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AbstractChitosan functionalized (CoFe2O4-CuO) composite nanoparticles were synthesized and then used in fabri-
cation of PES-based nanofiltration membranes. X-ray diffraction, Fourier transform infrared spectroscopy and scan-
ning electron microscopy were used for the characterization of synthesized nanoparticles. The fabricated membranes
were also characterized by scanning electron microscopy, 3D surface images, water contact angle, membrane porosity,
pure water flux, salt rejection and fouling resistance consideration. Obtained results revealed that water contact angle
was reduced significantly from 65o for the neat membrane to 36o for M5 with 1.0 wt% composite nanoparticles. All
modified membranes also showed higher water flux and salt rejection than virgin PES membrane. The highest pure
water flux measured 45.2 L/m2h and the highest salt rejection measured 88% for the modified membranes containing
of composite nanoparticles. The modified membranes showed outstanding antifouling ability. The flux recovery ratio
enhanced from 40% for pristine membrane to 93% for the modified ones with 0.5 wt% of Cs-functionalized (CoFe2O4/
CuO) composite nanoparticles.
Keywords: Nanofiltration, Mixed Matrix Membrane, Chitosan-functionalized [CoFe2O4/CuO] Nanoparticles, Synergetic

Effect, Separation/Antifouling Property

INTRODUCTION

Nanofiltration (NF) membranes are applied widely for water treat-
ment due to their compact design, simplicity of operation, low con-
sumption of energy and lack of phase change [1]. High separation
efficiency is another major reason for broad application of NF-mem-
brane [2,3]. However, producing NF membranes with special adapted
characteristics such as high flux and rejection, good mechanical
and chemical stability as well as suitable antifouling activity is a
vital step in future membrane-based wastewater treatment applica-
tion. The fouling phenomenon occurs as the result of undesirable
adsorption and the foulant sedimentation on the surface or into
the pores of membrane that leads to decrease of flux [4]. The phys-
ico-chemical characteristics of membrane, such as hydrophilicity
and roughness, as well as the nature of the feed solution and oper-
ating conditions, are important parameters that affect membrane
fouling [5]. Various strategies, such as the choice of a suitable mate-
rial for membrane construction [6], pretreatment of feed [7], opti-
mization of the operating conditions [8] and the backwashing and
back-pulsing methods [9] have been used to reduce the fouling phe-
nomenon. Notably, the earlier reported studies reveal that tailoring
the surface characteristics of NF-membranes, such as improvement
of surface hydrophilicity and decrease of surface roughness, can pro-
mote the antifouling activity of them since most of the foulants are
in nature hydrophobic [10]. For the purpose, several approaches
have been adopted to producing highly efficient NF membranes
including photo-grafting of hydrophilic monomers, chemical modifi-

cation, plasma treatment, as well as the employment of various
filler additives such as nanomaterials [11-15]. Introducing nanopar-
ticles as one of the most desirable, helpful and effective method
has attracted much attention [16,17]. Application of inorganic nano-
materials into the polymeric membranes has been examined in
numerous applications to improve their physico-chemical and sep-
aration properties, antifouling ability and stability due to the syner-
gistic effect resulting from combining of components [13,18-21].
Meanwhile, composite metal oxides such as spinal ferrites are favor-
able nanoparticles that have been widely implemented in water
purification during the last decades. Cobalt ferrite (CoFe2O4) as a
magnetic nanoparticle with excellent adsorption properties, high
surface area and chemical stability was investigated in a wide range
of applications from drug delivery to water treatment. Also, the ear-
lier researches proposed effective procedures to producing out-
standing magnetic based nanomaterials by the combination of other
nanomaterials and ferrites ones. Zangeneh et al. [22] prepared
nanocomposite PES-based NF membranes by incorporation of
[boron doped-TiO2-SiO2/CoFe2O4] nano photocatalyst. The high-
est flux and flux recovery ratio was observed by introducing 0.5
wt% of (B-TiO2-SiO2/CoFe2O4) nanoparticles. In another study,
Zhang et al. [23] constructed [activated carbon/CuFe2O4] compos-
ite nanoparticles for catalytic regeneration and removal of Acid
orange. Also, prepared (MnFe2O4/activated carbon) nanoparticles
were used for tetracycline removal from water [24].

Preparing a novel mixed matrix PES-[chitosan functionalized-
(CoFe2O4/CuO) composite nanoparticles] membrane with enhanced
separation and antifouling characteristics for the application in
nanofiltration process related to wastewater treatment was the pri-
mary target of the current study. No research was found in the lit-
erature survey for fabrication of polyethersulfone-based mixed matrix
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nanofiltration membrane by incorporating [chitosan functional-
ized-(CoFe2O4/CuO)] composite nanoparticles, and the literature
is silent on separation characteristic and antifouling ability of (PES/
Cs-(CoFe2O4/CuO)) nanocomposite membrane.

Chitosan is a bio-compatible, low toxic and hydrophilic polymer
with abundant amino and hydroxyl groups that has been used
widely in membrane fabrication, coating materials as well as adsor-
bents due to its high ability for adsorption of different types of
macromolecules, salts and dyes [25-27]. Many studies reported appli-
cation of chitosan containing membranes for contaminant removal
from water by adsorption mechanism [28-30]. Several studies also
have considered the construction and modification of nanoparti-
cles by chitosan for the application in polymeric membranes with
the aim of promoting separation performance and anti-fouling abil-
ity in pollutant removal from aqueous solutions [31-34].

In the current study, mixed matrix (Cs-(CoFe2O4/CuO)) nanofil-
tration membrane was fabricated by solution casting method through
phase inversion technique. The effect of (Cs-(CoFe2O4/CuO)) com-
posite nanoparticle content ratio in the membrane matrix on phys-
ico-chemical properties, separation characteristics and antifouling
activity of them was studied. The composite nanoparticles were
synthesized by chemical precipitation technique and characterized
by FTIR, XRD and FESEM. The SEM, 3D surface image, water con-
tact angle, membrane mean pore size and porosity, water flux, salt
rejection and antifouling activity measurements were carried out
in membranes characterization.

EXPERIMENTAL

1. Materials
Polyethersulfone (PES) supplied from BASF New Jersey, USA

(Ultrason E6020P, Mw: 58,000). N, N-Dimethylacetamide (DMAC,
Mw: 87.12, 0.94 g/cm3) and polyvinylpyrrolidone (PVP, 25,000 g/
mol) from Merck Inc., Germany, were used as solvent and pore
former. Co(NO3)2·6H2O, Fe(NO3)3·9H2O, Cu(NO3)2·3H2O and
NaOH were supplied from Merck Inc., Germany. Acetic acid and
glutaraldehyde were also purchased from Sigma Aldrich Company,
USA. Chitosan (CS, 100,000-300,000 g/mol, 90% deacetylated,
ACROS Inc., USA) was also used. All other chemicals were sup-
plied by Merck, Inc., Germany. Distilled water was used during
the experiment.
2. Synthesis of Cs-(CoFe2O4/CuO) Composite Nanoparticles

The CoFe2O4 nanoparticles were synthesized by chemical pre-
cipitation technique. Briefly, Fe(NO3)3·9H2O and Co(NO3)2·6H2O
with stoichiometric ratio of 1 : 2 (Co : Fe) were dissolved in deion-
ized water with for 2 h at 60 oC. Afterwards, NaOH aqueous solu-

tion was added to the mixture drop by drop to keep the pH of
solution more than 10. Then, the solution was centrifuged and
washed with distillate water and ethanol. The precipitate particles
were dried for 8h at 90 oC. Finally, the obtained particles were placed
in a furnace at 600 oC for 3 h. For the preparation of (CoFe2O4/
CuO) nanoparticles, 0.33 g of CoFe2O4 nanoparticles were first
dispersed in distilled water. Then 0.15 g of Cu(NO3)2·3H2O and
2.5 ml of NaOH (1 M) were added to the mentioned solution. The
prepared solution was then sonicated for 1 h. The obtained parti-
cles were centrifuged and washed with deionized water and were
placed in a furnace at 500 oC for 2 h. For preparation of chitosan
functionalized (CoFe2O4/CuO) composite nanoparticles, 0.5 g of
chitosan was dissolved in 50ml of distilled water containing of 5wt%
acetic acid. The solution was stirred for 15 minutes by a mechani-
cal stirrer. Then 0.35 g of (CoFe2O4/CuO) nanoparticles was added
to the solution and sonicated for 30min by an ultrasonic bath (Par-
sonic 11S model, Iran). After that, 50 ml of 1 M NaOH was added
to it and stirred for 20 minutes. The solution was sonicated again
at 60 oC for 30 min. Finally, 2 ml of glutaraldehyde was added to
the solution and sonicated another 2 h at 60 oC. The resulting par-
ticles were washed with acetone and deionized water and placed
in an oven for 12 h at 50 oC.
3. Preparation of Mixed Matrix NF-Membranes

The PES/Cs-[CoFe2O4/CuO] NF membranes were fabricated by
phase inversion method. For the purpose, PES (18 wt%) and PVP
(1 wt%) were dissolved in N, N-dimethylacetamide in a glass reac-
tor equipped with a mechanical stirrer for more than 4 h to obtain
a homogenous solution. This was followed by mixing a various
amount of synthesized composite nanoparticles into the polymeric
solution. The solution was then sonicated for 1 h by an ultrasonic
bath (Parsonic 11S model, Iran) to reach a better dispersion of
nanoparticles. The resulting solution was left for 24 h at room tem-
perature to remove air bubbles. Then polymeric solution was cast
on clean glass plates using a film applicator with 150m thickness
at ambient temperature. The prepared films were immediately
dipped into DI water. Finally, membranes were stored in deion-
ized water for another one day. The composition of casting solu-
tion is given in Table 1.
4. Characterization of Synthesized Composite Nanoparticles

The structure of synthesized Cs-(CoFe2O4/CuO) composite nano-
particles was characterized using X-ray diffractometer instrument
(model X' Pert Pw 3373, Cr=2.289 oA, Philips, Holland). The aver-
age grain size was obtained by Debye-Scherrer equation [35].

(1)D  
K

 cos
--------------

Table 1. The composition of casting solution used in membrane fabrication
Membrane PES (wt%) PVP (wt%) DMAC (wt%) Cs-[CoFe2O4/CuO] (wt%)

M (1) 18.00 1.00 81.00 0.00
M (2) 18.00 1.00 80.95 0.05
M (3) 18.00 1.00 80.90 0.10
M (4) 18.00 1.00 80.50 0.50
M (5) 18.00 1.00 80.00 1.00
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where K is the equation constant (0.95),  and  are wavelength of
X-ray and the diffraction peak width at its half maximum inten-
sity (FWHM), and  is the diffraction angle (radian).

Fourier transform infrared (FTIR) transmission spectra (Galaxy
series 5000, KBr disc) and scanning electron microscopy (SEM,
SU3500, USA) were also used for characterization of composite
nanoparticles.
5. Membrane Characterization
5-1. SEM and AFM Analysis

SEM analysis was used to investigate the membrane morphol-
ogy. For investigation of the surface morphology of membranes,
3D surface images were employed using an optical microscope and
SPM software (v 6.4, Femtoscan) in the area of 10m×10m.
5-2. Measurement of Water Contact Angle, Porosity and Mean Pore
Size

The surface hydrophilicity of prepared membranes was deter-
mined by using a contact angle analyzer (G10, Kruss, Germany)
and distilled water as probe liquid. Five locations of each sample
were considered to obtain the contact angle for minimizing exper-
imental errors. After that, the average of measurements was reported.

The overall porosity () of prepared membranes was also ob-
tained by Eq. (2) [36-38]:

(2)

where Ww, Wd, L, A, and f are the weight of wet membrane (g),
weight of dry membrane (g), membrane thickness (cm), mem-
brane surface area (cm2), and water density (g/cm3), respectively.
To minimize experimental error, experiments were carried out three
times for each sample and then their average value was reported.
5-3. Filtration Performance of Membranes

A homemade dead-end filtration system with effective area of
11.94 cm2 was applied to measure the water flux and salt rejection
of fabricated membranes (See Fig. 1).

The membranes were initially pressurized with deionized water
for 20 min at 6 bar to achieve a steady pure water flux prior to fil-
tration test. Flux of membrane was examined by Eq. (3) [37,38]:

(3)

where A denotes the membrane surface area (m2), Q is the vol-

ume of collected permeate (L), Jw, 1 shows the water flux (L/m2·h),
and t is the filtration time (h).

For evaluation of the membrane salt rejection, 0.01 M Na2SO4

and NaCl aqueous solutions were used at 5bar. The following equa-
tion was employed for salt rejection evaluation [37]:

(4)

where Cp and Cf denote the concentration of salt in permeate and
feed, respectively.
5-4. Antifouling Property of Membranes

The powder milk solution was applied as foulant to assess the
anti-fouling performance of the prepared membranes. The occur-
rence of fouling in membrane filtration is the result of protein ad-
sorption into the membrane pores or on the membrane surface.
For the membrane fouling studies, after one hour conducting the
pure water flux test (Jw, 1, L/m2h), a 8,000 mg/l of milk powder solu-
tion was immediately entered into the cell and the flux across the
membrane was measured again at 5 bar for 60 min (Jp, L/m2h).
Fouled membranes were then washed and kept in distilled water
for 1 h. The PWF was measured for the washed membranes (Jw, 2,
L/m2h) again. The membrane flux recovery ratios (FRR%) were
obtained by Eq. (5) as follows [39,40]:

(5)

The fouling in membranes was investigated by hydraulically revers-
ible fouling, which is related to weak attachment of foulants with
membrane surface and leads to concentration polarization and irre-
versible fouling, which is related to tight attachment of foulants
with membrane; that leads to adsorption of foulant on the mem-
brane surface due to stable connection. Irreversible fouling leads to
increase of operating costs and reduced filtration performance and
decrease of lifetime of membrane. Eqs. (6) to (8) were used to obtain
three fouling parameters, including Rr, Rir and Rt as reversible foul-
ing ratio, irreversible fouling ratio and total fouling [40]:

(6)

(7)

(8)

RESULTS AND DISCUSSION

1. Synthesized Nanoparticle Characterization
The X-ray pattern of synthesized Cs-(CoFe2O4/CuO) nanopar-

ticles is shown in Fig. 2. All diffraction peaks are very close to a
cubic phase for CoFe2O4 and CuO with space group Fd3m and
Fm3m, respectively. The average grain size was calculated >33 nm.
The XRD pattern also exhibited cubic phase for the synthesized
Cs-(CoFe2O4/CuO) nanoparticles.

The FT-IR spectrum of synthesized Cs-(CoFe2O4/CuO) nanopar-
ticles is given in Fig. 3. The FT-IR spectrum of nanoparticles dis-

 %    
ww   wd 
A l f
---------------------- 100

Jw, 1 Q/A t 

R %   
Cf  Cp

Cf
----------------

 
  100

FRR %   
Jw, 2

Jw, 1
--------

 
  100

Rr %    
Jw, 2    Jp

Jw, 1
-----------------

 
  100

Rir %   
Jw, 1  Jw, 2

Jw, 1
---------------------

 
  100

Rt %   1 
Jp

Jw, 1
--------

 
  100

Fig. 1. Schematic diagram of used dead-end filtration cell in this
study.
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tinctly displays an absorption peak at 1,068.63 cm1 that is related
to the stretching vibration of C-O-C functional groups. A broad
peak appears between 3,000-3,700 cm1 which is assigned to N-H
and O-H groups of chitosan. Also, an observed peak at 1,658.89
cm1 corresponds to the formation of C=N groups. Two strong
absorption bands at 590.25 and 383.86 are also relevant to pho-
non absorption of CoFe2O4/CuO lattice [40,41].

Synthesized composite nanoparticles were characterized by SEM.
Fig. 4 shows the SEM image of synthesized Cs-(CoFe2O4/CuO)
nanoparticles. Images show relatively uniform particle size distri-
bution for the synthesized nanoparticles.
2. Membrane Characterization
2-1. Membrane Morphology

Fig. 5 shows the cross-sectional SEM images of the fabricated
membranes. All membranes show an asymmetric structure with fin-
ger-like channels. Utilizing of nanoparticles into the membrane
matrix changed the membrane morphology by affecting the kinet-

Fig. 2. XRD pattern of synthesized Cs-(CoFe2O4/CuO) nanoparticles.

ics and thermodynamics of the phase inversion process. The hydro-
philic nature of used nanoparticles enhances the exchange rate
between solvent and nonsolvent during the phase inversion, which
led to more porosity and formation of more macro-voids for the
blended membranes compared to pristine membrane [40-42]. Also,
as seen in the images, increase of nanoparticles ratio in the mem-
brane matrix decreased the thickness of top-layer significantly.
Formation of a dense skin-layer along with thicker sub-layer and
lower porosity for M5 at 1.0 wt% composite nanoparticles may be
assigned to increase of the viscosity of polymeric solution at high
additive concentration that decreases the solvent-nonsolvent ex-
change rate [42,43].

Fig. 6 illustrates the SEM surface images for all prepared mem-
branes. Images show the change of surface morphology in modi-

Fig. 3. FT-IR spectrum of synthesized Cs-(CoFe2O4/CuO) nanopar-
ticles.

Fig. 4. SEM images of synthesized Cs-(CoFe2O4/CuO) nanoparticles.
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fied membranes compared to neat PES-membrane. A relatively
uniform surface was observed for the prepared membranes. Some
agglomeration of nanoparticles for M5 at high additive concentra-
tion is due to tendency of nanoparticles for accumulation natu-
rally [44-46].

Energy dispersive x-ray (EDX) spectroscopy analysis was also
used to investigate the nanoparticle dispersion in the membrane
matrix. As shown in Fig. 7, the bright spots correspond to Co of
nanoparticles that reveal good dispersion for them relatively.

The surface roughness of prepared membranes was investigated
by 3D surface images (Fig. 8). Dark areas are related to valleys and
the bright ones assigned to the peaks. Results show that incorpora-
tion of nanoparticles into membrane matrix clearly led to decrease
of surface roughness. The average roughness (Ra) was decreased
by embedding composite nanoparticles up to 0.5wt% in the mem-
brane matrix. The relative uniform dispersion of nanoparticles on
the membrane surface and possible migration of nanoparticles to

Fig. 5. The cross-section SEM images of fabricated membranes with different concentration of synthesized Cs-(CoFe2O4/CuO) composite
nanoparticles.

Fig. 6. SEM surface images of fabricated membranes.

Fig. 7. EDX mapping of Co related to composite nanoparticles in
the membrane body: investigation the dispersion of nanopar-
ticles in membrane matrix.
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the membrane surface during the phase inversion process would
provide a smoother surface for the blended membranes. Some
increase of roughness for M5 at higher nanoparticle loading ratios
may be due to possible agglomeration of nanoparticles at its high
concentration. Moreover, increase of casting solution viscosity at
high additive ratios would decrease the exchange rate between sol-
vent and non-solvent during the formation process, which enhances
the possibility of nanoparticle accumulation. The increment of mem-
brane roughness can lead to a suitable surface for bio-fouling [10,42].
2-2. Membrane Surface Hydrophilicity

The surface hydrophilicity of prepared membranes was investi-
gated by contact angle measurement. The contact angle results are
shown in Fig. 9. Obtained results show that all modified mem-
branes have lower contact angle compared to virgin PES mem-
brane. The contact angle was reduced from 65o for pure PES mem-
brane to 36o for the blended membranes. Introducing composite
nanoparticles into membrane matrix provides more hydrophilic
surface for them. This is because of decrease in membrane sur-
face roughness that would enhance the surface hydrophilicity via

creating hydrogen bonding between water molecules and nanopar-
ticles on the membrane surface. Also, amino and hydroxyl groups
of chitosan in the synthesized Cs-(CoFe2O4/CuO) composite nano-
particles would enhance the membrane hydrophilicity.
2-3. Membrane Filtration Performance

Fig. 10 shows the change of PWF and salt rejection for the pre-
pared membranes by introducing composite nanoparticles into
the PES matrix. The PWF was increased from 15.1 (L/m2h) for
pristine membrane to 45.2 (L/m2h) for M4 with 0.5wt% of nanopar-
ticles. The membrane morphology and surface hydrophilicity di-
rectly affect filtration performance. The improvement of mem-
brane surface hydrophilicity is a desirable property that would de-
crease the interfacial energy between water molecules and mem-
brane surface, which promotes the water flux through the mem-
brane [13,17]. Also, as shown in Fig. 11, the increase of membrane
porosity makes facile the water molecule transport through the
membrane, which enhances the PWF. Decrease of PWF for M5

Fig. 8. 3D surface images for all prepared membranes: pristine membrane and mixed matrix membranes.

Fig. 9. The water contact angle of fabricated membranes.
Fig. 10. The effect of nanoparticle concentration on pure water flux

and salt rejection.
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with 1.0 wt% composite nanoparticles can be explained by mem-
brane pore blocking, nanoparticle accumulation and creating tighter
surface for M5 at high additive concentration [47], which reduces
the PWF. Besides, decrease of membrane porosity at 1.0wt% com-
posite nanoparticles decreases the PWF. All blended membranes
have higher porosity than unmodified membrane and that is due
to increase of exchange rate between solvent and nonsolvent during
the phase inversion process, as discussed earlier.

The salt rejection was enhanced obviously from 56.5% for the
pristine membrane to 88% for M5 with 1.0 wt% synthesized com-
posite nanoparticles. This is due to the Donnan exclusion effect by
amine and hydroxyl groups of composite nanoparticles that repulses
the negative ions. Also, the superior adsorption property of com-
posite nanoparticles creates more active sites for ion adsorption. In
addition, the possible pore blockage by the nanoparticles limits the
salt transport through the membrane, which improves the salt rejec-
tion. The increase of membrane surface hydrophilicity by incorpo-
rating of composite nanoparticles also reduces the concentration
polarization and that improves salt rejection [48]. However, slight
decrease of salt rejection for M4 may be because of the highest flux
for this sample that makes possible the salt percolation through the
membrane.
2-4. Fouling Experiments

Fig. 12 illustrates the change of flux with time for the fabricated

Fig. 11. The overall porosity for fabricated membranes.

Fig. 12. Change of flux with time for the fabricated membranes dur-
ing 1h: neat membrane (M1) and modified membranes with
0.5 wt% (M4) and 1.0 wt% (M5) composite nanoparticles.

Fig. 13. The flux recovery ratio (FRR%) of neat membrane (M1)
and modified membranes (M4, M5).

Fig. 14. The fouling parameters for the neat membrane (M1) and
the modified membranes (M4, M5).

membranes during 1 h. The PWF for fresh membranes (Jw, 1),
powder milk solution flux (Jp) and the PWF for the washed mem-
branes (Jw, 2) is shown in Fig. 12. Also, Fig. 13 exhibits the flux
recovery ratio (FRR%) for the prepared membranes. As seen, M4
with 0.5 wt% synthesized composite nanoparticles has the highest
FRR. The hydrophilic property and surface morphology of mem-
brane are two main factors for improvement of antifouling activ-
ity of membranes. Increase of membrane surface hydrophilicity
decreases the hydrophobic interaction between molecules of fou-
lant and membrane surface by formation of a thin layer of water
on its surface. Also, a smoother surface for the membranes reduces
the pollutant adsorption on their surface [43,46]. All blended mem-
branes containing Cs-(CoFe2O4/CuO) nanoparticle showed higher
fouling resistance than pristine membrane, which is assigned to
the more hydrophilic surface and smoother surface for the nano-
composite membranes compared to pristine membrane. More-
over, some decline of FRR% for M5 at high additive concentration
may be attributed to possible agglomeration of nanoparticles, which
would decrease the effective surface area of nanoparticles. Besides,
some increase of surface roughness for M5 decreases its anti-foul-
ing property.

Three parameters, including reversible fouling (Rr), which can
be eliminated with hydraulic cleaning, irreversible fouling (Rir) which
cannot be eliminated only with hydraulic cleaning, and total foul-
ing (Rt) which is related to total flux loss [40,49], were applied to
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characterize the fouling resistance of prepared membranes. The
results for Rt, Rr and Rir are shown in Fig. 14. The lower value of Rt

represents the better fouling resistance, while higher FRR% shows
the better antifouling property for the membranes. The pure PES
membrane had the highest total fouling ratio (91%) and irrevers-
ible fouling (57%) due to lower hydrophilicity and charge of sur-
face for this sample [60]. The highest reversible fouling (50%) that
can be removed easily with pure water cleaning was obtained for
M5 at 1 wt% of composite nanoparticles. The rougher surface for
the membrane leads to increase of foulant adsorption that causes
pore blockage. As seen, incorporation of composite nanoparticles
into PES matrix reduced the amount of irreversible fouling signifi-
cantly due to highly hydrophilic property of synthesized nanopar-
ticles. Formation of a water layer as a barrier would decrease the
interaction of foulants with membrane surface [18,20]. The results
revealed that introducing Cs-(CoFe2O4/CuO) composite nanopar-
ticles into membrane matrix enhances the antifouling property of
NF-membranes.

CONCLUSION

Cs-(CoFe2O4/CuO) composite nanoparticles were prepared by
chemical precipitation technique and then utilized for the modifi-
cation of PES-based NF membranes. The effect of Cs-(CoFe2O4/
CuO) concentration in the membrane matrix on the physico-chemi-
cal properties, separation performance and fouling resistance of
them was studied. The XRD, SEM and FTIR results decisively
showed formation of Cs-(CoFe2O4/CuO) composite nanoparticles.
The SEM images of fabricated membranes also showed more porous
with larger voids for the blended membranes compared to pris-
tine membrane. A smoother surface and higher surface hydro-
philicity were obtained for the modified membranes than pure
PES membrane. The pure water flux of all modified membranes
was enhanced significantly compared to pure PES membrane, and
the highest pure water flux (45.2 L/m2h) was obtained for M4 with
0.5 wt% of Cs-(CoFe2O4/CuO) composite nanoparticles. The Na2-
SO4 rejection also improved from 56.5% for the neat membrane to
88% for M5 with 1.0 wt% synthesized nanoparticles. The modi-
fied membranes showed significant antifouling resistance. The FRR%
measured 93% for M4 with 0.5 wt% composite nanoparticles, while
it was 40% for pure PES membrane.
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