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ABSTRACT

In this study, functionalized multi-walled carbon nanotubes (F-MWCNTs) were used to
modify the polyvinylidene fluoride (PVDF)/polyvinyl chloride (PVC) blend UF membrane
via solution blending method. The effect of F-MWCNTs dosage (0–1%) on the properties
and performance of PVDF/PVC/F-MWCNTs membranes was investigated. The prepared
blend membranes were characterized by Fourier Transform Infrared spectroscopy (FT-IR),
Scanning Electron Microscopy (SEM), Field Emission Scanning Electron Microscopy
(FESEM), contact angle, and tensile strength techniques. Results showed that hydrophilicity
of membranes was enhanced with increase of F-MWCNTs content. The performance of the
membranes was evaluated in terms of pure water flux (PWF) and dextran filtration. The
results showed that presence of F-MWCNTs in polymer matrix improved performance and
antifouling properties of PVDF/PVC blend membrane. Accordingly, incorporation of
0.3–0.5 wt.% of F-MWCNTs represented maximum dextran rejection and permeate flux,
respectively.

Keywords: Functionalized multi-wall carbon nanotube; Ultrafiltration; Hydrophilicity;
Antifouling

1. Introduction

On account of its good chemical resistance,
mechanical properties and thermal stability of
polyvinylidene fluoride (PVDF) has received much
attention as a membrane material. The use of pure
PVDF membrane for ultrafiltration (UF) of aqueous
solutions has been limited due to its hydrophobic nat-
ure, which causes membrane fouling. Many studies
have been carried out to enhance the hydrophilicity

and performance of PVDF membrane. Regularly, sur-
face modification or blending modification methods
are used to improve antifouling properties of UF
membranes [1]. In the case of blending modification
technique, polymer is blended with the modifying
agent to attain the desired functional properties in the
membrane structure. Therefore, the preparation and
modification processes can be accomplished in a single
step. This feature introduces solution blending as a
convenient membrane modification method. Up to
now, polymers [2–6], amphiphilic copolymers [7,8],
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and inorganic particles [9–12] are applied to modify
the pure PVDF membrane.

Among the polymers which can be used as modi-
fier, PVC has gained attention due to its outstanding
properties including: robust mechanical strength, low
cost, high resistance to acids, bases, solvents, and chlo-
rine [13,14]. Although both PVC and PVDF mem-
branes have excellent UF separation performance,
PVC has economical superiority when compared with
PVDF. Thus, it can be good candidate to improve
properties of PVDF membrane for UF process.
Accordingly, Zhang et al. [15] studied the effect of
PVC/PVDF ratio (0–1) on performance of PVDF/PVC
blend membrane. They found that 50% of PVC
enhanced water flux of prepared membrane up to 19
times when compared with that one of pure PVDF
membrane. However, PVDF/PVC blend membrane
showed lower mechanical stability because of their
more porous structure than pure PVDF membrane.

It has also been proven that dispersion of inor-
ganic nanoparticles in the polymer matrix is also use-
ful in the improvement of blend membrane
performance [16]. Thanks to their exclusive natural
properties, carbon nanotubes (CNTs) are one of the
inorganic materials which can be used to prepare
new generation of composite membranes [17–19]. The
CNTs represent extremely high mechanical strength,
high thermal and electrical conductivity, low density
and especially high specific area [20,21]. Anyhow,
uniform dispersion of CNTs and their appropriate
adhesion to polymer chains can be achieved subse-
quent to functionalization by chemical agents [22–24].
There are some literatures which have been carried
out in the field of membrane preparation by introduc-
ing F-MWCNTs to PVDF matrix [25,26]. Zhao et al.
[25] functionalized MWCNTs using grafted hyper-
branched poly (amine–ester). They incorporated dif-
ferent amount of prepared F-MWCNTs (0–2%) into
PVDF matrix to improve performance of PVDF mem-
brane. Their results indicated that at 1.5% of F-
MWCNTs, permeate flux increased from about 1
L m−2 h−1 for pure PVDF to 5 L m−2 h−1 for PVDF/F-
MWCNTs membrane, while BSA rejection shift down
5%. In addition, according to the Flux recovery (FR)
values, one can conclude that the presence of F-
MWCNTs improved antifouling properties of PVDF
membrane. Zhang et al. [26] investigated the effect of
oxidized-multi-walled carbon nanotubes (O-MWNTs)
on the performance of PVDF/perfluorosulfonic acid
(PFSA) hollow fiber membrane. They showed that
surface hydrophilicity, porosity, and permeation flux
of resultant mixed matrix membranes were evidently
improved by the addition of O-MWNTs. These find-
ings reveal that utilizing F-MWCNTs as an additive

into PVDF matrix can improve the hydrophilicity,
water permeability, and the antifouling ability of
membrane. To our best knowledge, there is no
information on the effect of combination of both PVC
and F-MWCNTs on the performance of PVDF
UF membrane.

Based on the above-mentioned considerations, this
work is devoted to study properties and performance
of PVDF/PVC/F-MWCNTs blend membranes. To do
this, raw MWCNTs were acidified to prepare F-
MWCNTs and then characterized by Fourier Trans-
form Infrared Spectroscopy (FTIR) analysis. The
PVDF/PVC/F-MWCNTs membranes were fabricated
via phase inversion method. The prepared mixed
matrix membranes were characterized by applying
FTIR, Scanning Electron Microscopy (SEM), tensile
strength, porosity, and contact angle tests. In addition,
the effects of F-MWCNTs on the separation perfor-
mance of PVDF/PVC membrane were studied via
dextran removal process.

2. Experimental

2.1. Materials

PVDF (Mw = 534,000 g/mol) and dextran
(Mr = 450,000–650,000) were purchased from Sigma-
Aldrich (Germany). PVC powder was obtained from
Vinytai Co. (Thailand). MWNTs (purity 95%) with an
average length of 30 μm and a diameter of 10–20 nm
were provided by Shenzhen Nano-Tech Port Co. DMF
and HNO3 (67%) employed as solvent was purchased
from Merck. Distilled water was used as nonsolvent
for the casting solution. H2SO4 (95–98%) was supplied
from Arman Sina (Iran). PTFE filtration membranes
(pore size of 0.2 μm) were acquired from Whatman
Company.

2.2. Functionalization of MWCNTs

Acidification process was conducted to introduce
hydrophilic functional groups onto the surface of
MWCNTs. According to the functionalization proce-
dure, 2 g of raw MWCNTs were soaked in 160 mL
solution of H2SO4/HNO3 (3/1 in vol.%) and then
were heated to 70˚C for 8 h without stirring [27].
The as-prepared solution was diluted with 2 L
deionized water and filtered through a PTFE mem-
brane. The resultant F-MWCNTs were washed with
deionized water and dried at 60˚C in an oven for
6 h. It should be notified that this procedure assists
removal of the existed metallic catalyst particles and
amorphous carbon as the impurities of raw
MWCNTs.
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2.3. Membrane preparation

The PVDF/PVC/F-MWCNTs membranes were
prepared by solution blending and immersion precipi-
tation techniques. Different amounts of F-MWCNTs
(0–1% weight/weight of polymers) were added into a
certain amount of DMF (81 wt.%) and then sonicated
for 30 min to ensure well dispersion. Afterward, PVDF
and PVC (1:1 in wt.%) were dissolved in the dispersed
solutions by magnetic stirrer at 80˚C for 24 h and then
were kept for the removal of bubbles. The homoge-
neous solutions were cast on a glass plate using cast-
ing bar (Neurtek2281205) with adjusted thickness of
250 μm. The resultant films were allowed being in
atmosphere for 30 s for solvent evaporation. Then,
they were immersed into a water coagulation bath for
1 d to ensure an adequate solvent–nonsolvent
exchange. The as-prepared mixed matrix membranes
were nominated according to the composition of cast-
ing solution as shown in Table 1.

2.4. Characterization

2.4.1. FT-IR analysis

FTIR spectrometer (Thermo Nicolet Avatar 370)
was applied to evaluate successful functionalization of
raw MWCNTs. Additionally, the effect of F-MWCNTs
on the chemical structure of PVDF/PVC/F-MWCNTs
membranes was investigated. For all samples, FTIR
spectra were collected over wavenumber range of
500–4,000 cm−1 with a spectral resolution of 1 cm−1.

2.4.2. Morphological studies

In order to inspect cross-sectional morphology of
the mixed matrix membranes, SEM (LEO1450VP,
Zeiss, Germany) was employed. The membranes were
cut into pieces of small sizes and then were immersed
in liquid nitrogen. Frozen bits of the membranes were
properly broken. Finally, samples with clean cut edges

were gold sputtered for producing electric conductiv-
ity. In order to observe MWCNTs on the surface of
membranes, Field Emission Scanning Electron Micro-
scopy (FESEM, ZIGMA/VP, Zeiss, Germany) was
used.

2.4.3. Contact angle measurement

The surface contact angle of PVDF/PVC/F-
MWNTs membranes was measured using OCA15 Plus
analyzer (Germany). To minimize the experimental
error, the average contact angle at four random sites
of each sample was reported. The obtained contact
angle values demonstrate change of hydrophilicity of
as-prepared membrane.

2.4.4. Mechanical properties

Universal testing machine (ZWICK-Z250,
Germany) was employed to study mechanical stability
of the as-prepared membranes through measurement
of the tensile strength. All samples were deformed
with the speed of 5 mm min−1 at room temperature.

2.4.5. Filtration performance

A self-made cross flow filtration cell with effective
area of 9.62 × 10−4 m2 was used to evaluate membrane
performance and antifouling properties during separa-
tion of dextran. The flux and rejection of all mem-
branes were determined under operating pressure of
3 bar. Dextran solution with concentration of 0.5 g L−1

was used as feed.
The permeate flux, J (L m−2 h−1), was calculated by

the following equation (Eq. (1)):

J ¼ V

A�t (1)

Table 1
Composition of casting solution for PVDF/PVC/F-MWCNTs membranes

Membrane code PVDF + PVCa (wt.%) WF-MWCNTs
b (wt.%)

PVDF50 19 0
PVDF50–0.3 19 0.3
PVDF50–0.5 19 0.5
PVDF50–0.7 19 0.7
PVDF50–1 19 1

a50% PVDF + 50% PVC.
bMass ratio of F-MWCNTs to PVDF + PVC.
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where V (L) is the volume of permeated water, A (m2)
is the effective membrane surface area and t (h) is the
permeate collection time.

After steady-state flux was achieved, the chemical
oxygen demand (COD) of permeate and feed were mea-
sured using the PC checkit COD equipment (Lovibond
Co.). In COD measurement method, each sample was
exposed to the oxidizing solution, cooled, and then ana-
lyzed. To determine dextran rejection during UF pro-
cess the following equation (Eq. (2)) was applied [28].

R ¼ 1� CODpermeate

CODfeed
(2)

2.4.6. Analysis of membrane fouling

The FR was used to quantify fouling amount of as-
prepared membranes. The method is based on the dif-
ference between pure water flux (PWF) before and
after separation process. In this case, after filtration of
dextran solution, the membranes were washed with
distilled water for 20 min. This was followed by esti-
mation of water flux of cleaned membranes Jw2

(L m−2 h−1). The FR was calculated as follow:

FR %ð Þ ¼ Jw2
Jw1

� �
� 100 (3)

where Jw1 is PWF of prepared membranes before sep-
aration process. Reversible fouling ratio (Rr) and irre-
versible fouling ratio (Rir) were also defined and
calculated by following equations, respectively.

Rr %ð Þ ¼ Jw2 � Jp
Jw1

� �
� 100 (4)

Rir %ð Þ ¼ Jw1 � Jw2
Jw1

� �
� 100 (5)

where Jw1 and Jp are PWF and permeate flux of
PVDF/PVC/F-MWCNTs membrane, respectively.

3. Results and discussions

3.1. Characterization of F-MWCNTs

The FTIR spectra of raw MWCNTs and F-
MWCNTs are presented in Fig. 1. The appearance of
band at 1,515 cm−1 is attributed to C=C bond of car-
bon structure of CNTs. However, for F-MWCNTs, the
above-mentioned band is observed at wavenumber of
1,567 cm−1 with strong intensity because of overlapped
vibrations of double bonds C=C and carbonyl groups
C=O [29]. Besides, new bands are observed at 3,509,

1,714, 1,430, and 1,221 cm−1 which are corresponded
to OH, C=O, OH bending vibration of COOH bonds
and sulfate groups (OSO3H), respectively. The band at
about 1,051 cm−1 is assigned to the C–O stretching
vibration. The increased intensity of the OH band and
the appearance of new bands suggest that oxidation
procedure of the MWCNTs successfully introduced
COOH, OH, CO, and OSO3H groups onto the walls of
the nanotubes [29,30].

Fig. 2 depicts MWNTs/DMF and F-MWCNTs/
DMF solutions to compare dispersion quality of
MWCNTs before and after modification. As can be
seen, F-MWCNTs/DMF solution remained stable for
several days after sonication but raw MWNTs precipi-
tated. In fact, the groups on F-MWCNTs surfaces are
the main driving force for the uniform dispersion of
nanotubes in solvent.

3.2. Characterization of mixed matrix membranes

3.2.1. FTIR analysis

Fig. 3 exhibits the FTIR spectra of the PVDF/PVC
membrane and PVDF/PVC/F-MWCNTs membrane
with 0.5 wt.% of F-MWCNTs. For PVDF/PVC blend
membrane, bands at 1,675, 1,404, and 1,235 cm−1 are
attributed to –C=CF2– vibrations of vinylidene group,
C–F stretching and very strong mode of –CF2– ring
breathing vibrational modes of PVDF, respectively.
The absorption band appearing at 874 cm−1 may be
assigned to the characteristic frequency of vinylidene
compounds. C–Cl stretching frequencies of PVC are
found at 641 and 612 cm−1, respectively [31,32]. In the
case of PVDF/PVC/F-MWCNTs membrane, a new
band is also depicted at 1,740 cm−1, which is not
present in the spectrum for the PVDF/PVC mem-
brane. This band is due to the presence of C=O bond
stretching in carboxylic acid groups, indicating
successful F-MWCNTs immobilization within the
functionalized membrane [33].
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Fig. 1. The FTIR spectra of raw MWNTs and F-MWNTs.
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3.2.2. SEM and FESEM analysis

The cross-sectional view of as-prepared mem-
branes was observed by SEM to investigate impact of
F-MWCNTs on the structure of PVDF/PVC mem-
brane. As shown in Fig. 4, all membranes display a
typical asymmetric membrane structure with a selec-
tive top layer and a porous sub-layer. It is found from
Fig. 4 that incorporation of F-MWCNTs into blend
polymer matrix changes the structure of the PVDF/
PVC membrane. As can be seen, for PVDF/PVC mem-
brane, sub-layer includes spherical and finger-like
pores (Fig. 4(a)). With increment of the F-MWCNTs
dosage from 0 to 0.5 wt.%, size and number of pores
increases and sponge-like region of membrane struc-
ture decreases. These observed results can be related
to the fast exchange of solvent and nonsolvent in the
phase inversion process due to the presence of hydro-
philic F-MWCNTs in membrane structure [34]. Further
increase of F-MWCNTs dosage to 0.7 wt.% leads to
formation of less porous sub-layer. Indeed, by increas-
ing F-MWCNTs dosage, viscosity of casting solution
increases, which lead to the delayed demixing.

Conversely, solvent–nonsolvent exchange rate
increases which causes instantaneous demixing. At
high dosages of inorganic filler, the effect of viscosity
prevails over hydrophilic nature of F-MWCNTs. Thus,
delayed demixing becomes the dominant mechanism
of membrane formation and as a result denser struc-
ture is observed [35]. Vatanpour et al. [36] observed
the same behavior for PES/amine-functionalized
MWCNTs nanocomposite membrane. Their results
indicated that membranes containing 0.015, 0.03, and
0.045 wt.% of F-MWCNTs had more porous structure,
while increasing filler dosage to 0.6 wt.% led to the
formation of a thicker top layer.

Fig. 5 presents the surface FESEM images of
PVDF50 and PVDF50–0.5 membranes. It is evident
from Fig. 5 that F-MWCNTs are dispersed on the sur-
face of the PVDF50–0.5 membrane. Additionally, there
is no defect between polymer matrix and F-MWCNTs
due to their proper interaction.

3.2.3. Contact angle measurements

The surface hydrophilicity obtained by the contact
angle measurement plays a significant role on the flux
and antifouling performance of membranes. Generally,
the smaller contact angle, the greater is the
hydrophilicity [37]. Table 2 shows the contact angle
values for PVDF/PVC and PVDF/PVC/F-MWCNTs
membranes. As shown in Table 2, the contact angle
decreases from 61.20 to 50.26˚, while the F-MWCNTs
increase from 0 to 1%. This result indicates that the
surface hydrophilicity of membranes is improved with
the increase of F-MWCNTs content in membrane
structure. As mentioned by FESEM images,
F-MWCNTs are adequately dispersed on the surface
of mixed matrix membranes. In fact, during the
immersion precipitation process, hydrophilic

AB

iiiiii

BABA

Fig. 2. The dispersion of raw (A) and functionalized (B) MWCNTs in DMF during (i) 30 min, (ii) 7 d, and (iii) 2 month
after sonication.
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MWCNTs migrate upward to reduce the free energy
at interface of water and membrane [38]. Thus, the
observed trend of contact angle is owed to the pres-
ence of the hydrophilic groups of F-MWCNTs on sur-
face of as-prepared membranes.

The presence of F-MWCNTs on membrane surface
is also visible in the top and the bottom surface pho-
tographs of as-prepared membranes (Fig. 6). Color of
bottom surface of membrane is slightly lighter than

that of top surface, signifying the tendency of
functionalized MWCNTs to migrate upward.

3.2.4. Tensile strength results

The tensile strength of PVDF/PVC/F-MWCNTs
blend membranes as a function of MWCNTs content
is shown in Fig. 7. As can be observed, by the
addition of F-MWCNTs into PVDF/PVC matrix,

Fig. 4. Effect of F-MWCNTs on cross-sectional SEM images of PVDF/PVC/F-MWCNTs membranes: (a) 0 wt.%
F-MWCNTs, (b) 0.3 wt.% F-MWCNTs, (c) 0.5 wt.% F-MWCNTs, (d) 0.7 wt.% F-MWCNTs, and (e) 1 wt.% F-MWCNTs.

Fig. 5. Surface FESEM images of membranes prepared: (a) PVDF50 and (b) PVDF50–0.5.
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tensile strength reduces. This finding is related to the
change of membrane morphology. As stated before,
PVDF/PVC/F-MWCNTs membranes have more por-
ous structure than PVDF/PVC membrane and there-
fore it is expected that their mechanical stability
becomes less than that of PVDF/PVC membrane. Sim-
ilar behavior was reported by Ma et al. [39], who
showed that by the incorporation of 0.5–2 wt.% acidic
MWCNTs into PVDF membrane, tensile strength
decreased due to formation of finger-like pores in sub-
layer. Beside, this reduction may be due to stiffness of
polymer chains [40]. Interestingly, by augmenting of
F-MWCNTs dosage from 0.3 to 1 wt.%, tensile
strength increases. This trend implies that F-MWCNTs
are properly dispersed in polymer matrix and also
they have appropriate interaction with PVDF and PVC
chains [41].

3.3. Pure water flux

Fig. 8 illustrates the PWF of blend membranes with
different amounts of F-MWCNTs. As can be seen, the
PWF is 27.83 L m−2 h−1 for PVDF50 membrane. When
F-MWCNTs dosage augments from 0 to 0.5%, the
PWF increases considerably. Nevertheless, further
increasing of the filler dosage results in reduction of
PWF. For PVDF50–0.3 and PVDF50–0.5, the improve-

ment of PWF can be explained by two factors includ-
ing hydrophilicity and the pore size of the membrane
[42]. The water contact angle results, presented in
Table 2, confirm the hydrophilicity enhancement of
above-mentioned samples. In this case, the hydrophilic
group of F-MWCNTs tempts water molecules to pass
through the membrane and as a consequence
enhances water flux [43,44]. Moreover, as can be

Table 2
Contact angle of prepared membranes

Membrane code Contact angle (˚)

PVDF50 61.20 ± 0.5
PVDF50–0.3 56.44 ± 0.63
PVDF50–0.5 55.00 ± 0.66
PVDF50–0.7 53.11 ± 0.74
PVDF50–1 50.26 ± 0.83

Fig. 6. Digital photographs of top and bottom surface PVDF50–1.
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observed in SEM images (Fig. 4), by increasing
F-MWCNTs dosage from 0.5 to 1 wt.%, smaller pore
sizes are formed which is the dominant factor and
decreases PWF. Accordingly, the maximum PWF is
achieved for PVDF50–0.5 membrane.

3.4. Permeate flux and dextran rejection

The effect of F-MWCNTs on the performance of
PVDF/PVC membrane was studied using dextran
removal process. The results of permeate flux are
shown in Fig. 9. As illustrated in this figure, permeate
flux has changed similarly as PWF for all prepared
membranes. Indeed, permeate flux increases up to
0.5 wt.% of F-MWCNTs and then reduces by further
increase of F-MWCNTs concentration in casting solu-
tion. However, it is noteworthy that permeate flux of
each sample decreases comparing to its PWF as a
result of fouling effect.

Fig. 10 presents the dextran rejection of the PVDF/
PVC and PVDF/PVC/F-MWCNTs membranes. The
results show that dextran rejection increases from 41%
for PVDF50 to 63.3% for PVDF50–0.3. The enhance-
ment of dextran rejection can be explained by the fact
that by addition of 0.3 wt.% F-MWCNTs in casting
solution, hydrophilicity increases and water molecules
transport faster than dextran through the membrane.
However, for PVDF50–0.5, membrane pore size
increases and the high water flux drag dextran mole-
cules in permeate [45]. As a result, dextran concentra-
tion in permeate side increases and its rejection
decreases. However, further increase of F-MWCNTs
dosage (0.7–1 wt.%) leads to the more dense structure.
In addition, hydrophilicity of PVDF50–0.7 and
PVDF50–1 dominates adsorption of dextran molecules
on membrane surface and plays a key role in
improvement of dextran rejection.

3.5. Antifouling properties of the membranes

The adsorption and deposition of solute on the
membrane surface and/or inside pores leads to the
formation of membrane fouling which is consisted of
reversible and irreversible fouling. Reversible adsorp-
tion of solute causes reversible fouling which can be
removed by hydraulic cleaning. While, firm adsorp-
tion of molecules is the reason of irreversible fouling.
The antifouling performance of prepared membranes
was characterized by means of measuring water FR
after fouling by dextran solution and results are
shown in Table 3. As can be observed, FR value for
PVDF/PVC/F-MWCNTs membranes increases when
compared with PVDF50 membrane. This phenomenon
was attributed to increasing surface coverage of the
hydrophilic groups on the membrane surface, which
could induce denser and more stable hydration layer.
Form the results, PVDF50–1 membrane possesses the
highest FR value of 95 wt.%. According to Table 2,
PVDF50–1 membrane has the lowest contact angle and
highest hydrophilicity. As a result, its tendency to
absorb water molecules increases and adsorption of
dextran molecules on the surface becomes less.
Besides, the PVDF50–0.7 shows the lowest FR value.
In fact, by reducing the pore size of membranes,
adsorption of dextran molecules on the surface of
pores blocks more pores. This kind of fouling may
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Table 3
Antifouling parameters of prepared membranes

Membrane code FRR (%) Rir (%) Rr (%)

PVDF50 82.49 17.50 3.09
PVDF50–0.3 86.105 13.89 −0.47
PVDF50–0.5 87.62 12.37 4.47
PVDF50–0.7 84.3 15.06 3.11
PVDF50–1 95.17 4.82 3.44
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hardly eliminates during cleaning process. Interest-
ingly, for PVDF50–0.3, Rr of −0.47 depicted that Jw2 is
lower than permeate flux. This may occur due to
blocking of membrane pores by dextran molecules.
Accordingly, water flux reduced to the lower level
than permeate flux [46].

4. Conclusion

In this work, PVC and F-MWNTs were both intro-
duced to prepare PVDF/PVC/F-MWNTs flat sheet
membrane. The effect of F-MWCNTs on the perfor-
mance of PVDF/PVC membranes was investigated.
The F-MWNT exhibited stable dispersion in DMF
through sonication. Cross-sectional SEM images of
membranes showed that by augmenting F-MWCNTs
dosage to 0.5 wt.%, size and number of pores increase,
while further increasing of MWCNTs amount led to a
denser structure. Embedding F-MWCNTs to PVDF/
PVC matrix caused to increase surface hydrophilicity
of resultant membrane. Mechanical properties of the
prepared membranes were decreased by increasing
the F-MWCNTs concentration and then increased.
PWF significantly increased by increasing F-MWCNTs
loading from 0 to 0.5 wt.%. Beside, PVDF50–0.3
showed the highest rejection dextran value among
PVDF/PVC/F-MWCNTs membranes. The results also
showed that F-MWCNTs had a positive effect on the
antifouling properties of the as-prepared mix matrix
membranes.
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