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a b s t r a c t
This work presents the development of a composite ultrafiltration membrane based on poly 
(o-phenylenediamine) and poly(vinyl alcohol) on flat ceramic support made from pozzolan and 
micronized phosphate. The active layer was coated on the ceramic support using the dip-coating 
technique. The developed membrane was characterized by Fourier-transform infrared spectroscopy, 
water contact angle, permeability, scanning electron microscopy, energy-dispersive X-ray analysis, 
pore size, as well as filtration performance. The ultrafiltration membrane has a pore diameter of 
45 nm, a water permeability of 37.28 L/h m2 bar and a water contact angle of 50°. Finally, the perfor-
mance of the composite membrane was assessed by the filtration of Congo red dye by varying the 
operating conditions including the applied pressure (1–3 bar), the feed concentration (20–600 ppm) 
as well as the feed pH (4–10). The membrane is highly effective for removal of soluble Congo red 
dye: the rejection was 99.79% under a pressure of 3 bar, a concentration of 600 ppm and a pH of 4.

Keywords:  Composite membrane; Poly(o-phenylenediamine); Poly(vinyl alcohol); Pozzolan/
micronized phosphate; Ultrafiltration; Congo red dye

1. Introduction

Currently, water scarcity is fast becoming a global emer-
gency as consumable water resources are limited while both 
population and water needs are growing. Furthermore, 
water pollution exacerbates this growing water shortage 
[1]. The increased demand for antiseptic water and water 
treatment therefore requires research, application and 
continuous improvement of water treatment processes [2]. 
The textile industry adds beauty to clothes and home fur-
nishings, but uses dyes that are among the many pollutants 
in water [3]. Textile wastewater treatment is a challenge 

due to its high pH, high temperature, high chemical oxy-
gen demand as well as the low biodegradability of many 
dyes. The wastewater contains high concentrations of azo 
dyes and inorganic salts which can affect human health 
and the environment [4], and therefore must be treated 
before being reintroduced to natural bodies of water.

Synthetic dyes are largely non-degradable [5], due to 
their stable and complex chemical components [6]. Research 
to date includes the use of different water treatment tech-
niques such as coagulation [7], flocculation [8], adsorption 
[9], precipitation [10] and oxidation [11]. Nonetheless, most 
of the methods mentioned above struggle to completely 
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remove residual dyes and salts [4]. Hence, membrane tech-
nology involving microfiltration [12], ultrafiltration (UF) 
[13], nanofiltration [14] and reverse osmosis [15] has gained 
attention due to its cost-effectiveness, simplicity, high sep-
aration efficiency, accessible operating conditions, and 
environmental compatibility [16].

Currently, UF is a well-recognized membrane process 
[2], established as the most cost-effective and sustainable 
wastewater technology [17]. As a result, it attracts grow-
ing interest for dye removal [18]. Currently, UF membranes 
are widely used in different industries and fields including 
chemical, pharmaceutical, food, petroleum, metallurgy, biol-
ogy, environmental remediation and water treatment [19].

Commercially available polymers for UF membranes 
include polysulfone [20], cellulose acetate [21], polyethersul-
fone [22] and polyacrylonitrile [23]. However, the chemical 
resistance and anti-fouling properties of these polymeric 
membranes reduce the permeation flux, influence the 
efficiency and shorten the life of the membranes [24].

Recently, ceramic membranes have attracted significant 
research interest because of their good mechanical and chem-
ical stabilities [25,26]. For instance, ceramic membranes made 
from industrial metal oxides such as titania, zirconia, silica 
and alumina are highly robust but are also quite expensive 
[27]. For this reason, using low-cost alternative materials 
stimulated much interest [28]. Among these materials, ben-
tonite, perlite and phosphate are successfully employed in 
the preparation of low-cost ceramic membranes [28–29].

Thus, the current work investigates Congo red (CR) 
removal using a new UF composite membrane (CM) made 
of a mixture of poly(o-phenylenediamine) (PoPD) and 
poly(vinyl alcohol) (PVA) that was deposited on a flat 
ceramic support made from pozzolan incorporated with 
micronized phosphate (Pz-MP). The PoPD was widely used 
in many applications such as removal and photodegrada-
tion of inorganic and organic pollutants dissolved in water 
[30]. Furthermore, PoPD is one of the aniline derivatives 
which has gained increased attention owing to its stability 
and is widely used for removal of Pb(II), Hg(II) and Cr(VI) 
[31–33]. One of the main reasons for using PVA is the fact 
that it can potentially minimize fouling rates due to its 
oleophobic nature [34]. Besides, it has good cohesion, bio-
compatibility, hydrophilicity as well as biodegradability. 
PVA will allow the preparation of a chemically, thermally 
and mechanically resistant membrane with a thin homo-
geneous layer. In addition, the dense network structure 
of the PVA will embed and constrain PoPD into the net-
work. The aim of this work is to combine the properties 
of both PoPD and PVA to obtain a selective layer that will 
be used in ultrafiltration application.

Pozzolan and micronized phosphate were selected as 
raw materials for the preparation of the ceramic support 
due to the interesting attributes of this support as mentioned 
in our previous study [28].

Several characterizations were used in order to evaluate 
the morphology, hydrophobicity, and filtration efficiency 
of the CM. Techniques included Fourier-transform infrared 
spectroscopy (FTIR), scanning electron microscopy (SEM), 
energy-dispersive X-ray analysis (EDX), pore size and water 
contact angle measurements (WCA). Also, the membrane 
performance for filtration of CR dye was evaluated using 

tangential filtration. The effects of the operating pressure, 
the feed concentration and the feed pH on permeation and 
rejection of CR dye using the PoPD-PVA/Pz-MP UF mem-
brane were investigated in detail. Finally, the anti-fouling 
properties of the developed membrane were also evaluated.

2. Experimental

2.1. Materials

Flat ceramic support (Pz/MP) elaborated as previously 
mentioned was used for deposition of the selective PoPD/
PVA layer [28].

The monomer o-phenylenediamine (oPD) and the 
ammonium persulfate (APS, 98%) were purchased from 
Sigma-Aldrich and Loba Chemie, respectively. The PVA 
(RHODOVIOL 25/140) was obtained from Prolabo. The 
hydrochloric acid (HCl, 37%) was purchased from VWR 
Chemicals. CR dye (35%) was obtained from Sigma-Aldrich. 
More information and properties of CR dye are presented 
in Table 1.

2.2. Chemical polymerization of the oPD

PoPD was synthesized by chemical polymerization. 
The oxidant APS was dissolved in HCl (0.5 M) and added 
dropwise to the oPD monomer under continuous stirring. 
Next, to assure complete polymerization, the solution was 
stirred for an additional 6 h. Then, the suspended solid 
(PoPD) was recovered by filtration, washed with distilled 
water and dried in an oven at 60°C overnight [35].

2.3. Preparation of the PoPD-PVA/Pz-MP membrane

The preparation process of the membrane is as fol-
lows: First, the flat Pz/MP ceramic support was cleaned 
with water via ultrasound irradiation for 20 min to remove 
residual particles and then dried overnight at 100°C. Then, 
the PoPD powder was added to a prepared PVA solution 
(10 wt.% of PVA in water). The mixture was stirred until 
the solution was homogeneous. The resulting mass ratio 
of PoPD/PVA is 0.47 [35,36]. Finally, the resulting solution 
was dip-coated onto the ceramic support under atmo-
spheric conditions, left for 1 h and dried for 24 h at 60°C 
[35,36]. The obtained PoPD-PVA/Pz-MP membrane was 
then thoroughly characterized and evaluated as described 
in subsequent sections.

2.4. UF experiments

UF experiments were performed using a stainless-steel 
laboratory pilot system. It contains a storage tank of 5 L 
supplied by a circulation pump where the pressure is pro-
vided by an air compressor. This operating pressure crosses 
a membrane surface of 4.52 cm2 and is controlled by a 
pressure regulator. It should be noted that during the UF 
tests, the feed solution was maintained at room tempera-
ture by means of a cooling system. The schematic UF system 
is depicted in Fig. 1.

At different operating pressures varied from 1 to 3 bar, 
the water permeability of the developed membrane was 
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measured. Permeate flux Jw (L/h m2) and the permeability Lp 
(L/h m2 bar) through the membrane are expressed by Eqs. (1) 
and (2), respectively.

J V
A tw =

⋅
 (1)

L
J
Pp
w=

∆
 (2)

where V (L) is total permeate collected crosses the mem-
brane surface, A (m2) during interval time t (h) and ΔP 
is the applied pressure (bar).

The separation performance of PoPD-PVA/Pz-MP mem-
brane toward CR dye was tested on different operating 
pressures ranging from 1 to 3 bar, different feed con-
centrations of CR dye (20–600 ppm) and at varying pH 
(4–10). The feed pH was adjusted by adding drops of HCl 
(2 M) and NaOH (2 M) solutions. The permeate was col-
lected to determine the dye removal factor by membrane 
filtration. Eq. (3) is used to calculate the rejection R (%) of 
CR dye solution by the PoPD-PVA/Pz-MP membrane:

R
C
C

= −








 ×1 100permeate

feed

 (3)

where Cpermeate and Cfeed are respectively the concentration 
of the permeate and the feed (ppm).

2.5. Antifouling study

In order to study the antifouling properties, the initial 
water permeate flux (Jw0, L/h m2) through the UF membrane 
was measured at an operating pressure of 3 bar over 2 h of 
filtration. Under the same operational conditions, the flux 
(Jp, L/h m2) was measured at CR concentration of 600 ppm.

After rinsing the membrane with distilled water 
for 60 min using the UF pilot, the water permeate flux 
(Jw1, L/h m2) was measured again.

PoPD-PVA/Pz-MP membrane fouling resistance was 
estimated by the flux recovery ratio (FRR) using Eq. (4) [2]:

FRR = ×
J
J
w

w

1

0

100  (4)

Overall, fouling achievement was examined by total flux 
decline ratio (TFR) and reversible flux decline ratio (RFR) 
using Eqs. (5) and (6), respectively [37]:

TFR = −








 ×1 100

0

J
J
p

w

 (5)

RFR =
−

×
J J
J

w p

w

1

0

100  (6)

The irreversible flux decline ratio (IFR) of the developed 
membrane was computed using Eq. (7) [34]:Ta
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IFR = ×
−J J
J

w w

w

0 1

0

100  (7)

2.6. Membrane characterization

FTIR spectra of the PoPD, PVA and the PoPD/PVA mem-
brane layer (peeled off the ceramic support) were conducted 
on a Bruker Spectrometer (VERTEX 70). The WCA for the 
Pz/MP support and the PoPD-PVA/Pz-MP membrane was 
measured using a Digidrop Goniometer (GBX-Instruments). 
An SEM operating at 10 kV (FEI Company, Quanta 200) was 
used for membrane morphology observations of the sur-
faces of both the Pz/MP support and the PoPD-PVA/Pz-MP 
membrane as well as the cross section of the membrane. 
The elemental composition of the developed membrane 
was determined using the EDX detector on the SEM.

The average pore size was calculated using the 
extended Hagen–Poiseuille equation [Eq. (8)] [28]:

d J X
Pw= ⋅ ⋅ ⋅2 8 δ

τ
ε

∆
∆

 (8)

where d (m) is the pore diameter, Jw (m/s) is the water flux, 
δ (Pa·s) is the water viscosity, τ is the tortuosity factor (2.5 
for sphere particle packing), ε (%) is the porosity of the 

membrane, ΔP (Pa) is the applied pressure, and ΔX (m) 
is the membrane thickness.

The pH of the solution was measured using a pH 
meter (METTLER TOLEDO SevenCompact pH/Ion). The 
concentration of CR dye before and after filtration was 
measured by a UV-Vis Spectrophotometry (JASCO V-730 
Spectrophotometer) at a maximum absorbance wave-
length of 499 nm using quartz cells. The determination of 
point of zero charge (PZC) of PoPD-PVA/Pz-MP mem-
brane was carried out by the solid addition method as 
described elsewhere [38].

3. Results and discussion

3.1. Characterization of the PoPD-PVA/Pz-MP membrane

3.1.1. FTIR analysis

The FTIR spectra of the PVA, PoPD, and PoPD/PVA layer 
are shown in Fig. 2. Starting with PVA, the highest band 
intensity in the region of 3,280 cm–1 is associated with the 
O–H stretching vibration of the hydroxy group [39,40]. The 
peak at 2,917 cm–1 is attributed to CH2 asymmetric stretching 
vibration [40], while the very small peak at 1,718 cm–1 is due 
to the C=O vibration [41]. The peak at 1,425 cm–1 is linked 
to C–H bending vibration of CH2 [40] whereas the peak at 
1,324 cm–1 is attributed to C–H deformation vibration [39]. 
The peak at 1,081 cm–1 corresponds to C–O stretching of 

Fig. 1. Scheme of UF pilot system.
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acetyl groups [40] while the peak at 916 cm–1 is due to CH2 
rocking [40]. The last peak at 839 cm–1 is assigned to C–C 
stretching [39].

For the PoPD, peaks at 1,629 and 1,525 cm–1 are associ-
ated with the stretching vibrations of C=C and C=N group 
in the phenazine ring [42–44]. The peaks at 1,344 and 
1,215 cm–1 are associated with C–N–C stretching in the ben-
zenoid and quinoid imine units [33,42,44], while the band at 
1,127 cm–1 can be related to the C–N–C stretching bond [45]. 
The presence of the bands appearing at 758 and 586 cm–1 are 
characteristic of the C–H out-of-plane bending vibrations 
of benzene nuclei in the phenazine skeleton [43].

In the spectrum corresponding to the PoPD/PVA 
membrane layer, there are some peaks that correspond to 
the PoPD which are the peaks located at 1,525; 1,215; 758 
and 586 cm–1. There is also a peak that correspond to the 
PVA which is the peak located at 839 cm–1.

Furthermore, the spectrum contains two peaks that are 
shifted towards longer wavenumber. The first peak corre-
sponds to the PVA and was located at 1,425 cm–1, is linked 
to C–H bending vibration. The second peak that was at 
1,344 cm–1 corresponds to the PoPD and is associated 
with C–N–C stretching in the benzenoid imine units.

3.1.2. Water contact angle measurement

In order to study the surface hydrophilicity of the 
Pz/MP support as well as the PoPD-PVA/Pz-MP mem-
brane, the WCA was measured. The obtained values are 
presented in Fig. 3. As observed, WCA of the ceramic sup-
port and the developed membrane is measured to be 21° 
and 50°, respectively. The lower value obtained of the sup-
port means that its surface has a higher hydrophilic char-
acter which is highly due to the porous morphology of the 
Pz/MP support. Compared to the bare support, the WCA 
of the PoPD-PVA/Pz-MP membrane increases to 50°, mean-
ing that the membrane surface becomes less hydrophilic. 

This variation in WCA is due to the use of a hydrophobic 
component which is PVA in the membrane layer.

3.1.3. Permeability

Fig. 4 depicts the permeate flux (of water) as a func-
tion of the operating pressure of the PoPD-PVA/Pz-MP 
membrane. As expected, the water permeate flux increases 
linearly with an increase of applied pressure and follows 
Darcy’s law. The slope in this figure gives a permeability 
value equal to 37.28 L/h m2 bar.

3.1.4. SEM observation

The SEM images of the top-views for both the Pz/
MP support and the PoPD-PVA/Pz-MP membrane, as 
well as the cross section of the CM are depicted in Fig. 5. 
The Pz/MP support surface is highly porous and crack 

Fig. 2. FTIR spectra of PVA, PoPD and PoPD/PVA membrane layer.

Fig. 3. WCA of Pz/MP support and PoPD-PVA/Pz-MP 
membrane.



D. Beqqour et al. / Desalination and Water Treatment 257 (2022) 23–3328

free (Fig. 5a). Fig. 5b shows the deposition of PoPD and 
PVA onto the surface of the membrane. The developed 
membrane has a homogenous surface with a spherical 
morphology due to the PoPD particles [31]. Fig. 5c shows 
the cross-section of the PoPD-PVA/Pz-MP membrane 
revealing a rather uniform layer deposition of 72.85 µm 
in thickness (determined from the average of measured 

values) on the Pz/MP support. Two measurements are 
shown in green: the full polymer layer thickness of 73.06 µm 
and then the sum of the dense (PVA) and less dense (PoPD) 
portions of the polymer layer (41.09 + 31.56 = 72.65 µm).

3.1.5. EDX analysis

Fig. 6 depicts the EDX spectrum of the PoPD-PVA/
Pz-MP membrane, which quantitatively detects the constit-
uent elements. The PoPD is a compound composed of C 
and N, and the PVA contains C and O. The spectrum shows 
carbon (C), oxygen (O) and nitrogen (N) peaks with weight 
percent of 52.06, 25.41 and 20.27 wt.%, respectively. Some O 
might also be detected from the ceramic support. The other 
peaks detected in the EDX spectrum including sulfur (S) 
and chlorine (Cl) are attributed to the chemical composition 
of the Pz/MP support. The expected elemental composi-
tions are found in the EDX spectrum and confirm that the 
PoPD and PVA are deposited on the ceramic support.

3.1.6. Pore size

The pore size of the PoPD-PVA/Pz-MP membrane was 
calculated and found to be 45 nm. This means that the 
developed membrane could be used for UF applications 
such as removal of organic soluble dyes.

Fig. 4. Permeate flux as a function of operating pressure of 
the PoPD-PVA/Pz-MP membrane.

Fig. 5. SEM micrographs of (a) the top-view of the Pz/MP support, (b) the PoPD-PVA/Pz-MP membrane and (c) the cross- 
section of the CM.
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3.2. UF experiments

In order to assess the applicability of PoPD-PVA/
Pz-MP membrane in the separation of CR dye, its filtra-
tion behavior was investigated. This study is conducted to 
examine the effects of different parameters on the mem-
brane performance involving the operating pressure, 
the feed concentration and the feed pH.

3.2.1. Effect of operating pressure

The permeate flux values and percentage of CR dye 
rejection as a function of operating pressure are displayed 
in Fig. 7. During 2 h of filtration, the effect of applied pres-
sure (1–3 bar) on dye rejection was assessed at a fixed 
concentration of 20 ppm and a feed pH around 6.72 which is 
approximately the pHPZC determined experimentally of the 
membrane (pHPZC = 6.72).

The permeate flux increased slightly with the increase 
of operating pressures (Fig. 7a), ranging from as low 
as 20 L/h m² at 1 bar up to 35.62 L/h m2 at 3 bar. Overall, 
higher operating pressures gave an increase in permeate 
flux. Knowing that the filtration through a membrane is a 
pressure-driven physical process, this increase in flux can 
be explained by an increase in driving force [46]. Besides, 
the permeate flux is less than water permeate flux. This 
reduction in permeate flux might be due to membrane 
fouling if the dye particles were adsorbed on the active 
surface of the PoPD-PVA/Pz-MP membrane or settled into 
pores [47]. Furthermore, the CR rejection (Fig. 7b) was 
nearly constant even at higher operating pressure (the 
rejection is 97.01% at 1 bar and 97.75% at 3 bar), meaning 
that the effect of applied pressure on the rejection appears 
negligible, which implies that the dye elimination is 
mainly due to electrostatic interactions [48]. Based on the 
higher permeate flux and the similar percentage of dye 

rejection, the operating pressure of 3 bar is considered as 
the optimal applied pressure for CR filtration.

3.2.2. Effect of feed concentration

The filtration performance of PoPD-PVA/Pz-MP mem-
brane on the permeate flux and rejection, was assessed at 
different concentrations (20–600 ppm) of CR dye (Fig. 8),  
under a constant operating pressure of 3 bar and a pH 
value around 6.72. As anticipated, the permeate flux 
dropped with increasing concentrations of CR dye which 
raises the membrane fouling [49]. It is clearly seen from 
Fig. 8a that the permeate flux decreases from 35.62 to 
12.39 L/h m2 while increasing the CR concentration. This 
can be ascribed to the adsorption of the dye on the mem-
brane surface [29], or incorporation into the pores resulting 
in a decrease of the permeate flux. It can also be due to the 
increase in concentration polarization [49].

As indicated in Fig. 8b, over 2 h of filtration, CR dye 
removal of 97.75% and 98.66% was achieved at feed con-
centrations of 20 and 600 ppm, respectively. The rejection 
remained high and relatively constant over this range of dye 
concentration [46,49]. The rejected dye likely accumulated 
on the surface, forming a polarization layer that can be con-
sidered as an additional contribution to CR dye filtration 
[29]. Whereas diffusion is the dominant mode of transport 
within this polarization layer [50], electrostatic repulsion 
may be responsible for the increase in dye rejection rate as 
each CR dye molecule has two negatively charged sulfon-
ate groups. In addition, the rejection of the dye is enhanced 
by electrostatic repulsion effects due to the formation 
of clusters of CR dye with multiple charges [51,52].

3.2.3. Effect of feed pH

Solution pH could affect the permeate flux as well as 
the rejection rate, which in turn influences the membrane 

Fig. 6. EDX spectrum of PoPD-PVA/Pz-MP membrane.
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performance towards dye filtration. In order to identify 
the optimum pH value, the UF experiments were inves-
tigated under an operating pressure of 3 bar, a fixed feed 
concentration of 600 ppm with a pH range of 4–10 during 
2 h of filtration. Fig. 9 depicts the pH impact on permeate 
flux and the removal of CR dye. Fig. 9a shows the effect 
of feed pH on membrane permeate flux and indicates that 
it increases from 9.62 to 12.48 L/h m2 as pH becomes more 
acidic. However, CR dye removal of 99.79% was achieved 
at pH 4 but only 86.17% at pH 10, as depicted in Fig. 9b. 
The low permeation flux and high retention under acidic 
conditions can be linked to the sulfonated acid groups of 
CR. Due to dye protonation, these groups are responsible 
for the decrease in the polarity and dye solubility leading 
to CR dye aggregation and precipitation, with concurrent 
membrane fouling [4]. Besides, under the same conditions, 
the CR dye rejection increases significantly owing to the 
phenomenon of polarization.

The PoPD-PVA/Pz-MP membrane has a positive charge 
below the point of zero charge at a pH of 6.72 (pHpzc) 
and therefore interacts with anionic dyes. The negatively 
charged ions of the CR dye are attracted by the membrane 
surface due to the electrostatic attractions. This results in 
the formation of a polarization layer [46]. Note that, as 

both CR molecules and the surface layer of these particles 
are negative, the attraction between them provides repul-
sion. At basic conditions, the permeate flux goes up and 
CR rejection declines. The plausible explanation for these 
observations is weakened electrostatic attractions between 
dye molecules and the PoPD-PVA/Pz-MP membrane sur-
face [46]. Therefore, pH of 4 was deemed to be the optimum 
pH for CR removal using the PoPD-PVA/Pz-MP membrane 
in this study.

3.3. Antifouling study

The antifouling performance is an essential criterion to 
examine the PoPD-PVA/Pz-MP membrane effectiveness. 
This study measured different antifouling properties (FRR, 
TFR, RFR and IFR) of the UF membrane. Water permeate 
and CR solution flux as well as the antifouling indexes of 
PoPD-PVA/Pz-MP membrane were investigated and are 
shown in Fig. 10. Fig. 10a shows that, compared to water 
flux (time = 1–120 min), filtration resulted in a significant 
decrease of flux (time = 140–240 min) and then, after clean-
ing, resulted in partial recovery of the flux (time = 260–
360 min). This decrease is due to the polarization layer 
formed with blocked pores as well as the adsorption of the 

Fig. 7. CR permeate flux (a) and rejection (b) as a function of operating pressure at C = 20 ppm and pH = 6 for 2 h of filtration.

Fig. 8. CR permeate flux (a) and rejection (b) as a function of feed concentration at ΔP = 3 bar and pH = 6 for 2 h of filtration.
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CR dye on the surface of the membrane. After the physical 
cleaning, the permeate flux recovered significantly.

As depicted in Fig. 10b, the permeate flux of the devel-
oped membrane recovers to 61.22% (FRR = 61.22%) of 
the initial flux. The obtained value for TFR is 88.48%. This 
rate indicates that molecules in the feed accumulated and 
adsorbed onto the surface of the UF membrane, leading to 
fouling. In addition, the RFR reaches a value of 49.71%, show-
ing that removal of the adsorbed particles from the mem-
brane surface can be achieved by simple hydraulic washings. 
However, the irreversible fouling can be calculated by the 
IFR is about 38.77%. Recovery of this amount of flux can be 
achieved only by chemical cleaning since it likely involves 
pore blockage [53]. From these findings, the attractive anti-
fouling parameters attest to the efficiency of the developed 
membrane and its potential for real-scale application.

4. Conclusion

This study shows that a composite membrane was effec-
tively prepared from PoPD and PVA on ceramic support 
and effectively removed CR dye from water. The polymers 
were coated on the Pz/MP support using the dip-coating 
technique. FTIR confirmed the formation of PoPD and the 

co-deposited membrane selective layer (PoPD/PVA). SEM 
images showed that the morphology of the CM is uniform 
and does not exhibit any defects and has good adherence 
on the support. Furthermore, the developed membrane 
has an average pore size of 45 nm, water permeability of 
37.28 L/h m2 bar and WCA value of 50°. The optimized 
conditions for CR dye removal in terms of operating pres-
sure, feed concentration and feed pH were determined. 
The rejection of UF membrane reached 99.79% at 600 ppm 
in acidic medium (pH = 4) under an operating pressure 
of 3 bar. Moreover, the developed UF membrane presents 
attractive antifouling characteristics. Finally, the obtained 
findings suggest that the developed UF membrane in this 
work might be effective to remove soluble, anionic dyes 
from industrial wastewater.
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