from 700 to 900°C. For this evolution of sintering temperature, a 

decrease of 16.9% for the contact angle and 16.4% for the permeate flux were 
recorded. However, an increase in oil rejection by 12.4% was noticed. 

Besides, when the molding pressure was varied from 8 to 12 bars, contact 

angle, porosity, and permeate flux decreased by 23.2%, 15.7%, and 23.8%, 
respectively. However, an increase in oil rejection by 8.6% could be 

observed. Moreover, when the oasis waste concentration changes from 8% to 
22%, a rise of porosity by 49.3% and permeate flux by 62.2% were recorded. 

In addition, for this evolution of oasis waste concentration, a drop of about 

26.2% for the contact angle and about 15.6% for oil rejection have been 
observed. For the case of the use of the prepared membrane in the field of car 

wash wastewater treatment, an oil rejection of about 93% was obtained, and 

the oil concentration of the permeate complies with the Tunisian standard NT. 
106.002. In perspective, this work can further be carried out by determining 

the fouling phenomena model and the long-term use of our prepared 

membranes. 
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