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ABSTRACT

In this work, separation of disperse dyes and polyethylene glycol (PEG) as organic
contaminant by nanocomposite membrane was investigated. The main goal of this study
is to achieve more efficient separation of contaminant from water at high fluxes. For this
purpose, iron oxide nanoparticles (NP) were synthesized through co-precipitation,
blended with polysulfone/N-methylpyrrolidone solution, and finally, dispersed in mem-
brane structure after coagulation of casted polymeric solution. Effect of magnetic nano-
particle concentration on membrane structure and filtration performance was studied.
According to filtration experiments, the increasing of nanoparticle concentration in mem-
brane matrix cause permission flux to raise. On the other side, any increases in magnetic
nanoparticle content improved disperse dyes and PEG rejection as organic contaminant.
Iron oxide NP in polymeric solution act as an agent to increase viscosity and cause a
delay in phase inversion, decrement in membrane pore size, and finally, solute rejection
enhancement. The Fourier transform infrared spectroscopy confirmed nanoparticle
existence in membrane matrix. Furthermore, the magnetic properties of nanocomposite
membranes were measured by Vibrating Sample Magnetometer. Scanning electron
microscopy images showed the effect of nanoparticle concentration on membrane
porosity. The cross section of which confirmed the role of NP as a delay agent in
membrane formation.
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1. Introduction

Membrane filtration is one of the wide spreading
processes for separation of contaminant from water/
wastewater [1]. Although membrane filtration has been
developed over the existing water purification tech-
niques because of some of its benefits such as low
energy cost, easy for expanding, and low-temperature
application, the key disadvantage that inevitably
occurs continuously in the membrane filtration systems
is membrane fouling which limits membrane applica-
tion. Membrane fouling is caused by hydrophobic par-
ticles and colloidal material which are present in the
feed water and are concentrated at the membrane sur-
face. There are some techniques for the reduction and
prevention of membrane fouling [2], among which the
methods related to correction in membrane characteris-
tics have been more noteworthy than others in the last
years [3]. Synthesis of super-hydrophilic nanoparticles
(NP) and incorporating the synthesized NP into a
polymeric membrane have been developed as a novel
method for fouling mitigation [4–6]. A wide range of
NP has been used as hydrophilic additive in mem-
brane structure such as Ag [7], TiO2 [8], Al2O3 [9,10],
ZnO [11], and Fe3O4 [12] for reducing the membrane
fouling. The presence of NP in the membrane matrix
not only changes membrane hydrophilic nature but
also alters membrane structure [5] and specifications.
For instance, TiO2 [13], Ag [7], and ZnO [14] result in
anti-bacterial characteristics, ZrO2 [15] and Fe [16] cre-
ate catalytic properties, SiO2 [17] NP causes conductiv-
ity properties, and Fe3O4 [12] nanoparticle gives
magnetic characteristics to polymeric membranes.

Magnetic nanocomposite membranes because of
both magnetic and efficient filtration properties have
been got great attention in the recent years [12,18–20].
Huang et al. [19] compared the magnetized and non-
magnetized membranes (MNCMs) performance in
ultrafiltration of pig blood solution. Their research
showed that the MNCM has a higher blood proteins
recovery, flux, and a relative flux than the correspond-
ing non-MNCM. In another research, magnetic field
was applied to fabricate magnetic nanocomposite mem-
branes, results showed that magnetic nanocomposite
membranes are fouling resistant [12]. RuiJun et al. [18]
used external magnetic field during ultrafiltration of
polysaccharides by magnetic composite membrane. The
research showed that magnetic field decreases polysac-
charide recovery. The main goal of the present study is
to benefit both magnetic nanoparticle and external mag-
netic field for improving filtration performance.

For this purpose, iron oxide NP were synthesized
by co-precipitation method then blended with
polysulfone (PSf) casting solution. Structure and

surface properties of synthesized nanocomposite ultra-
filtration membranes were studied through scanning
electron microscopy (SEM) images, Fourier transform
infrared spectroscopy (FTIR), and contact angle mea-
surement. Iron oxide NP, because of bearing some
properties such as magnetization [12,21] and hydro-
philicity [20,21], have manipulated membrane struc-
ture and nature. Considering the magnetic property of
nanocomposite membranes, the effect of external
magnetic field besides impact of NP presence on pure
water flux (PWF) and organic contaminant separation
of magnetic nanocomposite membranes were
examined.

2. Materials and methods

2.1. Materials

PSf (MW: 7,500 Da) was purchased from Across
Organics, and was used as the main polymer for the
membrane (13.5 wt.%). Normal methylpyrrolidone
(NMP) was purchased from Merck Company and was
used as the solvent of the polymer (75 wt.%). Polyeth-
ylene glycol (PEG) (MW: 20,000 g/mol) was purchased
from Merck Company, and it was used as the pore
former (11.5 wt.%) or for molecular weight cut off
measurement (MW: 10,000 g/mol). FeCl2 ∙ 4H2O,
FeCl3 ∙ 6H2O, and NH3 supplied from Merck Company
and used for iron oxide NP synthesis. Disperse dyes
were bought from Rang Alvan Sabet Company.

2.2. Methods

2.2.1. Nanocomposite membrane fabrication

Fe3O4 entrapped PSf ultrafiltraion membranes were
prepared by dispersing different concentration of nano-
sized particles uniformly into NMP solution and were
sonicated at 70˚C for 60min, then PSf was subsequently
added under continuous sonication. After adding PEG-
20000 additive and sonicating likewise for 60min, the
membrane was cast onto a clean glass plate with
350 μm casting knife and exposed under forced convec-
tion evaporation for 30 s. Then immediately immersed
in a water coagulation bath at 25˚C to form membrane.
Membrane fabrication conditions are listed in Table 1.

2.2.2. Filtration experiments

All experiments were done at room temperature
(25 ± 2˚C) and a pressure of 3 bar using a cross-flow
filtration system with 24 cm2 effective area cell. The
effect of external magnetic field on performances was
examined by filtration under magnetic field (0.4 Tesla)
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at the distance of 2.0 cm. By measuring permeate
weight at certain times membrane PWF, was calcu-
lated by Eq. 1:

PWF ¼ l

A � Dt (1)

In which l is permeate volume (L), A is the membrane
surface area (m2), and Δt is the permeation time (h).
After 30min compaction, any filtration experiment
(PWF or organic solute separation) has been done dur-
ing 60min cross-flow filtration. To minimize the
experimental error, the filtration tests were measured
and averaged three times for each sample. Following
filtration, dye solutions were analyzed using a UV–
visible spectrophotometer (UNICO, Model: s2100,
USA) at a wavelength of 460 nm. The rejection of dye
solutions was calculated through Eq. 2.

R ð%Þ ¼ 1� Cp

Cf

� �
� 100 (2)

In Eq. 2, R% represents rejection, while Cf and Cp

represent concentration of dye in the feed and concen-
tration of dye in the membrane permeate, respectively.
The analytical method for determining PEG concentra-
tion is given by Sabde et al. [22] in which PEG
solutions were analyzed using a UV–visible spectro-
photometer at a wavelength of 535 nm.

2.2.3. FTIR spectra

FTIR spectrum was used in order to prove the
presence of Fe3O4 NP in the structure of PSf mem-
brane (BRUKER, Model: TENSOR 27, Germany).
Membrane samples became a little thin and transpar-
ent due to the high pressure (14 bar), and then they
were analyzed.

2.2.4. VSM analysis

The magnetic measurement was carried out in a
vibrating sample magnetometer (VSM, BHV 55, Riken,
Japan) at room temperature.

2.2.5. SEM images

SEM image was taken by SEM microscope
(Hitachi, Model: s4160, Japan) after complete sample
preparation i.e. sample freezing by liquid nitrogen,
breaking sample, and gold scattering.

3. Results and discussion

3.1. Effect of magnetic NP on membrane properties

The presence of NP in membrane matrix changes
membrane surface properties and structure. Magnetic
NP changes membrane functional groups, surface
hydrophilicity, magnetization, and porosity.

Fig. 1 displays FTIR spectrum of iron oxide NP,
PSf ultrafiltration membrane, and nanocomposite
membrane. A peak was observed in wave number of
3,400 cm−1 and another one in 580 cm−1 in iron oxide
NP spectrum that are related to –OH and Fe–O func-
tional groups of Fe3O4 particles, respectively [23].
Comparison between the spectrum of neat PSf mem-
brane and nanocomposite membrane shows a wide
peak in the area of 3,000–3,600 cm−1, and a sharp peak
in 582–640 cm−1 bands, that are due to the stretching
vibration mode associated to the metal–oxygen
absorption band (Fe–O bonds in the crystalline lattice
of Fe3O4) which confirms the presence of Fe3O4 NP in
the structure of PSf membrane.

Entrapping magnetic NP in the polymer matrix
endows the product with magnetic properties [18,24].
As seen from Fig. 2, an increase in NP concentration
from 0.02 to 0.11 wt.% result in enhancement magneti-
zation from 0.7 to 15 emu/g.

Blending NP with polymeric solution changes the
rate of phase separation and, consequently, changes
the structure and filtration performance of the synthe-
sized nanocomposite membranes [5,9,10]. Fig. 3 dis-
plays the effect of NP entrapments in membrane
matrix.

As illustrated in the SEM cross-sectional images,
the addition of NP to casting solution decreases the
length of finger-like pores and increases the thickness
of sponge-like structure for MNCM1 in comparison
with NM. This behavior can be related to promoter
role of NP which induces instantaneous phase

Table 1
Membrane preparation condition

Membrane PSf (wt.%) PEG (wt.%) Solvent (wt.%) NP/polymer (wt.%)

Neat membrane (NM) 13.5 12.5 75 0
Magnetic nanocomposite membrane (MNCM1) 13.5 12.5 75 0.02
Magnetic nanocomposite membrane (MNCM2) 13.5 12.5 75 0.07
Magnetic nanocomposite membrane (MNCM3) 13.5 12.5 75 0.11
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inversion and finally porous structure [10]. The
similar observation has been reported by other
researchers [25]. But here, with more increment in
NP loading, for MNCM2 and MNCM3, the increase
in the length of finger pores and elimination of
sponge-like structure can be seen from the Fig. 3
which produces a dense membrane with low poros-
ity. The mentioned performance can be because of
increasing in casting solution viscosity with NP load-
ing [8]. As can be seen from Fig. 3, a structure revo-
lution has been occurred for nanocomposite
membranes at 0.07 wt.% of Fe3O4 NP. The mentioned
concentration can be considered as an exclusive

threshold concentration [5,26–30]. At concentrations
lower than the threshold, any increase in nanoparticle
loading, result in increasing in membrane porosity,
while rheological increment is dominant at higher
concentrations than the threshold which result in
decreasing in membrane porosity. The threshold
concentration was reported to be 0.093, 0.04, 0.05,
0.03, and 0.02 wt.% for [PSf/dimethylacetamide
(DMAC)/NMP/TiO2] [26], [Poly ether sulfones
(PES)/DMAC/TiO2] [27], [PSf/NMP/Polyvinylpyrrol-
idone (PVP)/C60] [28], [Polyvinylidene fluoride
(PVDF)/DMAC/DMF/SiO2] [29], and [PVDF/
DMAC/Al2O3] [30] systems, respectively.
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Fig. 1. FTIR spectrum of Fe3O4 entrapped PSf ultrafiltration membrane, PSf membrane, and Fe3O4 nanoparticle.
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Fig. 2. Effect of Fe3O4 load on nanocomposite membrane magnetization.
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3.2. Effect of magnetic NP on filtration performance of
nanocomposite membrane

Effect of magnetic nanoparticle entrapment on fil-
tration performance of magnetic nanocomposites
investigated. The results are shown in Fig. 4.

As displayed in Fig. 4, PWF of the non-MNCM is
strongly smaller than magnetized ones. This behavior
can be due to the improvement of membrane surface
hydrophilicity in the presence of iron oxide NP
[20].This behavior has been observed for other NP by
other researchers [9,15,27,30]. For MNCMs any increase
in nanoparticle concentration, improves membrane
PWF which can be related to Fe3O4 hydrophilicity [12]
or membrane porosity [20]. For MNCMs with increas-
ing in NP concentration, before threshold concentration
(0.07 wt.%) separation efficiency of organic solutes
declines while at higher concentrations than the thresh-
old, separation efficiency of organic solutes improves
(see Fig. 4(b)). This performance can be related to alter-
nation in membrane porosity (see SEM images, Fig. 3)
or adsorption of organic solutes by iron oxide NP [31].

3.3. Effect of magnetic field on membrane filtration
performance

Taking into consideration, magnetic property of
synthesized nanocomposite membranes, the effect of
magnetic field on filtration performance of nanocom-
posite membranes was investigated. Application of
magnetic field for recovery of polysaccharides from
water has been investigated by RuiJun et al. [18]. The
results of the research indicated that magnetic field
increases membrane pore size and PWF while polysac-
charide recovery decreases dramatically [18]. In the
present work, organic solute separation has been
examined in the presence of external magnetic field.
Results are shown in Fig. 5.

As shown from the Fig. 5, magnetic field increases
PWF of nanocomposite membrane while a negligible
loss in rejection is observes. In the presence of mag-
netic field, blended magnetic NP can change the struc-
ture of membrane pores, increases porosity, and
finally, increases membrane water flux [12,18,32]. The
changes in magnetic membrane structure in the

Fig. 3. Cross sectional SEM images of membrane containing different concentration of magnetic NP.

1500

2000

2500

3000

3500

4000

0 0.05 0.1

P
ur

e 
W

at
er

 F
lu

x 
(l

/h
.m

2)

NP/Polymer wt.(%)

8

8.5

9

9.5

10

80

85

90

95

100

0 0.02 0.07 0.11

P
E

G
-1

00
00

 R
ej

ec
ti

on
 (

%
)

D
ye

 R
ej

ec
ti

on
 (

%
)

NP/Polymer wt.(%)

(b)(a)

Fig. 4. Effect of NP on (a): pure water flux and (b): organic solute rejection.

M. Homayoonfal et al. / Desalination and Water Treatment 54 (2015) 3603–3609 3607



presence of magnetic field have been reported in the
other researches [32].

4. Conclusion

In this work, flat sheet PSf/Fe3O4 nanocomposite
membrane was synthesized through phase inversion
method. The FTIR analyses indicated that magnetic
nanocomposite films have O–H and F–O functional
group which confirms the presence of magnetic parti-
cles in membrane matrix. Moreover, VSM measure-
ments showed that by increasing NP composition the
membrane magnetization was also improved. The
SEM cross-section images showed that at concentra-
tions lower than 0.07 wt.% of nanoparticle/polymer
the hydrophilicity of NP promotes instantaneous phase
inversion, increases porosity and permeability, and
decrease organic solute rejection of the nanocomposite
membrane. When the concentration of NP becomes
higher than 0.07 wt.%, the viscosity of the casting solu-
tion increases and slows down the phase inversion
process, and causes the porosity and permeability to
increase. Also organic solute rejection of the nanocom-
posite membrane is increased. Finally, results showed
that it is possible to continuously separate organic con-
taminate with a high-permeability nanocomposite
membrane by adjusting the external magnetic field.
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