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a b s t r a c t
The current paper presents the fabrication of new composite ceramic porous membranes by hydro-
thermal deposition of zeolite A (type LTA) (m-LTA) and Y (type Faujasite) (m-FAU) on clay support. 
Flat-disc membrane supports were prepared by uniaxial pressure on a mixture of clay and activated 
carbon (3.0%, w/w). The specific surface area of Faujasite-Y deposited was found to be 558.75 m2 g–1 
with an average pore diameter of 20.90 Å, while zeolite-A was presented only with a specific surface 
area of 6.32 m2 g–1 and an average pore diameter of 128.70 Å. The structures of pores for both zeo-
lite layers deposited were type IV according to IUPAC which are attributed to mesoporous solids. 
Scanning electron microscopy revealed that the edges of the cubes vary between 1.18 and 4.37 μm 
for the zeolite A (m-LTA) and the average diameter ranged between 0.98 and 3.03 μm for the zeolite 
Y (m-FAU). m-FAU membranes were found to perform better than m-LTA membranes. The rejection 
order for both membranes was PbCl2 > CoCl2 > CdCl2 > ZnCl2. For instance, a maximum rejection of 
93% of ZnCl2 was attained on m-FAU membranes in 1 h and 30 min membrane operation. However, 
the same rejection rate for the same metal salt was attained on m-LTA after 3 h and 30 min. The mech-
anism of metal salt rejection was dominated by the hydrated ionic size of cations, with an excep-
tion for CoCl2 where rejection could be governed by repulsion between the charged ion and the 
membrane charged surface.
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1. Introduction

The removal of heavy metals from wastewaters is a 
major anxiety because of the high toxicity they can cause to 
the environment [1]. Damaging results could be obtained 
when toxic metals are available at contaminated levels affect-
ing, survival, reproduction and sometimes their behavior 
[2]. Decontamination of industrial effluents from toxic heavy 
metals is usually carried out through filtration by ceramic 
membranes mainly because of their strength, thermal stabil-
ity and ability to work in aggressive media, such as acid-base 

strong solvents [2–6]. Ceramic membranes surpass antago-
nist polymeric membranes [8–10] and other physicochemical 
techniques such as physical and chemical adsorptions, bac-
terial biomass, electrodialysis, sedimentation, flocculation, 
and photocatalysis [7–12]. Various ceramic membranes have 
been fabricated from different materials including, alumina 
oxides, silicon carbides, zirconia, titania, as well as glassy 
materials [11–14]. Membranes could be used for the fil-
tration of liquids as well as gasses [15–17]. In recent years 
tubular and planar ceramic membranes were used because 
of their additional performing parameters such as flux and 
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efficiency, different layers were deposited on membrane 
supports to obtain asymmetrical membranes that present 
desirable mechanical strength and thermal shock resistance 
[13]. The main factors to consider when using membranes 
in water filtration are porosity, pore size, pore distribution, 
surface charge and degree of hydrophobicity [14,15]. Zeolite 
is porous materials that were used as adsorption media in 
membranes technology, they are deposited inside the pores 
of ceramic supports, in tubular or plane form [16]. An exam-
ple of these membranes is the nucleation and growth of zeo-
lite microcrystals on alumina supports. Pores and surface 
properties of the alumina support were found to affect the 
final properties of the zeolite-alumina composite membrane 
[17]. The arrangement of zeolite tetrahedra (TO4; T = Si, Al) 
which share oxygen atoms lead to tunnels like structure 
enclosing cavities that could be occupied by water or metal 
ions during the filtration process. Zeolite can occur naturally 
and could be synthesized from different starting materials, 
the two main components are alumina and silica, the proper-
ties of the synthesized zeolites were highly dependent on the 
Si/Al ratio. For example, hydrophobic zeolites were obtained 
when a low Si/Al ratio was used in the synthesis and these 
were used for the removal of polar compounds [18]. While 
when a high ratio of Si/Al was used hydrophilic zeolite 
membranes were used [19–22]. The wide field of applica-
tions was unlocked based on these properties namely catal-
ysis and composite membranes [16,22–24]. More than half 
of the commonly studied heavy metal cations are divalent 
cations, they are identified, as pollutants in the environment, 
and a comprehensive understanding of their removals using 
membranes is vital for the remediation [25].

We herein fabricated two composite membranes, clay- 
zeolite A (m-LTA) and clay-Faujasite (m-FAU) via a hydro-
thermal method on a plane shape-like membrane supports. 
The supports were fabricated from clay mixtures with 3% 
activated carbon which was used as a porogen agent. The 
two membranes were tested to selectively remove heavy 
metal divalent cations from feed solutions. To understand 
divalent cations mechanism removal on the membranes, we 
studied the removal of four cations; lead (Pb2+), cobalt (Co2+), 
cadmium (Cd2+) and zinc (Zn2+) chlorides as single solutions 
on the clay support alone and the two membranes m-LTA 
and m-FAU. By measuring the flux of three different gran-
ulometry of the clay supports and the rejection % of heavy 
metal cation, we verify the significant influence of the sup-
port on both the rejection of the divalent cations as well as 
the permeability of the membranes. Optimum conditions 
were formulated for such membrane fabrication.

Our prepared membranes perform better than ultrafil-
tration membranes, which demonstrated very poor metal 
rejection mainly due to their large pore size between 0.01 and 
100 μm. In addition, our membranes were very permeable to 
ZnCl2 and very selective to PbCl2.

2. Experimental

2.1. Materials

Sodium hydroxide (NaOH, 99%), sodium chloride 
(NaCl, >99.5%), Hydrochloric acid (HCl, 37%), sodium sil-
icate (Na2Si3O7), aluminum hydroxide (Al(OH)3), sodium 
aluminate (NaAlO₂), sodium orthosilicate (Na₄SiO₄), zinc 

chloride (ZnCl2, 98%), lead chloride (PbCl2, 98%), cobalt(II) 
chloride (CoCl2, 6H2O, 98%), cadmium chloride (CdCl2, 
2.5 H2O, >98%), were obtained from Somaprol chemicals 
and Laboratory Reagent Ltd., Casablanca, Morocco. All the 
chemicals were used as received without any further purifi-
cation. Deionized water Millipore (resistance = 17.2 MΩ cm) 
was used throughout all experiments. polyethylene bottles 
were used throughout the mixing of the precursor solutions 
to avoid silicon addition from glassware.

2.2. Preparation of the clay membrane supports

Clay mineral was collected from the central region 
of Morocco, characterized previously [26], was made 
into small particles with three different granulometry; 
Φ ≤ 63 µm, 63 ≤ Φ ≤ 160 and 160 ≤ Φ ≤ 250 using AFNOR 
standardized sieves. 4.0 g of 3% (w/w) (activated car-
bon/clay) were introduced into a stainless-steel mold and 
pressed uniaxially under a pressure of 460 bars, flat discs 
like pellets with 40.0 mm in diameter and 2.0 mm thickness 
were obtained. The activated carbon and granulated clay 
were shacked thoroughly to assure homogeneity prior to 
pressing. The consolidation of the support was assured by 
the surface adsorbed and constitutional waters of the clay, 
therefore no water was added to the powders. The raw flat-
disc membrane supports were calcined to a final tempera-
ture of 1,000°C, using an electric furnace (type NABER 2804) 
following a heating program developed based on physico-
chemical phenomena occurring in the clay-based on thermal 
analysis (DTA, TGA and shrinkage analysis) [5,6].

2.3. Zeolite membranes preparation

The seeded liquid phase hydrothermal synthesis was 
used to prepare zeolite A and Y membranes on 160 ≤ Φ < 250 
granulometry activated carbon progenenated flat-disc sup-
port, based on their interesting porosity and pore character-
istics [5]. Prior to synthesis, the clay support was polished 
from both sides with a 600 grit-sand paper to obtain smooth 
surfaces from both sides of the support, later it was washed 
with de-ionized water to remove dust created during the 
smoothing, then dried overnight in an oven at 100°C. The 
aluminosilicate precursor gel was poured into a Teflon lined 
stainless-steel autoclave, where the support flat-discs was 
immersed and kept in a horizontal position, the bottom face 
of the membrane was covered with a cling film so that zeo-
lite deposition would be only on the top face. Then the auto-
clave was heated overnight to a temperature of 80°C. Two 
gels were prepared separately for zeolite A; the silicate pre-
cursor molar composition was (0.02 SiO2, 0.14 NaOH, 2.00 
H2O) and alumina precursor molar composition was (0.02 
Al(OH)3, 0.20 NaOH, 4.00 H2O). For zeolite Y, a germination 
gel composed of (0.0255 NaOH, 6.38 × 10–3 NaAlO₂, 0.28 H2O 
and 0.02 Na₄SiO₄) and a growth gel composed of (8.75 × 10–4 
NaOH, 0.04 NaAlO₂, 1.82 H2O and 0.1252 Na₄SiO₄). The two 
precursors for each zeolite type were mixed in a beaker prior 
to adding them to the autoclave in the presence of the clay 
support and were heated to a final temperature of 80°C in an 
oven for a period of 24 h.

Membranes prepared on the clay-flat-disc were named 
(m-LTA) for zeolite A and (m-FAU) for zeolite Y. The as- 
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prepared zeolite membranes were dried in open air over-
night, and then heated to a final temperature of 480°C. 
Heating was made between 22°C and 480°C at a heating rate 
of 5.0°C min–1 under atmospheric air. The cooling back to 
22°C was made with a cooling rate of 5.0° min–1. The purpose 
of this step is to consolidate the zeolite membrane [5].

2.4. Characterization Techniques of the clay-zeolite membranes

Adsorption of N2 was used to characterize the pore struc-
tures of the composite membranes m-LTA and m-LTA. An 
ASAP2000 Micrometrics apparatus, (Merignac, France) was 
used to characterize the pore structures and the specific sur-
face area of the supports as well as the membranes. Nitrogen 
adsorption isotherms were performed at pressures up to the 
bulk saturating vapor pressure P0 and at a temperature of 
77.35 K. The total pore volume, Vp (cm3 g–1), were estimated 
as total intrusion volume at a pressure of about 0.31 bar. The 
specific surface SBET (m2 g–1) was obtained by the Brunauer–
Emmet–Teller (BET) theory. The pores size distribution (PSD) 
curves were computed from the desorption branches of the 
isotherms using the Barrett–Joyner–Halenda (BJH) algorithm 
for pore diameters between 17 and 3,000 Å. The pores sizes, 
D (Å), were determined from the maxima of the PSD curves. 
The scanning electron microscopy (SEM) images were taken 
by a JEOL JSM 6400, (Tokyo, Japan) (operating at a voltage of 
20 kV). Membranes were also characterized by X-ray diffrac-
tion (XRD) using a LabX Shimadzu XRD-6100 diffractometer 
with a copper anode and a graphite monochromator to select 
CuKα1 radiation (λ = 1.540 Å). Data was recorded between 
2θ = 2.5° to 40° in increasing steps of 0.03° and t = 1 s/step.

2.5. Water absorption and porosity

Total porosity permits assessments of the percentile of 
voids in the clay supports and composite membranes and 
provides information about the strength of the final prod-
uct. Porosity in support flat disks and prepared m-LTA and 
m-FAU membranes was measured using Eq. (1), where md is 
dry sample mass and mf is wet sample mass after dipping in 
water for 24 h.

P
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f d

d
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−

×100  (1)

2.6. Measurement of the isoelectronic points of zeolite A and Y

0.2 g of the solid (zeolite A or Y) was suspended in 100 mL 
of 0.001 M NaCl and 1.0 mL of 0.3 M HCl. The suspension 
was stirred until pH stabilization was reached. Flow vol-
umes of 50 μL of 0.3 M NaOH were added to the homoge-
nized solution and the pH of the suspension was recorded 
after each addition and stabilization. Blank solutions were 
taken as supernatants of the two zeolites’ suspensions and 
were titrated under the same conditions. The charge pres-
ent on the surface of the zeolite (σ) was calculated from the 
titration curve of the zeolite and the blank using Eq. (2).

σ
µ

= ∆ ×
×
×











−

V
A m
B

s

FC 10 C
cm

4

2  (2)

where F is Faraday constant (96,480 C mol–1), A is the specific 
surface area of the zeolite material (m2 g–1), CB is the concen-
tration of the base added (mol L–1), ms is the solid–liquid ratio 
of the zeolite in (g L–1) and ΔV, is the volume variation.

2.7. Measurement of metal ions concentration from filtered 
solutions

A 7000 Series Shimadzu atomic absorption spectropho-
tometer was used with single element hollow-cathode-lamps 
for Pb, Co, Cd, and Zn. 10–4 mol L–1 stock solutions of 
metal-contaminated waters were prepared for single metals 
from chloride salts of all metal ions. Standard solutions were 
prepared by diluting a commercial solution (~1,000 ppm) 
of the appropriate metal ion. The flame was used in the 
detection and combustion was assured by acetylene and air.

2.8. Filtration tests

Filtration tests were performed in an assembly specifi-
cally designed for this purpose (Fig. 1). The filtration unit 
of the flat-disc zeolite membrane has three entrees a feed 
entry connected to the pump and controlled with a valve 
and a pressure gauge to regulate the flow rate of filtration, 
a retentate entry of the membrane attached to the stock 
tank and controlled also with a valve and a pressure gauge 
to maintain the bleed flow rate of the membrane equal to 
the filtrate flow rate. The permeate entry is opened to the 
air and permeate is collected in a beaker over a balance. A 
condenser spiral tube circulated the tank is used to circu-
late cold water and maintain the temperature constant. The 
experimental protocol and devices used to carry out the 
filtration measurements are shown in Fig. 1.

2.9. Calculation methods

Specific surface SBET (m2 g–1) was obtained by the BET 
theory. The PSD curves were computed from the desorption 
branches of the isotherms using the BJH algorithm for pore 
diameter between 17 and 3,000 Å. The rejection of heavy 
metal ions by the membrane was represented as a percent 
(%), the permeate concentration from metals and stock solu-
tion were determined by atomic absorption using calibra-
tion curves. The percentage of rejection was calculated from 
Eq. (3).

%Rejection= feed permeate

feed

C C
C
−

×100  (3)

In Eq. (3), Cpermeate is the molar concentration of the per-
meate and Cfeed is the concentration of the feed solution.

The filtrate flux rate (J) in L × m–2 × h–1 was measured from 
Eq. (4).

J
V
A t

=
×

permeate

filter

 (4)

In Eq. (4), Vpermeate, is the volume of the metal ion solu-
tion filtrated through the membrane and Afilter is the area of 
filtration of the membrane calculated from Eq. (5).
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In Eq. (5), d is the diameter of the filtration area which 
is equal to 3.0 cm.

3. Results and discussions

Analysis with XRD was carried out on the clay support 
alone prior to zeolite A and Y deposition. Figs. 2a and b 
show the raw and calcined clay material X-ray patterns. The 
predominantly clay mineral diffractions were identified by 
the inter-reticular measured distances, the Miller indices, 
and the 2θ position is given as follow: Quartz 4.27, (100), 
20.9°; 3.35 (101), 26.7°; 2.45, (110), 36.5°, quartz diffractions 
were identified through powder diffraction File No 00-046-
1045. Kaolinite 7.17, (00l), 12.3°; 4.47, (020), 19.8°; 3.57, (002), 
24.8° and 2.38, (003), 37.9°, kaolinite diffractions were iden-
tified through powder diffraction file No 00-014-0164. Illite: 
10.0, (002), 8.7°; 5.02, (004), 17.6° and 3.34°, (006), 26.6°, illite 
diffractions were identified through powder diffraction file 
No 00-026-0911. The presence of carbonate was noticed in 

  
Fig. 1. Schematic representation for the filtration measurements.
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Fig. 2. X-ray diffractograms of raw clay material; treated and calcined clay material; zeolite A (Linde) and zeolite Y (type Faujasite).
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the form of calcite and was identified by reflects of 3.84, 
(012), 23.1°; 3.04, (104), 29.4°; 2.83, (113), 39.5°. Calcite 
diffractions were identified through powder diffraction file 
No 00-005-0586.

Figs. 2c and d represent X-ray diffractograms of clay-ze-
olite A (m-LTA) and clay-Faujasite-Y (m-FAU) composite 
membranes. These patterns confirm essentially the forma-
tion of crystalline zeolite A and zeolite Y layers inside the 
pores as well as on the surface of the clay flat-disc supports 
without any preferred orientations. Diffraction pattern of 
zeolite A was consistent with zeolite A pattern type Linde 
(LTA) (powder diffraction File No 39-0222) [27] with peaks 
centered at 7.2°, 10.2°, 12.1°, 16.1°, 21.6°, 24.0°, 27.0°, 30.8°, 
34.2° and 44.12° (2θ), which are indexed as the (200), (220), 
(222), (420), (442), (622), (642), (644), (664) and (884) reflec-
tions. While diffraction pattern of zeolite Y was consistent 
with those of zeolite type Y Faujasite (powder diffraction File 
No 00-043-0168), identified by eleven peaks centered at 6.2°, 
10.4°, 11.2°, 18.7°, 20.3°, 23.6°, 26.9°, 29.6°, 30.7°, 31.3°, 32.4°, 
33.0°, and 37.8° and indexed as (111), (220), (311), (331), (333), 
(440), (533), (642), (733), (822), (555), (840), (753) and (666) 
reflections.

SEM images were taken by a JEOL JSM 6400, (Tokyo, 
Japan) (operating at a voltage of 20 kV). Fig. 3 shows selected 
SEM micrograph images of the support made from 3% acti-
vated carbon as porogen and zeolite membranes synthesized 
on the support with typical Linde (LTA) morphology for zeo-
lite A and Faujasite for zeolite Y. The presence of zeolite crys-
tals were noticed inside the pores as well as on the surface of 
the 3% activated carbon porogenated clay flat-disc supports. 
Micrographs (a) and (b) represent the morphology of the 3% 
activated carbon porogenated flat-disc support showing that 
support has mixture of pores that could range from micro 
(<2.0 nm) to macro (>50.0 nm) size passing through meso 
(2.0 < Φ < 50.0 nm). This was in accordance with a previous 
study where the size of the macropores was found to vary 
between 51.2 to 133 nm, while, the diameter of the meso-
pores was found to vary between 20.0 to 14 nm when the cal-
cination temperature of a 3% activated carbon porogenated 
clay support was varying between 700°C to 950°C [5,6]. 
Micrographs (c) and (d) were obtained during the growth of 
zeolite A on the clay support. While (e) and (f) were obtained 
during the growth of zeolite Y on the same clay support. The 
morphology of zeolite A and Y are uniform and continuous 
throughout the surface of clay flat-discs. SEM pictures of 
zeolite A confirmed that crystals (Fig. 3d) were short cubes 
varying size between 1.18 to 4.37 μm in edge, while, zeolite Y 
crystals (Fig. 3f) were in the form of octahedral prisms with 
average diameter varying between 0.98 to 3.03 μm, some are 
aggregates with varying sizes. Similar results were obtained 
when imprinted zeolite-Y for p-cresol removal in hemodial-
ysis were synthesized, the diameter was 0.38 μm while com-
mercial zeolite Y was in the range of 0.45 μm [28].

The volume of nitrogen adsorbed at vapor pressure P0 
and temperature of 77.35 K for the clay support, m-LTA, 
and m-FAU membranes was measured using the ASAP2000 
Micrometrics apparatus, plots of the hysteresis loops were 
plotted against the relative pressure (Fig. 4). The hysteresis 
loop for the clay support correspond to those of type H3 
according to the IUPAC classification [29], this is an indica-
tion that the membrane supports are in large macroporous, 

with “slot” like pores; formed by the superposition of crys-
talline platelets which are originated from clay phyllosili-
cate structures [26,30]. While the hysteresis was of type H4 
for both membranes m-LTA and m-FAU, which characterize 
mesoporous materials, a broad hysteresis was obtained in the 
case of m-FAU while m-LTA condensation branch was almost 
superimposed to the evaporation branch.

The structural parameters derived from the nitrogen 
adsorption isotherms are reported in Table 1. The specific 
surface area dropped from 71.2 m2 g–1 for the clay powder 
used in the preparation of the clay support to 0.393 m2 g–1 
for the 160 ≤ Φ < 250 granulometry support. This dramatic 
decrease was mainly due to the compacting and the calci-
nation of the support to 1,000°C. The volume of the pores 
followed the same trend as decreasing from 0.1151 to 
0.00082 cm3 g–1 for the clay powder and the 160 ≤ Φ < 250 
granulometry support respectively. As far as the zeolite 
membranes were concerned, the deposition of zeolite on the 
clay support leads to an increase in the BET specific surface 
area (SBET, m2 g–1) from 0.393 m2 g–1 for the clay support to 6.3 
and 558.8 m2 g–1 for m-LTA and m-FAU respectively, indicat-
ing that deposition of zeolite A and Y is responsible for this 
dramatic increase. The total pore volume (Vp, cm3 g–1) also, 
was found to increase by deposition of zeolite material on 
clay support. The total pore volumes were found to increase 
from 0.00082 cm3 g–1 for the clay support to 0.0240 and 
0.1068 cm3 g–1 for m-LTA and m-FAU membranes respec-
tively. The average pore diameters (Dt, Å) however, were 
found to decrease by depositing zeolite Y inside the pores 
of the clay supports. The average pore diameter decreased 
from 74.4 Å for the support to 20.9 Å for m-FAU; however, 
the increase in the pore diameter was assessed in the case 
of m-LTA. An increase in the specific surface area ought to 
be faced with an increase in the pores’ volume, as the spe-
cific surface included the external surface of the material 
(exposed) as well as the surface of the pores’ walls. However, 
this was not the case as it was demonstrated from a previous 
work that mesopores contribute to the specific surface area 
more than macropores [5,6]. The channels of the zeolite must 
have a direct effect on the pores’ volume and dimeter; for 
instance, faujasite has a narrow pore channel compared to 
zeolite A which presents mesopores.

The water porosity of the support and membranes 
was measured and found to be 11.80 ± 0.24, 9.67 ± 0.19, 
10.69 ± 0.21 for the clay support, m-LTA and m-FAU mem-
branes respectively. The support was presented with high 
porosity followed by m-FAU then m-LTA, these values are 
directly linked to the capillary movement of water in the 
support and membranes pores that are opened to the out-
side. Porosity of the clay support was lower as compared 
to previously reported fired supports due to grains fusion 
at high temperatures leading to the reduction of macrop-
ores and mesopores grid which is responsible for holding 
water [31].

The isoelectronic points of both zeolite were deter-
mined from the curve of titration of zeolite A and Y rep-
resented in Fig. 5. The values of the isoelectronic points 
were pHpzcA = 11.3 and pHpzcY = 11.4 for zeolite A and Y 
suspensions respectively. In general, surface charges for 
both suspensions given in Fig. 5, were found to drop down 
with increasing the pH, similar behavior was found by Lui 
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(c) (d) 

(e) (f) 

(a) (b) 

Fig. 3. SEM micrographs of (a) x1.50 K magnification and (b) 5.00 K magnification of the porogenated activated carbon clay support; 
(c) and (d) micrographs of m-LTA at x1.50 K and 5.00 K magnification respectively; (e) and (f) micrographs of m-FAU at x1.5 K and 
x5.00 K magnification respectively.
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et al. [32] when studying zeta potential of beta zeolites as a 
function of the pH.

Prior to the filtration of metal ions through the two zeo-
lite membranes m-LTA and m-FAU, the flat disc supports 
were mounted in the pilot and flux experiments were con-
ducted as a function of time using de-ionized water. Fig. 6a 
represents the evolution of flux as a function of time for three 
membrane clay supports with three different granulometry; 
Φ < 63 µm, 63 ≤ Φ < 160 and 160 ≤ Φ < 250.

The supports experienced a significant water flux 
increase with increasing the granulometry of the clay mate-
rial used in the fabrication of the supports, initial flux of 

430.4 ± 8.61, 636.5 ± 12.73and 1,039 ± 20.78 L m–2 h–1 were 
obtained for Φ < 63 µm, 63 ≤ Φ < 160 and 160 ≤ Φ < 250 
granulometries respectively with 41% increase from Φ < 63 
granulometry to 160 ≤ Φ < 250 granulometry. This increase 
is attributed to the expansion of the nanochannels that allow 
more water molecules to flow through the membrane sup-
port at a faster rate. The flux decreases after 4 h of opera-
tion by 25.1%, 37.0% and 40.0% for the three granulometries 
respectively. The result indicates that with high granulome-
try more permeation pathways are formed in the membrane 
support. Hence the 160 ≤ Φ < 250 granulometry was used for 
the deposition of zeolite A and zeolite Y. The deposition of 
zeolite on the support leads to narrowing the pore channels 
in both membranes m-LTA and m-FAU. Such an argument is 
demonstrated in Fig. 6b which shows a decrease in the initial 
flux from 1,039 ± 20.78 L m–2 h–1 for 160 ≤ Φ < 250 granulom-
etry clay support to 462.90 ± 9.26 and 628.63 ± 12.57 for both 
membranes m-LTA and m-FAU respectively. The final flux 
was decreased by 60.00%, 79.90%, and 68.12% respectively 
for the clay support, m-LTA and m-FAU, hence showing that 
fouling follows the trend m-LTA > m-FAU > clay support. 
The m-LTA was presented with the highest fouling com-
pared to m-FAU even though m-LTA pore diameter (128.7 Å) 
was 6 times larger than m-FAU average diameter of 20.9 Å. 
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Fig. 4. Nitrogen sorption of (a) clay powder used for the fabrication of the clay supports, (b) membrane supports made from 
160 ≤ Φ < 250 granulometry clay and 3% activated carbon, (c) m-LTA membrane, and (d) m-FAU membrane.

Table 1
Structural parameters derived from the isotherms of N2 adsorp-
tion of clay support, m-LTA and m-FAU membranes

SBET (m2 g–1) Vp (cm3 g–1) Dt (Å)

Clay Powder 71.2 0.1151 69.6
160 ≤ Φ ≤ 250 support 0.393 0.00082 74.4
m-LTA 6.3 0.0240 128.7
m-FAU 558.8 0.1068 20.9
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This could be attributed to the fact that faujasite has narrow 
pore channels compared to the mesopores zeolite A. The 
separation performance of the 160 ≤ Φ < 250 granulometry 
clay support and m-LTA and m-FAU composite membranes 
for typical heavy metal chloride salts aqueous solutions was 
investigated separately with a concentration of 10–4 mol L–1 
and under pressure of 0.5 bar. Figs. 7a–c show the flux of 
support, m-LTA and m-FAU membranes of the four heavy 
metals salts solutions. The heavy metals solutions initial flux 
were found to drop by 6.97%, 16.48%, 24.26%, and 30.67%; 
45.90%, 60.71%, 74.18%, 80.05% and 19.43%, 33.55%, 51.90%, 
57.69% for Pb2+, Co2+, Cd2+ and Zn2+ when compared with 
initial water flux on the clay support, m-LTA and m-FAU 
respectively. Showing that m-LTA was presented by the 
highest fouling of heavy metals. Percent of rejection of the 
support and the two membranes m-LTA and m-FAU are pre-
sented in Figs. 7d–f, the rejection of different salts were found 
to be in the order of PbCl2 > CoCl2 > CdCl2 > ZnCl2, their 

corresponding values after 3.5 h operation were (99.22%, 
97.91%, 79.83% and 71.56%); (98.96%, 97.92%, 93.95% and 
92.68%) and (99.30%, 98.93%, 95.15% and 94.08%) for clay 
support, m-LTA and m-FAU respectively. Rejection of Pb2+ 
and Co2+ was almost similar for the clay supports and the two 
zeolite membranes with rejection percentages of more than 
98%. However, rejection of Cd2+ and Zn2+ on the support was 
lower than rejection on zeolite membranes with the highest 
rejection presented by m-FAU for both metals. Rejection of 
metal cations is dominated by the hydrated ionic size of 
cations, except cobalt. The metal-oxygen distance (M–O) 
in Å and configuration of hydrated metal cations used are 
(2.54, Pb(H2O)6

2+)); (2.08, Co(H2O)6
2+ and 1.87 for Co(H2O)6

3+); 
(2.3, Cd(H2O)6

2+); (2.08, Zn(H2O)6
2+) [33]. The cobalt exception 

could find an explanation in the fact that the membrane 
charge played an important role among other factors in the 
rejection behavior of the clay support. At a particular pH 
of the feed solution, the membrane charge is greatly influ-
enced [34]. The rejection of heavy metal cations on zeolite 
Y was found to be slightly higher than zeolite A. The rejec-
tion mechanism of both membranes (m-LTA and m-FAU) is 
beyond sieving which relies on the size of the hydrated metal 
ions, rejection could be governed by repulsion between the 
charged ion and the membrane charged surface [35]. This is 
true for both membranes as the metallic feed solutions are 
acidic (pH < pHpzcA = 11.31 and pHpzcY = 11.41), and the two 
membranes would develop positive charges on their sur-
faces which repulse the divalent cations. Similar results were 
found by Gherasim and Mikulášek [36,37] when studying 
the removal of Pb2+ from aqueous solution on a commercial 
nanofiltration membrane (AFC 80). It was found that the 
charge on the surface of the membrane was pH dependent 
and Pb2+ rejection was partially dependent on mutual repul-
sion between the membrane and Pb2+. Zeolites are known 
also, to have a higher cation exchange capacity (CEC), 
hence they are widely used as a cation exchanger. The order 
of rejection of both zeolites was found to follow the same 
behavior of zeolite exchanger (Pb2+ > Cd2+ > Zn2+), this order 
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was explained based on the Si/Al ratio in the zeolite, high 
Sil/Al ratio results in low anionic field which give rise to 
high selectivity for cations with lower charges [38]. Also, to 
size exclusion and mutual repulsion removal mechanisms, 
cations may have been adsorbed by the membrane surface. 
Bouranene et al [39] found while studying the rejection of 
cobalt and lead on a polyamide nanofiltration membrane, 
that the divalent cation was not only found to be adsorbed on 
the surface of the membrane but also modifying its charge.

The percent rejections of the divalent cations studied on 
both membranes were comparable to heavy metal cations 
rejection by various nanofiltration membranes reported in 
Table 2. However, our prepared membranes perform bet-
ter than ultrafiltration membranes, which demonstrated 
very poor metal rejection mainly due to their large pore size 
between 0.01 and 100 μm. [14].

4. Conclusion

Preparation of clay zeolite composite membranes on 
3% activated carbon porogenated support from a widely 
available clay material was successfully achieved with the 
hydrothermal methodology. The crystal phases of the zeo-
lites A and Y were identified using XRD and SEM. The pores’ 
structures of the supports and the composite membranes 
were characterized using nitrogen adsorption and BJH algo-
rithm while specific surface area by using the BET method. 
Flux studies of the membrane support helped in choosing 

the convenient support for zeolite deposition. Pore size was 
directly influenced by the granulometry of the clay start-
ing material used for the fabrication of the clay supports. 
Undeniably the 160 ≤ Φ < 250 granulometry presented wide 
pores which were more convenient to zeolite deposition 
showing that more permeation pathways were formed in 
the membrane support. Rejections of more than 90% were 
obtained for all heavy metal pollutants filtered on both zeo-
lite membranes. The membranes were very permeable to 
ZnCl2 and very selective to PbCl2. The mechanism by which 
the two membranes function was found to be dominated by 
the hydrated cation size however other mechanisms such as 
the charge repulsion between the cation and isoelectronic 
point of the membrane or the cationic exchange capacity 
of the zeolite could be used to explain the behavior of the 
membrane during the separation of CoCl2.
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