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A B S T R A C T   

The current study aims to fabricate a Hydrotalcite Mg-Al membrane (HT-Gh-OS3) based on Ghassoul and olive 
stone composite as a microfilter to remove of polyphenols from olive mill wastewater. Also, the results and 
efficiency of HT-Gh-OS3 membrane was compared with HT-Gh-AC3 membrane used in our previous study where 
Gh=Ghassoul, OS=olive stone, AC=activated carbon, number 3 relating to the percentage of AC or OS, and 
HT=Hydrotalcite type MgAlCO3. The hydrotalcite was deposited on the ceramic supports ‘Ghassoul’ and 
characterized by Fourier Transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and Scanning electron 
microscopy coupled with Energy-dispersive X-ray spectroscopy (SEM/EDX). The diluted OMW with water 40 %, 
60 %, and 80 % contains 60 mg/L, 40 mg/L, and 30 mg/L concentrations of polyphenols respectively, which used 
in the filtration process by the new membrane. The results showed that the olive stone membrane has good 
porosity and reduced polyphenols by 74 % compared to 61 % by commercial activated carbon membrane. The 
macroporous structure of olive stones enhances the porosity of the support during sintering, resulting in a higher 
membrane porosity and better polyphenol reduction. The Hydrotalcite membrane based on the natural material 
(Ghassoul clay and olive stone) give a good retention of polyphenols of OMWW than the membrane with acti
vated carbon.   

1. Introduction 

The production of olive oil is one of the most important agricultural 
industries in many countries, especially Mediterranean basin countries. 
It generates two waste residues: liquid, called olive mill wastewater 
(OMWW), and solid olive stone (Bilal et al., 2021; Terral et al., 2021; 
Berbel et al., 2018). They make a critical environmental issue for all 
olive oil production countries, particularly in the Mediterranean basin, 
because their production percentage is largely related to oil production 
(Di Giacomo et al., 2022; Sciubba et al., 2020). The olive stone has 
become a proven ingredient in several fields, such as medicines, dietary 
supplements and cosmetics (Terral et al., 2021; Rodriguez et al., 2008). 
Olive mill wastewater (OMWW) is one of the most dangerous environ
mental, health, and agricultural issues, which is highly toxic black- 

colored water for drinking water, groundwater, and all soil types 
because it contains high concentrations of heavy metal ions such as 
(lead, cadmium, arsenic, copper, and manganese), organic substances, 
phenols, and biological pollutants (Galanakis, 2018). Different methods 
and techniques were reported in the literature for OMWW treatment 
such as forward osmosis (Gebreyohannes et al., 2015), supercritical 
water oxidation (Erkonak et al., 2008), a sequencing batch reactor 
(Chiavola et al., 2014), photo-Fenton system using artificial ultraviolet 
light lamps (Galanakis, 2018; García et al., 2017), single electro- 
coagulation with different electrodes and sequential electro- 
coagulation/electro-chemical Fenton-based processes (Sani et al., 
2020), advanced oxidation process (Flores et al., 2018), using mixed 
adsorbents of volcanic tuff, natural clay and charcoal (Sciascia et al., 
2019; Azzam, 2018). Some of the previous conventional technics are 
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either expensive or difficult to implement. In our case, we utilized a 
natural clay and OS, disponible and no expensive, for the preparation 
the membrane (Al Aani et al., 2020), nanofiltration (NF) (Tapia-Quirós 
et. al, 2022) and microfiltration (MF) using polymeric and commercial 
membranes. As a result, the current study aims to develop new micro
filtration membranes suitable for phenols OMWW removal. The aim of 
this work is to assess the efficiency of the new membrane (HT-Gh-OS3) 
for the elimination of the polyphenols from OMWW. To the extent of i) 
permeate flux; ii) remove of polyphenols and iii) characterization of the 
membrane microfiltration with SEM before and after the removal 
process. 

2. Materials and instruments 

2.1. Materials 

The metal salts (MgCl2, 6H2O) and (AlCl3, 6H2O) with a content of 
99 %, sodium hydroxide (NaOH) in pellet form with a purity of 98 %, 
sodium carbonate (Na2CO3) with a purity of 99.9 %, and Folin-Ciocalteu 
reagent pure, (Ag2SO4) silver sulfate, and (HgSO4) mercury sulfate, were 
provided by LobaChemie. Nitrogen gas was provided by the (Air Liquide 
Morocco) company, and Gallic acid 1-hydrate (C7H6O5, MW = 188.14 
with a purity of 98 %) was provided by PanReac. Potassium dichromate 
(K2Cr2O7) 99.7 % and sulfuric acid 95 % were provided from Sigma 
Aldrich. 

The natural clay is under the ‘name Ghassoul Chorafa Al Akhdar’ and 
from the company Sefrioui. The Olive stone is from the company ‘Olea 
Food’ in the region of Fez-Meknes. 

2.2. Characterization of support and (HT-Gh-OS3 and HT-Gh-AC3) 
membrane 

Fourier Transform Infrared (FTIR) analysis was performed using 
Fourier Transform Infrared Spectrometer (Shimadzu IRAffinity-1S). 
Termogravimetric (TGA-DTA) investigation was used by Shimadzu 
TA-60 type contraption. X-ray diffraction (XRD) analysis was performed 
by Philips PW 1800 instrument. The quickening voltage was 40 kV, the 
current was 20 mA, and the copper Kα radiation was λ = 1.5418 Å. 
Spectra of the different samples were registered in this range 2θ (5◦–70◦) 
with an accurate addition of 0.04◦. The scanning electron microscope 
(SEM) of Quanta 200 from FEI Company in the research center of 
Moulay Ismail University of Meknes-Morocco, was used to determine 
the morphology of ceramic and membrane before and after filtration. 

3. Membranes fabrication 

3.1. Preparation of ceramics supports 

The clay of Ghassoul ‘Gh’ was blended with 3 % of Olive stone (OS) 
or 3 % of actived carbon with a total mass of 4 g using the shaping 
technique using a mold under uniaxial pressure. 

This mixture was spread in a stainless-steel mold then subjected to 
pressure of 10 tonnes in order to obtain raw supports in the form of 
pellets 2 mm thick and 4 cm in diameter. These supports were then 
subjected to sintering at 950C◦ according to a thermal program based on 
the thermogravimetric analysis of Ghassoul. The classical method was 
used to determine the porosity of the two ceramic supports (Qabaqous 
et al., 2018). 

3.2. Deposed hydrotalcite onto ceramics supports 

Both membranes deposited on the supports were carried out ac
cording to the hydrotalcite (HT) synthesis procedure, that is, the co- 
deposition method. Magnesium chloride (MgCl2⋅6H2O) and aluminum 
chloride (AlCl3⋅6H2O) are dissolved in 100 mL of distilled water (solu
tion A) in such a way that the ratio of Mg to Al is 3. The mass of sodium 

hydroxide 32 g (NaOH) and 2,12 g of sodium carbonate (Na2CO3) are 
also dissolved in 100 mL of distilled water (solution B). Drop by drop, 
these two solutions are added to a flask containing 20 mL of distilled 
water, keeping the pH between 9 and 10 at room temperature with 
magnetic stirring. The gel formed containing the Hydrotalcite particles 
was added drop by drop to the supports placed horizontally in a crys
tallizer. The product obtained was then brought to a temperature of 70 
◦C for 18 h in order to obtain a membrane deposit formed of a well- 
crystallized and well-spread layer on the surface of the ceramic sup
port. After returning to room temperature, the membranes obtained are 
washed several times with distilled water to eliminate the free crystals 
not deposited on the surface of the support, and then dried at 80 ◦C. 

4. Efficiency of OMWW purification 

4.1. Preparation of OMWW samples 

Olive mill wastewater samples were supplied by 2 phase system from 
Fez-Meknes region (Morocco). OMWW liquid samples were bubbled 
with nitrogen to avoid phenol degradation and filtered by centrifuga
tion. Also, the samples diluted by distilled water with the following 
percentage (40 % OMW, 60 % OMW and 80 % OMW) to remove organic 
matter may be fouling the membrane. 

4.2. Removal of polyphenols from olive mill wastewater onto membranes 

Based on previous experiences (Singleton et al., 1999), all samples 
were filtered at different times ranging from 30 to 310 min using a pilot 
designed in the laboratory (Fig. 1), and the polyphenols before and after 
filtration was determined with the same protocol as in the previous 
study (Safae et al., 2020). The concentration of polyphenols was 
determined by a colorimetric method using Folin-Ciocalteu reagent that 
was cited in the same study (Safae et al., 2020). 

4.3. Filtration pilot process 

The pilot filtration system (Fig. 1) includes a 10 L of different dilution 
of OMW in the feed tank, a pump, two manometers pressure located 
before and after the flat-sheet membrane to measure the inlet and outlet 
pressure. 

The conditional experience of filtration was used at temperature 
25◦C, the pression 1 bar like a previously study (Qabaqous et al., 2018), 
Safae et al., 2020). 

Fig. 1. Diagram of the laboratory pilot (1: pump, 2: solution tank, 3: pressure 
manometer, 4: valve, 5: sample holder module, 6: filtrate. 
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4.4. Measurement of membrane water permeability 

The permeate flux of different samples was determined at different 
pressures (from 1 bar to 5 bar) and various times (from 30 min 
to180min), at constant temperature (25 ◦C). 

After we calculated the flow at (25 ◦C) using the formular: 

J =
V

A*t  

where: J is the flux (L.h− 1.m− 2), V is the volume (L) of water collected in 
period t (h), and A is the surface of the membrane, which is 8.04x10-4 m2 

in this case. 

5. Results and discussion 

5.1. Characterization of support 

It is important to note that since the supports were obtained after 
sintering at 950 ◦C, the temperature at which the mineral or organic 
adjuvant is eliminated, and the deposed hydrotalcite onto both mem
branes, the characterizations by Infrared spectroscopy and X-ray 
diffraction of the two supports and membranes give the same spectra. 
Supports correspond to: Gh-AC3 and Gh-OS3 and membranes: HT-Gh- 
AC3 and HT-Gh-OS3. 

5.1.1. X-ray-diffraction (XRD) 
The X-ray diffractogram of Gh-B (Fig. 3) shows that crude Ghassoul 

consists of three clay phases: The first phase is the stevensite ‘S’ phase, 
rays contained at 2θ = 5.70◦, 11.61◦, 19.33◦, 29.43◦, 33.40◦, and 44.84◦. 
The second phase is dolomitic phase ‘D’, lines included at 2θ = 30.83◦, 
34.58◦, 41.03◦ and 35.22◦. The third phase is ‘Q’ quartz phase where 
lines included at 2θ = 20.73◦, 26.52◦ and 53.70◦. 53.70◦.We noticed the 
presence of free silica in the shape of quartz and dolomite in very small 
amounts. On the other hand, Stevensite is the magnesian pole of the 
series of smectites that make up the majority clay phase of Gh-B. These 
findings are consistent with previous work-based X/EDX fluorescence 
analyses (Allaoui et al., 2019), (Frost and Vassallo, 1996), (Ajbary et al., 
2013), (Elass et al., 2011).After heating the support to 950 ◦C, the ste
vensite peaks disappeared, and the enstatite (E) peaks appeared. Also, 

Fig. 2. X-ray diffractograms of raw Ghassoul ‘Gh-B’ and support S: stevensite, 
D: dolomite, Q: quartz, E: enstatite. 

Fig. 3. Micrograph of supports (right) Gh-AC3, (left) Gh-OS3.  

Fig. 4. IR spectra of Ghassoul and support.  

Table 1 
FTIR of Ghassoul powder (Gh-B) and support.  

Frequency 
cm¡1 

Bands of Gh-B Bands of support 

3428 Stretching vibrations of OH 
hydroxyl groups 

Stretching vibrations of OH 
hydroxyl groups 

1640 Deformation vibration of water 
molecules 

Deformation vibration of 
water molecules 

1442 Vibrations due to the presence of 
carbonates 

– 

1070 – Stretching vibration of Al-OH 
group 

1007–984 Asymmetric elongation 
vibrations of SiO2 

Asymmetric elongation 
vibrations of SiO2 

891–882 Deformation vibrations of (CO3) 
and Al2OH groups 

Deformation vibration 
Al2OH groups 

502–470 Deformation vibrations of Si-O- 
Si bond 

Deformation vibrations of Si- 
O-Si bond  
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observe a displacement of the quartz lines and the dolomite with a 
decrease in their intensities; due to the change in the clay structure 
(ghassoul). 

5.1.2. SEM and porosity 
Scanning electron microscopy was used to examine the morphology, 

porosity of the prepared supports (Gh-OS3 and Gh-AC3) and visualize 
the surface defects. 

Fig. 4 presents the micrographs of the supports Gh-OS3 and Gh-AC3, 
sintered at 950̊C that show dark zones, which constitute the pores, and 
grey zones presenting the clay matrix. Also, great porosity in support 
with olive stone as adjuvant Gh-OS3 than active carbon Gh-AC3. As a 
result, the organic adjuvant ’olive stone’ after sintering gives a very 
porous support, compared to the one with the mineral adjuvant ‘acti
vated carbon’. The porosity was 31 % for olive stone and 27 % for 
activated carbon. 

5.1.3. FTIR 
Fig. 2 and Table 1 show infrared spectrum analysis for Gh-B (B =

raw). The comparison between ghassoul and support is signified by the 
reduction of the intensity bands at 3428 cm− 1 and 1640 cm− 1 corre
sponding to the stretching and deformation vibrations of water mole
cules respectively and the disappearance of the band at 1442 cm− 1 of the 
carbonate species. A new band at 1070 cm-1corresponding to Al2(OH)6 
group appeared. Also, a displacement of the asymmetric stretching vi
bration band of SiO2 from 1007 to 984 cm− 1 was observed. 

6. Characterization of (HT-Gh-OS3 and HT-Gh-AC3) membranes 

6.1. X-ray-diffraction 

The diffractograms for both membranes and supports elaborated 
with 3 % olive stone Gh-OS3 or actived carbon Gh-AC3 as adjuvant show 
the same peaks as shown in Fig. 5. The diffractogram of the membrane 
(red color) indicates the presence of all the characteristic lines of the 
hydrotalcite phase and Ghassoul support. The fabrication protocol suc
cessfully deposed the hydrotalcite phase on the Ghasoul support and 
produced the HT-Gh-OS3 and HT-Gh-AC3 membranes. 

6.2. SEM 

A more or less significant agglomerate of particles of heterogeneous 
size in the form of flat sheets (platelets) is observed, which shows the 
presence of the hydrotalcite phase. We also note the presence of coating 
of the support surface by the hydrotalcite layer, which indicates the 
presence of membrane deposits (Fig. 7). These results confirm the idea of 
successful membrane production and corroborate those observed by 
XRD and FTIR. 

6.3. Transmission electron microscopy coupled with energy dispersive 
analysis 

EDX was used to confirm the membrane’s elaboration, as shown in 
(Fig. 8). Elements C, O, Si, Na, Ca, Mg, and Al are shown as components 
of hydrotalcite and Ghassoul, confirming the presence of hydrotalcite 
(Mg, Al, C, and O) and Ghassoul (Si, Na, and O) phases in the membranes 
based on XRD and FTIR results. 

Fig. 5. X-ray diffractograms of support, Hydrotalcite and membrane.  

Fig. 6. Micrograms per SEM of membrane.  

Fig. 7. EDX of membrane.  

Fig. 8. Infrared spectra of support, Hydrotalcite and membrane.  
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6.4. FTIR 

Fig. 6 presents the infrared spectra of the hydrotalcite HT, the sup
port, and the membrane. The infrared spectrum of the membranes shows 
the principal bands that are characteristics of hydrotalcite and ghassoul 
phases. It is observed that the bands at 1625 cm− 1 and 1370 cm− 1 are 
associated with water and carbonate species for hydrotalcite HT. The 
presence of bands at 1070 cm− 1, 891 cm− 1 corresponds to the ghassoul 
phase. The band of O–H groups at 3465 cm− 1 is broad, gathering 
hydrotalcite and ghassoul hydroxyl species. These results confirm the 
membrane deposition, which is in agreement with the XRD 
observations. 

7. Removal of polyphenols from olive mill wastewater onto 
membranes 

Fig. 9 shows the evolution of polyphenol retention as a function of 
time for the two membranes, HT-Gh-OS3 and HT-Gh-AC3, at different 
dilutions of olive mill wastewater. A rapid increase in retention is noted 
during the first 20 min. In contrast, the tendency decreases significantly 
in speed with time to tend towards stabilization after 120 min for the 
two types of membranes and all dilutions. The stabilization is due to the 
clogging of the membrane by the presence of deposits of polyphenolic 
compounds on the surface of the membrane. The results of the filtration 
experiments show the different dilutions of olive mill wastewater (40, 60 
and 80 time) before and after filtration for the HT-Gh-OS3 membrane 
(Fig. 10) and the olive mill wastewater diluted 80 times for the HT-Gh- 

Fig. 9. Removal efficiency as a function of time.  

Fig. 10. Photos of olive mill wastewater solutions (left) and the HT- Gh-OS3 membrane (right) before and after filtration of olive mill wastewater at different 
dilution rates. 
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AC3 membrane (Fig. 11). 
The photos of filtration experiments before and after filtration for the 

different dilutions of olive mill wastewater, 40, 60 and 80 time with HT- 
Gh-OS3 membrane and 80 times with HT-Gh-AC3 membrane, are pre
sented in Fig. 10 and Fig. 11 respectively. 

As shown in (Figs. 10 and 11), polyphenols retention by HT-Gh-OS3 
and HT-Gh-AC3 membranes decreased color for all diluted samples, as 
mentioned by Qabaqous et al. in the retention of heavy metal Cr on the 
hydrotalcite based on ghassoul and activated carbon membrane Mg3Al- 
Gh-AC3 (Qabaqous et al., 2018). However, olive mill wastewater diluted 

Fig. 11. Photos of olive mill wastewater solutions (left) HT- Gh-AC3 membrane (right) before and after filtration of olive mill wastewater diluted to 80%.  

Fig. 12. Evolution of the flux as a function of time for the two elaborate membranes.  

Fig. 13. Evolution of the flow according to the pressure for the two elaborate membranes.  
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to 80 % provides high polyphenol removal efficiency, equal to 71 % and 
60 % for olive stone and activated carbon membrane, respectively, and 
one bar filtration pressure (Fig. 9). Based on current results and com
parison of our previous studies for the adsorption of polyphenols onto 
ghassoul, that filtration membrane makes to retain a greater quantity of 
polyphenols than that obtained by the adsorption process (Qads = 161 
mg/g, i.e., a polyphenol removal efficiency of 53 % (Allaoui et al., 
2019). In addition, the current results are better than Macro Stoller 
et al., who found a removal efficiency of polyphenol of 55 % using a 
filtration pressure equal to five bars (Stoller 2008). Therefore, the 
membrane process is interesting compared to the adsorption method in 
eliminating polyphenols from olive mill wastewater. 

7.1. Measurement of membranes HT-Gh-OS3 and HT-Gh-AC3 water 
permeability 

The Fig. 12 shows the flow a function of time for two membrane. At 
the beginning we observed a decrease in flow until a stabilization after 
120 min of filtration where a dilution rate of 80 %, the HT- Gh-OS3 
membrane flux goes from 199 L/m2.h (t = 30 min) to 143 L/m2.h (t 
= 120 min), and for HT-Gh-AC3 this flow goes from 69 (t = 30 min) to 
46 L/m2.h (t = 120 min). Similarly, for the other dilutions, the flux value 
for the HT-Gh-OS3 membrane is greater than that of HT-Gh-AC3 
(Fig. 12). In conclusion, the filtration through the HT-Gh-OS3 mem
brane is more important than HT-Gh-AC3, and this membrane also 
shows less clogging. Therefore, the HT-Gh-OS3 membrane can be used 
to remove polyphenols at a larger size than in the laboratory or even on 
an industrial scale. 

The mechanical resistance of each membrane was checked by 
determining its permeability as a function of the pressure for all di
lutions (80 %, 60 %, and 40 %) and varying the pressures from 1 to 5 
bars. Fig. 13 represents the linear variation of the permeate flux J(L/h. 
m2) as a function of the applied transmembrane pressure (bar) for the 
different dilutions. J value for the 80 % olive mill wastewater is greater 
than that of the 60 % and 40 % olive mill wastewater in the case of the 
two membranes. The flux increases with the increase in pressure for all 

dilutions of the olive mill wastewater. During these experiments, it was 
found that the increase in pressure up to 5 bars does not lead to the 
cracking of the membranes, which makes it possible to conclude that the 
two membranes have good mechanical resistances. These results are in 
agreement with the work of E. Turano et al., who studied the treatment 
of olive mill wastewater by an integrated centrifugation-ultrafiltration 
system with a commercial membrane (Turano et al., 2002). 

7.2. Characterization of membranes after filtration 

7.2.1. SEM of the membrane after filtration 
The morphology of the membrane before the filtration operation 

shows the formation of a layer of hydrotalcite in the form of stratified 
sheets constituting the deposit on the surface of the support (Fig. 14A 
and A’). This hydrotalcite layer deposition reduces the pore size of the 
‘Ghassoul’ support, and the membrane surface becomes denser. After 
filtration (Fig. 14 B and B’), dense layers forming the deposit of poly
phenols from olive mill wastewater on the membrane were observed. It 
indicates that the polyphenols were retained by the membrane and 
confirmed the deposition of polyphenol species on the membrane, as 
shown in (Figs. 10 and 11). 

8. Conclusion 

The elaboration of the membrane filtration based on natural Ghas
soul clay and olive stone has been successfully carried as the activated 
carbon membrane out to eliminate polyphenols from the wastewater of 
oil mills. The Different dilutions of OMW (40 %, 60 %, and 80 %) were 
filtered by the two membranes using a filtration pilot. The result shows 
that the efficiency of elimination of polyphenol species is 71 % for the 
membrane with olive stone and 61 % with activated carbon membrane. 
This shows that the organic matter (olive stone) gives a good porosity to 
the membrane against the activated carbon. Retention of polyphenols 
was confirmed by SEM and maybe the future method for the removal of 
these species. 

Fig. 14. Morphology of the membrane (A, A’) before and (B, B’) after the filtration tests.  
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