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1. Introduction 
Ceramic membranes have several advantages such as resistance to corrosive environments, high thermal 
chemical stability, pressure resistance, good resistance to fouling, and mechanical strength [1-5]. The 
ultrafiltration (UF) and microfiltration (MF) operations are often used to remove particles, microorganisms, and 
colloidal materials from suspensions [6]. Additionally, the production of industrial membranes provides a 
limited choice of materials. As a consequence, the price of ceramic membranes is high, and a significant effort 
has been expended in order to develop new porous ceramic materials by using inexpensive clays and kaolin. 
These materials are in abundance and require sintering temperature lower than those of metal oxide materials 
[7,8]. The application of membrane has interest for the researchers, thanks to their potential for treatment of 
large quantities of drinking water and waste water.  
 Hexavalent chromium Cr(VI), is present in the waste water, effluents of electroplating, leather tanning 
and several other industries. It is highly toxic can be detrimental to a variety of species, may be in the form of 
dichromate Cr#O%#& hydrogen chromate HCrO(& or chromate CrO(#& in solutions at different pH values [9]. 
Therefore, the elimination of this metal is important to protect public health. There are various processes to treat 
Cr(VI) contaminated water such as precipitation, solvent extraction photo-extraction, reverse osmosis, electro-
dialysis, and adsorption onto activated carbon. Membrane separation is one of the alternative treatments for 
removal of heavy metals ions from aqueous solutions [10-14]. Both microfiltration (MF) and ultrafiltration (UF) 
have been used for concentrated chromium, as they are highly efficient and do not require chemical additives, 
and are more economical compared to conventional separation techniques[15]. 
 One of the powerful treatment processes for the removal of metal ions from water with a low cost is 
adsorption. It is reported that the ceramic supports, formed by extrusion of a ceramic paste of kaolin and 
calcium carbonate mixtures, were used for MF and also used as a support for UF and Nano-Filtration (NF) 
membranes [16]. Anbri Y. et al. [17] synthesized silicalite membranes on a Moroccan clay support that present 
an attractive porosity. They reported that the use of these membranes in environment depollution can be an 
alternative to current technologies by their low price. Saffaj N. et al. [18] developed a low cost membrane 
support made from Moroccan clay. This clay low cost support is used to support different ultrafiltration or 
nanofiltration layers, such as TiO2/ZnAl2O4, for economic treatment of waste water containing toxic 
compounds.  
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 In this research, we have used the hydrotalcite HT-MgAlCO3 (anionic clay), which has the advantage of 
being modified by synthesis, in the elaboration of the ghassoul hydrotalcite membrane (GHTM). This 
membrane was investigated for removal of Cr(VI) ions from aqueous solution which is highly toxic and harmful 
to living organisms due to its carcinogenic and mutagenic properties. 

2. Material and Methods 
2.1. Materials 
The clay samples used in this study is a commercial ghassoul (ghassoul Chorafa Al Akhdar), it was obtained in 
powdered form, which is used in their natural state without any chemical treatment. The obtained powder is 
dried at 100°C to eliminate loosely bound water. The particles sizes, of the natural ghassoul clay powder used to 
prepare flat-disk are in the range of 250-315µm using sieves standardized according to AFNOR. The clay 
powder was characterized in elsewhere paper [19] by different methods: X-ray fluorescence, XRD, DTA/GTA, 
BET and IR analysis. 
 

2.2. Synthesis of GHTM 
In the first, the Plane supports (40 mm in diameter, 2mm in thickness) were elaborated by application of 
uniaxial compaction technique of a powder mixture (Moroccan ghassoul clay and 3% of activated carbon using 
as organic additive). The obtained plane supports were heat and treated in electrical furnace, according to the 
following heating program represented in figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 :  Heating program of sintered supports 
 

One side of the support was polished with 600 grit-sand papers to obtain a smooth surface. After that, it was 
washed with deionised water to remove lost particles created during polishing. Next, it was dried at 60°C for 48 
hours. Finally, the polished face of the substrate was coated with hydrotalcites (MgAl-CO3) solution consisting 
of aluminium magnesium mixed hydroxide. 
The deposition of the hydrotalcite phase on the ghassoul clay support was carried out by co-precipitation 
method. For this purpose, a mixed aqueous solution of AlCl3.6H2O and MgCl2.6H2O of molar ratio Mg2+/Al3+ 
(ratio=3) and an aqueous solution containing NaOH (2.5 M) and Na2CO3 (0.05 M) were added slowly on the 
ghassoul clay support placed horizontally into a beaker containing distilled water under stirring at room 
temperature. The mixture is then brought to 70°C for 18 h until the solid crystallized completely on the surface 
of the support. Based on the results reported by [20, 21], the pH being kept constant at 10 in the experimental 
time. The prepared GHTM was washed several times with deionized water and dried at 100°C for 4 h.  
The product precipitate was filtrated and washed at two times in the filter with worm water to remove excess 
ions (Cl-, Na+…). The prepared material was dried at 105°C for 18 h, then ground and sieved to obtain the 
compound HT-MgAlCO3. 
 

2.3. Characterization techniques 
2.3.1. Chemical stability 
The chemical resistance (corrosion resistance) of the fabricated support was characterized in a weight loss 
before and after etching with a concentrated solution of HNO3 and NaOH. All these quantitative experiments 
were carried out for the ghassoul clay support prepared for evaluation of their filtration capacity of discharges 
liquid in acidic and basic environments. 
 

2.3.2. XRD analysis 
X-ray diffraction (XRD) patterns of the powders of ghassoul clay support, GHTM and HT were carried out at 
room temperature on a Philips instrument, using CuKα (λ=1.5406Ả) radiation. The diffraction data were 
recorded in the 2θ range of 5-70° with a step of 0.04° at 40 kV and 20 mA. 
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2.3.3. Textural characterisation 
The textural characterization of the powders ghassoul clay support and GHTM was based on the N2 
adsorption/desorption isotherm, using a Micromeritics Asap2010. In the first, the sample was degassed at 373K 
for 3h prior to measurement. The specific area was calculated by the BET model. According to the BJH 
approach, the pore size distribution and the total pore volume were determined at a relative pressure (P/P0) of 
0,99. 
 
2.3.4. SEM analysis 
The surface morphologies of the ghassoul clay support and GHTM were monitored by scanning electron 
microscope (SEM) by using a Zeiss Sigma instrument at 3KeV acceleration voltage.  
The membrane sample was analyzed by SEM images of both surfaces of the ghassoul clay support and support 
with HT-MgAl-CO3 layer. 
 
2.3.5. Pure water permeation 
The permeation experiments of the water through the ghassoul clay support and GHTM were carried out with 
distilled water using a filtration system consisting of a stainless steel cell sealed by an O-ring facing the feed 
stream. A porous stainless steel disc was placed under the clay support to prevent cracking under pressure about 
1bar. The water flux (L.h-1.m-2) was measured at various times by the following equation:      F = +

,∗.   
Where V is the volume of the permeated distilled water (L) in time period t (h), A is the effective area of the 
membrane (m2), which is 8.04x10-4 m2 in this case. 
 
2.3.6. Surface chemistry characterization  
The determination of the isoelectric point (IEP) of the GHTM membrane was done by preparing 12 closed 
flasks which contain 50cm3 of NaCl (0.01M) [22] After, we fixed pH at a value between 2 and 12 by adding 
HCl (0.1M) or NaOH (0.1M) solutions. Subsequently, 0.15g of GHTM powder sample was added to every flask 
under agitation at room temperature. After 48hours we measured the final pH. The pHIEP is the point where the 
pH (initial) =pH (final) which in our case resulted at pH=10.9. 
 
2.3.7. Filtration of heavy metal 
The experiments were carried out with synthetic ionic solution of CrO3, The concentration of the solution was 
fixed at 100mg/L. The microfiltration of hexavalent chromium which is in the feed solution was processed with 
the membrane GHTM, and the resulted permeate stream samples were analyzed by molecular absorption 
spectrometry by using a UV visible Spectrophotometer SHIMADZU UV 2100 from 200 to 800 nm. The 
retention rates were estimated by the following simple relation:  
 

R = (C1 − C3)
C1

∗ 100 

Where C1 and C3 are ions concentrations in the feed and permeate solutions, respectively. 
 

3. Results and discussion 
3.1. Test of porosity  
Porosity of the ghassoul clay supports sintered at temperature of 900°C is calculated by using the Archimedes 
principle [23]. 
At the beginning, the dry mass Md of the membrane was determined after drying the membrane in the oven at 
110 °C for 6 hours. The membrane is then placed in a beaker filled with distilled water. After 24 hours, the 
membrane is recovered and its wet mass Mw is measured. The porosity (7) of the membrane was calculated 
using the following relation:!!

7 = M9 − M:
M9

∗ 100 
 

According to equation, we found its porosity reached 39% for the ghassoul clay support, which is important in 
fabrication of the suitable membranes and to the great mass deposition on the support. 
 
3.2. Chemical resistance 
Chemical resistance tests were performed by using 100 mL of HNO3 and 100 mL of NaOH solutions to check 
the chemical stability of the ghassoul clay support. The support was placed in the above corrosive environments 
at room temperature for 24H with stirring at room temperature. Corrosion resistance of the prepared support was 
analyzed in a terms of weight loss estimated from the value Δm %.  
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The obtained results revealed that the prepared support shows greater corrosion resistance in both environments 
acidic and basic. The values of weight loss are 1.3 and 4.3% for acid attack HNO3 0.5N and 1N, respectively. 
For basic attack with NaOH 0.5N and 1N, these values are between 0.5 to 2.3%, respectively. Hence, this 
support can be utilized for the membrane processes at all pH ranges. 
 

3.3. XRD analysis 
The behavior phase transformation of the ceramic support before and after sintering was identified by XRD 
analysis as displayed in figure 2.  
The XRD pattern of raw ghassoul clay showed that the dominant phase is the stevensite with the presence of 
quartz and dolomite [24].  
The phase transformation occurs during the sintering process, resulting in the formation of new phases that were 
identified by shifting of XRD peaks positions. After sintering of the sample, all the peaks in the patterns due to 
stevensite disappear; this is due to the transformation of stevensite to enstatite (E). This transformation can be 
represented by the reaction: 

Si(Mg>(OH)#O?@ → 3SiMgO> + SiO# + H#O      [25] 
 

On the contrary, the peaks of quartz and dolomite do not change which confirms the thermal stability of this 
phase. That means the stevensite phase is only concerned by the thermal treatment. Which confirms the 
compatibility with the results of DTA/TGA published in elsewhere paper [19]. 
 

 
Figure 2: XRD patterns of A) before sintering and B) after sintering at 900°C 

 
3.4. Characterization of the GHTM 
3.4.1. XRD analysis 
For comparison, we also present in figure 3 the XRD pattern of the Hydrotalcite HT-MgAlCO3 with Mg2+/Al3+ 
ratio = 3 obtained during the elaboration of membrane GHTM.  
This diffractogram (a) shows the formation of the well crystallized phase Hydrotalcite [26].The peaks which 
correspond to basal planes (003) and (006) are present at low 2θ values 11.40° and 22.72° respectively 
characteristics of lamellar structure for the synthesized sample. 
The XRD patterns of the as-synthesized GHTM (b), shows the predominant clay mineral is as follow: Enstatite 
(E): d=3.32; 4.025 Å, Quartz (Q): d=3.16; 2.98; 3.48 Å and dolomite (D): d=2.87; 2.49 Å. These results are in 
good accord with the chemical composition of the sintered ghassoul clay support used. The typical diffraction 
peaks of HT-MgAlCO3 powders (003) and (006) characteristic for hydrotalcite-like compounds have been 
observed at d=8.03Å; d=3.86 Å respectively, suggesting the formation of hydrotalcites layer crystals on the 
surface of the support ceramic. 
 

3.4.2. Textural characterization by nitrogen adsorption/desorption 
The nitrogen adsorption/desorption isotherm of the sintered ghassoul clay support, depicted in figure 4, is 
attributed to the type IV indicating a capillary condensation steps and characteristic of the mesoporous material 
to accordance of IUPAC classification [27]. The average pore size is 3,5nm as computed by BJH method from 
the desorption isotherm. The BET surface area and total pore volume are found to be 4,9 m2/g and 0,0247 cm3/g 
respectively, which are deducted from the amount of N2 adsorbed at relative pressure (P/P0) of 0.99. Figure 5 
shows the isotherm of powder mixture for GHTM, which can be identified as type IV. The hysteresis loops is 
similar to the type H3 associated with the slit-shape pore structure composed by plate-like particles. The specific 
surface area and a total pore volume are 8,19 m2/g  and 0,049 cm3/g  respectively. These values are more 
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important than those obtained for the ghassoul clay support but less than those of pure hydrotalcites [28]. This 
advantageous modification for the filtration process is vraissemblably due to adjunction of Hydrotalcites on 
ghassoul support. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: XRD patterns of a) the raw powder mixture for GHTM and b) the obtained hydrotalcites HT-MgAlCO3. 

 
 

Figure 4:  Nitrogen adsorption desorption isotherm powder of ceramic support 
 

   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Nitrogen adsorption desorption isotherm of GHTM 
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3.4.3. Scanning Electron Microscopy (SEM) 
The morphology, surface quality and densification of the sintered ghassoul clay supports and GHTM membrane 
were followed by Scanning Electron Microscopy (SEM). Figure 6(A) Shows SEM image of the prepared 
ghassoul clay support. This image gives information on the texture of the surface. We can observe that there are 
no cracks as well as pinholes on the surface of the supports and that the pores size distribution of the support is 
uniform and having circularity form, such as selected as substrates for membrane microfiltration [16]. 
Fig 6(B) shows the surface of the support is covered by a layer of hydrotalcite in the form of laminated sheets, 
the image demonstrates the crystals are very thin, as some appear semitransparent due to electron beam 
penetration through the crystal. The crystals appear very flat, which is consistent with the results of XRD 
analysis of the GHTM [29].The pores become more closed and the surface more dense. This seems to affect the 
surface with the possibility of change in the size of pores. The experimental results of water permeation used in 
flux measurements confirming our observation of SEM photograph. 
 

 
                                                     A      B 
          Figure 6:!SEM micrographs of the ghassoul clay support (A) and the as- synthesized GHTM (B) 
 

3.4.4. Water permeation measurements 
Figure 7 shows the evolution of the permeate flux as a function of the experiment time for the ghassoul clay 
support and the membrane GHTM under the same conditions of temperature and pressure. 

 

Figure 7: Water flux permeation of the ghassoul clay support and GHTM 
 

When focusing on the permeation flux of the support we can notice a decrease of 65% of the permeate flux 
during the first 80min of the experiment and stabilize with time around a value of 330L/m2.h. In the case of the 
GHTM, we can observe that the decline of the permeate flux is clearer by the value of 50%, during 50min to 
stabilize at the value of 221L/m2.h. Water flux through the ghassoul clay support is more important that the flux 
through the GHTM, probably due to the insertion of Hydrotalcite particules in the pores of support, which 
explains the deposition of hydrotalcite phase on the ghassoul support.  
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The filtration curves observed with the Ghassoul support and the GHTM membrane (Fig.7) look the same 
appearance, namely a decrease of the flow at the beginning followed by a stabilization of the latter. This 
behavior corresponds to a classical dependence of flux with the time characteristic of microfiltration. Daniel et 
al. [30] and Sybrandus et al. [31] have observed the same decrease of the permeate flux with time for PS-20 UF 
membrane and polymeric membrane. This was attributed to clogging of the pores. 

 

3.5. Separation of chromium (VI) from aqueous solution 
Figure 8 shows the spectra of the permeate stream samples obtained from microfiltration technique operated at 
pH 5.6 under pressure of 1bar and at room temperature. The figure 8 represents two branches situated at the 
positions 275nm and 370nm respectively. Both bands gradually drop as a function of time in the range of 30min 
to 3h. The spectra of the permeate stream samples were obtained in the UV-visible ranges from 240 to 800nm. 
Wavelengths of 240 to 450 nm were used for analysis and beyond the 450 nm no absorbance was found. 
Chromium ions show two ranges of resonating wavelengths, viz. 230 to 310 nm where it is independent of the 
nature of chromium ion, and 340 to 450 nm depending on the nature of the chromium ion [32]. 
 

!
Figure 8:!UV-Visible spectra of microfiltration permeate for 100 mg/L concentrated feed solution 

 
For the used chromium oxide in this experiment, it is dissociated in solution according to the following 
equation: 

CrO> + H#O             2HE + CrO(#&FF[33] 
 

The pH dependence of metal adsorption is largely related to the metal chemistry in the solution and the 
properties of the adsorbent. Cr(VI) exists in different ionic forms in solution. The most important Cr(VI) states 
in a solution are chromate CrO(#&, dichromate Cr#O%#&and hydrogen chromate HCrO(&, depending on the solution 
pH and total chromate concentration [34].  
Since the distribution of Cr(VI) species is dependent on both pH and total Cr(VI) concentration, according to a 
predominance diagram is presented using both pH and total Cr(VI) as variables. HCrO(& and CrO(#& are the most 
predominant species at the experimental total Cr(VI) concentration betwen 0,05mg/L and 300mg/L, for 
experimental pH lower than 6.8 HCrO(& is the dominant species of hexavalent chromium, and above pH 6.8, 
only CrO(#& is stable [35]. 
The obtained rejection for the filtration of metal chromium Cr(VI) is very important and significant, which 
proves the interest to use these GHTM membranes for metal pollution control. Since the pH of the treated 
solution at value of 5.6 and since the isoelectric point of GHTM membrane is 10.9 the surface of membrane 
should be charged positively, which results to the strong interactions developed between the multivalent species 
HCrO(& /CrO(#& and the positively charged membrane. This efficiency rejection of permeate stream samples as a 
function of time reaches around 96% after 80min of filtration experiment as plotted in figure 9. Table 1 presents 
the comparison of results obtained in this work with other membranes for the rejection of hexavalent Chromium 
from aqueous solution. 
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The rejection (98%) of Cr (VI) reported in this study at pH between 5 and 6 with an applied pressure of 1bar for 
the feed concentration of 10-3mol/l is comparable or even better than the value reported in the literature 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Rejection efficiency of permeate stream samples as a function of time 
 

Table1: Comparison of separation performance of the membrane GHTM with other membranes 

  
 
 
 
 
 
 
 
 
 

Conclusion 
This study allowed developing the GHTM membrane on a ghassoul clay support by co-precipitation method. 
The support was elaborated by the application of uniaxial compaction technique of a powder mixture of 
ghassoul clay and activated carbon. The chemical stability of the sintering support at 900 ° C was analyzed in 
terms of weight loss (2.5% for the acid attack and 2.3% for the basic attack), which also allowed to use it as a  
support for the membrane GHTM used in all pH ranges. 
Separation of chromium from the prepared GHTM membrane is verified by carrying out microfiltration studies 
of Cr (VI) from an aqueous solution. The obtained results confirm that the highest rejection around 96% after 80 
min is obtained at pH 5.6 with an applied pressure of 1 bar and a feed concentration of 100 mg/L. These 
membranes cited in this work have a potential find an application for the economic treatment of waste water 
containing toxic compounds in emerging countries in the comparaison other membrane reported in literature for 
similar purpose. 
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