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Abstract

Adsorptive-photocatalytic electrospun nanofiber membranes have received remarkable attention as they could provide an
excellent solution for the effective treatment of wastewater. However, the mechanical properties of nanofiber have limited
their use in pressure-driven filtration applications. In this study, dual-layered MoS,/PAN-CA adsorptive-photocatalytic-
based membranes have been successfully fabricated using molybdenum disulphide/polyacrylonitrile (MoS,/PAN) nanofiber
coated porous cellulose acetate (CA) membranes. The fabricated CA membranes were coated with electrospun MoS,/PAN
nanofiber via the electrospinning technique. Subsequently, hot-pressed treatment was applied to the fabricated membrane to
form a stronger attachment between the CA and MoS,/PAN nanofiber layers. The physicochemical properties of the fabri-
cated membranes were characterised using scanning electron microscopy (SEM), energy dispersive X-ray (EDX), Fourier
transform infrared spectroscopy (FTIR), thermogravimetric analyzer (TGA), water contact angle (WAC), porosity analysis,
and tensile strength test. In addition, the membrane separation performance of the fabricated nanofiber membranes was
evaluated in terms of water flux and contaminant rejection using a self-assembled cross-flow filtration system. The MoS,/
PAN-CA membrane demonstrated improved physicochemical and structural properties where WAC, porosity and mechanical
strength increased up to 38% (44.0°), 25% (55%) and 26% (32.1 MPa), respectively, as compared to pristine CA membrane.
Upon hot-pressed treatment at a temperature of 120 °C, pure water flux of MoS,/PAN-CA membrane improved by 28% to
36.3 Lm~2 h~'. These improved properties of dual-layered adsorptive-photocatalytic MoS,/PAN-CA membranes recommend
it as a potential membrane material to treat various pollutants in water and wastewater.
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the aquatic ecosystem and human health. The most typi-
cal organic pollutants in water and wastewater effluent are
organic dyes and pesticides [1]. With the increase in indus-
trial activities which contribute to the destruction of water
resources, it becomes urgent to develop an efficient treat-
ment to eliminate organic pollutants. Numerous treatment
strategies have been applied, including ion exchange, elec-
trochemical reduction, chemical precipitation, adsorption
and photocatalytic degradation. Among these approaches,
photocatalytic degradation is the most effective method to
remove a wide range of organic pollutants [2—4]. However,
additional separation processes like centrifugation are often
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required for the method to completely remove photocatalyst
from the whole system after the process is completed [5].
Membrane separation technology provides a one-step
treatment procedure, and it has been considered a new prom-
ising alternative for removing organic contaminants due to
its convenient and cost-effective process [6—8]. On top of
that, nanofiber membranes have received myriad attention
for application in wastewater treatment due to their unique
properties such as large specific surface area, intercon-
nected pores, flexibility and high porosity [9]. Electrospin-
ning has emerged as the most versatile technique to produce
nanofiber with controllable diameters from nanometers to
several micrometres [9, 10]. Due to its unique properties,
electrospun nanofiber membrane (ENM) has been mas-
sively used for photocatalyst interphase to regenerate the
spent photocatalysts, hence overcoming the photocatalytic
process's limitation [11]. Polyacrylonitrile (PAN) polymer
is one of the most common synthetic polymers used as a
photocatalytic substrate during electrospinning [12]. PAN
was categorized under non-toxic synthetic polymer, which
has low cost and provides excellent thermal stability, solvent
resistance, environmental stability, and small interfibrous
pore size [5, 13]. Moreover, PAN has high UV light resist-
ance, which is applicable in photocatalytic degradation [14].
Recently, molybdenum disulfide (MoS,) photocatalysts
have received widespread attention in organic contaminants
removal due to their high electron conductivity, large surface
area, and rich active sites [15—-17]. Furthermore, MoS, has a
narrow bandgap of approximately 1.8 eV, making it a poten-
tial candidate for removing organic pollutants, especially
under UV light irradiation [18]. Theoretically, the S-Mo-S
layer structure of the MoS, sheet puts S exposed on the sur-
face, which provides a high number of active sites for affinity
adsorption [19, 20]. The negatively charged surface of MoS,
could enhance the adsorption of organic pollutants that have
positively charged ions. Several researchers have proven the
effectiveness of MoS, embedded in a solid matrix substrate
for the removal of organic contaminants, including meth-
ylene blue [21-23], rhodamine B [24], pyridine [25] and
endocrine [26]. For instance, Zhao et al. [27] reported that
the deposition of MoS, and polydopamine on ultrafiltration
membranes could achieve 99% rejection of methylene blue
[21]. Generally, immobilizing the photocatalytic nanofiber
on membrane substrate by physical coating is one of the
effective methods to enhance the membrane filtration per-
formance and fouling issue of the membranes [28, 29]. How-
ever, the strength of attachment between these photocatalytic
nanofiber layers and membrane substrate could be one of the
significant concerns in the fabrication of this membrane.
Cellulose acetate (CA) is the most typical substrate used
for membrane preparation due to its wide availability from
natural sources, high chemical resistance, low cost and high
thermal properties. [30-33]. However, many researchers

indicated the performance of the CA membrane could be
further improved by adding some additives and surface
modifications like blending of polymers, chemical grafting
and coating on the membrane surface [34]. Therefore, this
study aims to enhance the mechanical strength of MoS,/PAN
nanofiber by coating the nanofiber layer on the CA mem-
brane after hot-pressed treatment for water remediation since
it has not yet been reported. Furthermore, hot-pressed treat-
ment at different temperatures on the MoS,/PAN nanofiber
and CA membrane were also investigated and characterised.

Methodology
Materials

Cellulose acetate (CA, MW =30 000 g/mol) and polyacry-
lonitrile (PAN, MW = 150,000 g/mol were used as polymer
material to prepare composite membranes. Commercial
molybdenum disulfide (MoS,) powder with purity > 99%
synthesised MoS, nanofiber. N, N-dimethylformamide
(DMF, 99%), was selected as the solvent in preparing
nanofibrous composite membranes. All the chemicals were
purchased from Sigma Aldrich without further purification.

Fabrication of CA membranes

In this study, CA membranes were fabricated using the phase
inversion technique. A 13 wt% of CA powder was dissolved
in 87 wt% of DMF solvent at 27 °C up until 24 h to form
a homogenous polymer dope solution. Before membrane
casting, the prepared dope solution was degassed for 2 h in
an ultrasonic bath to ensure no air bubbles in the solution.
This is an important step to minimise structural defects on
the membrane [35]. During the membrane casting process,
the prepared dope solution was poured on a glass plate and
immediately, by using a glass rod, the poured dope solution
was spread uniformly to form a sheet layer of CA membrane.
After 60 s, the glass plate was subsequently immersed in the
water bath at 25 °C together to allow the solvent exchange of
DMF and water. Lastly, the casted flat sheet CA membranes
were dried overnight at room temperature.

Fabrication of nanofibers and nanofibers coated CA
membranes

A 10 wt% PAN dope solution for the electrospinning process
was prepared as the control, and in this study, nanofibers
were fabricated using Nanofibers Electrospinning Unit (Pro-
gene Link Sdn. Bhd., NF-1000). First, MoS,/PAN nanofibers
were fabricated by preparing a dope solution containing a
1.9 wt% MoS, in DMF and PAN. Prior to that, MoS, was
exfoliated in dispersing solvent, DMF and further sonicated
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for 2 h. The dope solution was filled in a 10 mL plastic
syringe and placed 18 cm from a ground collector with a
rotating speed of 180 rpm during the electrospinning pro-
cess. The ground collector was wrapped with aluminium
foil to peel the electrospun nanofibers easily. The dope solu-
tion was electrospun under processing conditions of 15 kV
voltage and a 1.0 ml/hr of dope solution flow rate using a
21G metallic needle. Then, the electrospinning process was
conducted under room conditions. To coat CA membranes
with nanofibers, a square CA membrane with a dimension of
15 cm X 15 cm was stuck on the ground collector and further
electrospun directly onto the surface of the CA membrane.
Lastly, the prepared PAN nanofibers coated CA membrane
(PAN-CA membrane), and MoS,/PAN nanofiber coated
CA membrane (MoS,/PAN-CA membrane) were dried for
24 h at room temperature. The electrospun PAN nanofiber
and MoS,/PAN nanofibers without CA membrane support
were also fabricated using similar steps to characterise their
properties. To improve the coating attachment of nanofiber
on the CA membrane, a hot-pressed method according to a
technique by [36] was applied (Fig. 1). The prepared PAN-
CA membranes and MoS,/PAN-CA membranes were hot-
pressed for at least 180 s. During the hot-pressed process,
two different temperatures were applied (90 °C and 120 °C)
to ensure the best temperature for a good nanofiber coating
onto the surface of the CA membrane. The schematic illus-
tration for the complete process for the preparation of the
MoS,/PAN-CA membrane is shown in Fig. 2.

Characterization of fabricated nanofibers
and membranes

The surface morphology of the fabricated membranes was
observed using a scanning electron microscope (SEM)
(Hitachi SU8020). The freeze-fracture method has been used
to prepare cross-sections of membranes for visualization
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Fig. 1 Schematic diagram of hot-pressed method of nanofiber coated
membrane
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using SEM. The membrane samples were fractured by
immersing in liquid nitrogen until the sample was com-
pletely frozen. After that, a sharp scalpel was then cooled in
the bath and quickly used to cut the membranes in one step.
Before scanning, the membranes were fixed with double-
sided carbon tape and coated with a thin platinum layer.
The elemental mappings of the prepared membranes were
observed using an energy dispersive X-ray analyzer (EDX).
Fourier transform infrared spectroscopy (FTIR, Perkin-
Elmer, USA) was used to analyse the membranes' chemical
structure, and the FTIR spectra were recorded at the wave-
number between 600 and 4000 cm. The thermal stability of
the composite membrane was determined using a thermo-
gravimetric analyzer (TGA4000, Perkin Elmer Inc.) under
nitrogen gas at a heating rate of 10 °C/min to 800 °C. The
dry—wet technique was employed to determine the porosity
of membranes. The relative hydrophilicity of the prepared
membrane was determined by the contact angle measure-
ment. The contact angle was measured using the static ses-
sile drop method with a goniometer (Model: OCA 15EC,
Dataphysics), and deionized water was used as the liquid
probe. The tensile strength of nanofiber and flat sheet mem-
brane was evaluated by a material testing machine (H5K-S,
UK) under a crosshead speed of 5.0 mm/min under room
conditions. The tensile specimens were cut into strips 10 mm
wide and 60 mm long, and the gap distance between the
claws was fixed at 50 mm before the testing.

Water flux performance

The performance of the prepared membranes in terms
of water flux was evaluated using a cross-flow filtration
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setup, as shown in Fig. 3. A 47 mm diameter membrane
was tested during the measurement using a 1000 ml dis-
tilled water as feed and transmembrane pressure of 1 bar
for 1.5 h. To calculate its pure water flux permeability,
the permeate was collected every 30 min. The collected
permeate was recycled to the feed tank. The water flux
was calculated using Eq. 1 [37].

Vv
W, = —
I AAt M
where W; is the water flux (L'm™2h7Y), V is the vol-
ume (L) of the feed solution, A is the area (m?) of the

membrane, and t is the time (h).

Results and Discussion

Structural and physicochemical of the prepared
nanofibers and membranes

The SEM images of PAN nanofiber and MoS,/PAN
nanofiber are shown in Fig. 4a—d, respectively. As shown in
Figs. 4a and b, PAN nanofiber presents a straight, smooth
and uniform distribution of fine nanofiber, which explains
a proper and successful electrospinning process. On top of
that, the nanofiber also displayed an overlapping nanofiber
structure and formed interconnected pores [38]. Upon incor-
porating exfoliated MoS, into PAN nanofiber, the nanofiber
structure is still maintained straight and smooth with a
uniform distribution of exfoliated MoS, on the nanofiber
surface.

Fig.3 Schematic diagram of the
experimental setup for cross-
flow filtration

’ Membrane module

Feed water !
Pressure Membrane
Feed tank Diaphragm gauge
pump

Fig.4 SEM micrographs of (a)
and (b) PAN nanofiber and (c)
and (d) MoS,/PAN nanofiber

}

Permeate tank
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Incorporation of 1.9 wt% exfoliated MoS, in PAN poly-
mer dope solution successfully produced electrospun MoS,/
PAN nanofiber with uniform distribution of MoS, suggest-
ing the compatibility of MoS, and PAN Figs. 4b—d. As a
result, the diameter of nanofibers was drastically increased
from 594 to 1020 nm as MoS, was beneath the PAN
nanofiber surface. Besides that, the open pore size of MoS,/
PAN nanofiber also increased compared to pristine PAN
nanofiber. A similar observation was reported in previous
literature, mentioning that incorporating graphene oxide into
PAN nanofiber via electrospinning resulted in increased fiber
diameter from 475 + 53 to 1356 +267 nm [39]. Moreover, a
study by Rad et al., [40] also mentioned that the loading of

Fig.5 Surface and cross-section
SEM micrographs of (a) and
(b) CA membrane, (c¢) and (d),
PAN-CA @90 membrane, (e)
and (f) PAN-CA membrane, (g)
and (h) MoS,/PAN-CA@120
membrane

zeolite nanomaterials also significantly changed the diam-
eter of electrospun PVA nanofibers. The enlargement of
nanofiber size was due to the changes in polymer solutions’
electrical conductivity and viscosity attributed to the more
powerful jet stretching [13].

Figures 5a and b show surface and cross-section SEM
images of the prepared membrane samples. The images
demonstrated that the CA membrane had scattered macropo-
res on the membrane surface and macrovoids approxi-
mately ~50 pm in size. This finding also agrees with the
previous study reported by Pandele et al., [41], that fabri-
cated CA membrane via phase inversion technique and the
resulted membrane has a thin porous skin layer at the top

e

e fﬂoﬂ.m"r
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surface and porous cross-section with some macrovoids. On
the other hand, Figs. 5¢ and d shows the morphology of the
fabricated PAN-CA @90 membrane. Upon hot-pressed at
90 °C, the roughness of PAN nanofiber was reduced without
any substantial deformations. However, the cross-section of
the fabricated membrane presented an empty layer between
the CA membrane and PAN nanofiber, which demonstrates
poor attachment with these layers.

On the contrary, as the hot-pressed temperature was
increased to 120 °C, the fabricated PAN-CA @120 mem-
brane displayed a firm attachment between the nanofiber
and membrane substrate (Figs. Se and f). A good attach-
ment between these two layers is vital to prevent the detach-
ment of nanofiber during filtration operation. Therefore, to
improve the membrane properties of the dual-layered MoS,/
PAN-CA membrane, hot-pressed treatment at a temperature
of 120 °C was applied, and the SEM images of the fabri-
cated membrane are shown in the Figs. 5g and h. Overall,
the nanofibers remained straight and uniformed upon the
addition of MoS, and hot-press treatment, indicating the
nanofibers have a good attachment with the CA membrane
without damaging their structural properties. Furthermore,
the images confirmed the incorporation of MoS, in the PAN
nanofiber as the MoS, photocatalyst was seen scattered on
the fibers. The existence of MoS, was also confirmed by the
results of EDX in Fig. 6. The synthesized MoS,/PAN-CA
membrane surface displayed the content of carbon, C (48.6
wt%), nitrogen, N (11.7 wt%), molybdenum, Mo (23.4 wt%)
and Sulphur, S (16.3 wt%). Mo and S have represented the
elements in MoS,, whereas the high percentage of C and N
probably are from PAN polymers. FTIR analysis was further
conducted to verify the functional groups of the MoS,/PAN-
CA membrane.

Figure 7 shows the FTIR spectrum PAN nanofiber,
MoS,/PAN nanofiber, CA membrane, and MoS,/PAN-CA
membrane. The FTIR spectra of PAN nanofibers showed

Intensity (a.u)

P
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Fig.6 EDX spectrum of (a) MoS, powder (b) MoS,/PAN-CA membrane

M
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¢) CA membrane

d) MoS,/PAN-CA membrane

Intensity (a.u)

T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavenumbers (cm™")

Fig.7 FTIR spectrum of (a) PAN nanofiber, (b) MoS,/PAN
nanofiber, (¢) CA membrane, and (d) MoS,/PAN-CA membrane

strong absorption bands at 2245 cm™! and 1445 cm™!, cor-
responding to the stretching vibrations of “C=N and N—H
groups [42]. Meanwhile, the composite MoS,/PAN nanofib-
ers presented a characteristics band at 3327 cm™! after
incorporation of MoS, which is in agreement with previ-
ously reported data on MoS, [43]. The adsorption peaks of
the CA membrane were generally observed in the region
of 1734 cm™' and near 3518 cm™!, corresponding to the
stretching of C=0 bonds [44] and intermolecular hydrogen
bonds of hydroxyl groups (— OH) [45]. In addition, a slight
shift in the absorption peak of OH groups were observed in
the FTIR spectra of the MoS,/PAN-CA membrane. Thus,
these peak characteristics proved the combination peaks of
MoS,/PAN nanofiber and CA membrane.

The thermal analysis profile in Fig. 8 provides informa-
tion on the decomposition temperature of CA and MoS,/
PAN-CA membranes. Based on the TGA profiles, the ther-
mal degradation of CA membrane without a coating layer
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Fig.8 TGA profile of MoS,/PAN nanofiber and CA membrane

occurs approximately at 290 °C. The value is almost similar
to the previously reported study by Lucena et al. [46]. The
addition of MoS,/PAN nanofiber coated on the CA mem-
brane using the hot-pressed technique resulted in increased
thermal degradation of the membrane. Furthermore, the
weight loss on MoS,/PAN-CA membrane was also found to
be 0.2—0.3% lower than the CA membrane. Therefore, ther-
mal stability enhancement is related to MoS,/PAN nanofiber
coating on CA membranes.

Water contact angles (WAC) for the fabricated mem-
branes are presented in Fig. 9. First off, the contact angle
of the CA membrane was observed at 70.8 °, indicating the
hydrophilicity properties of the asymmetric CA membrane
fabricated from the phase inversion method. On the con-
trary, PAN nanofiber demonstrated slight hydrophobic prop-
erties with the contact angle observed at 126.2° due to the
overlapped layers of nanofiber [47] and the rough surface
of nanofibers [37, 48] that resulted in a low contact area

160
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Fig.9 Contact angle analysis on different types of fabricated mem-
branes
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between nanofiber and water. On top of that, the addition of
the MoS, in PAN nanofiber has increased the contact angle
of MoS,/PAN nanofiber.

Nevertheless, upon nanofiber coating on top of the CA
membrane followed by hot-press treatment, the contact
angles for both PAN-CA membrane and MoS,/PAN-CA
membrane reduced significantly and caused the membranes
to have hydrophilic properties. It was plausibly due to the
dense structure of the membrane after hot-press treatment
[49]. Shahidul et al., [50] previously reported a similar result
that hot-pressed membrane exhibited high hydrophilicity.
However, MoS,/PAN-CA membrane has a slightly higher
contact angle than the PAN-CA membrane due to the pore
blockage phenomenon by MoS, which is favourable for
filtration of micropollutants. Nor et al. [36], previously
mentioned that the hot-pressed TiO, nanofiber and PVDF
membrane have caused the TiO, nanofiber to merge and
aggregate with the PVDF matrices, resulting in a decreased
hydrophilicity.

Membrane Porosity

Figure 10 shows the porosity (%) for the prepared nanofibers
and membranes. PAN nanofiber and MoS, nanofiber dem-
onstrated a higher percentage of porosity at 84% and 70%,
respectively, compared to pristine CA membrane (30%) due
to the mesh structure of the nanofibers. However, the poros-
ity of the hot-pressed nanofibers coated CA membrane was
found lower at 58% (PAN-CA membrane) and 55% (MoS,/
PAN-CA membrane), respectively. These porosities were
reduced due to compression and collapse of membrane pores
induced by pressure and temperature from hot-pressed and
subsequently reduced the membrane porosity [51]. Further-
more, a hot-pressed technique enhanced the adherence of
MoS,/PAN nanofibers to the CA membrane, resulting in
low porosity and smaller pore size distribution. The smaller

MoS,/PAN-CA
membrane

PAN-CA
membrane

MoS,/PAN
nanofiber

PAN
nanofiber

CA membrane|

0 20 40 60 80 100
Membrane porosity (%)

Fig. 10 Membrane porosity (%) of the fabricated membranes
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pore size of MoS,/PAN nanofibers facilitates higher adsorp-
tion of various contaminants in water sources [52]. There-
fore, MoS,/PAN-CA membrane can be regarded as a highly
potential photocatalytic adsorbent that can efficiently remove
pollutants from the contaminated water source.

Tensile test measurement

A tensile test was conducted to evaluate the tensile strength
of the prepared MoS,/PAN-CA and pristine CA membranes.
ASTM 882 standard was used to determine the tensile
strength of the CA membrane and MoS,/PAN-CA mem-
brane. Meanwhile, ASTM D638 was used for MoS,/PAN
nanofiber samples. Tensile strength is one of the important
mechanical properties to ensure the robustness of the mem-
branes. Based on Fig. 11, it was observed that the tensile
strength of the pristine CA membrane is higher (23.9 MPa)
as compared to the MoS,/PAN nanofiber (5.0 MPa), and this
result is consistent with previously reported studies on CA
membrane [31] and PAN nanofibers [53]. However, when
hot-pressed was applied, the tensile strength was enhanced
by approximately 32.10 MPa for MoS,/PAN-CA membrane.
The improvement was due to the successful coating of MoS,/
PAN nanofiber and its strong attachment to the surface of
the CA membrane. On top of that, the hot-pressed treatment
applied had caused the structure of this dual-layers mem-
brane to become more compact and have stronger attach-
ment in between layers. These findings align with a previous
study that reported the tensile strength and yield stress of
nanofiber membranes with hot-pressed treatment improved
by 203% and 313% compared to pristine nanofibers samples
[54]. In addition, the photograph images shown in Fig. 11
demonstrated that MoS,/PAN-CA membrane could retain a
firm structure and mechanical stability in both dry and wet
conditions compared to MoS,/PAN nanofiber. (Fig. 12).

40

35

30

25

20

Tensile strength (MPa)

MoS,/PAN CA membrane

nanofiber

MoS,/PAN-CA
membrane

Fig. 11 Analysis of tensile test on CA membrane and MoS,/PAN-CA
membrane

c d 3
Fig. 12 Photographs images of (a) dry MoS,/PAN nanofiber, (b) dry

MoS,/PAN-CA membrane, (¢) wet MoS,/PAN nanofiber and (d) dry
MoS,/PAN-CA membrane

Pure water flux measurement

The pure water flux measurement was conducted to evalu-
ate the performance of the fabricated CA and MoS,/PAN-
CA membranes in terms of pure water flux. As shown in
Fig. 13, the pure water flux of CA membranes was obtained
at 36.31 Lm~2 h.™!, which increased 28% upon coating with
MoS,/PAN nanofibers. This is possibly due to the uniform
nanofiber and porous structure of the MoS,/PAN nanofiber
that enhanced the water permeation through the membrane
[37, 55, 56]. On top of that, the unique layer structure of
MoS, with the S chemical component exposed on the mem-
brane surface provides a high number of active sites for
strong affinity with water molecules. Besides that, the porous
structure of nanofiber coating enhances the adsorption, thus

Water flux (L.m?h™")

CA membrane

MoS,/PAN-CA membrane

Fig. 13 Water flux analysis on CA membrane and MoS,/PAN-CA
membrane
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becoming the contributing factor to the enhancement of pure
water flux. On the contrary, the hot-pressed treatment on the
CA membrane has changed its structure to become denser,
which plausibly caused the lower pure water flux of CA
membranes compared to MoS,/PAN-CA membranes. This
denser structure of the membrane also owned a smaller mean
pore size and lowered pure water flux [55, 56]

Conclusion

MoS,/PAN-CA membranes were successfully fabricated by
coating the electrospun MoS,/PAN nanofiber onto flat sheet
CA membranes. Besides that, hot-pressed treatment was also
applied to enhance the attachment of the MoS,/PAN on the
membrane substrate. The SEM images of the MoS,/PAN-CA
membrane displayed a straight, uniform nanofiber diameter
and excellent distribution of exfoliated MoS, in the PAN
nanofiber, which is favourable to improving the surface
structure of CA membranes which own macrovoids. On top
of that, hot-pressed treatment at the temperature of 120 °C
has also resulted in MoS,/PAN-CA membrane improv-
ing the morphological structure with a strong attachment
of both nanofiber layers and CA membrane support. The
tensile test confirms the improved mechanical strength of
the MoS,/PAN-CA membrane that demonstrated 32.1 MPa
tensile strength, which doubled the strength of the CA mem-
brane. MoS,/PAN nanofiber coating on the CA membrane
facilitates the higher pure water of the membrane due to the
uniform and porous nanofiber structure and high affinity of
MoS, towards the adsorption of water molecules. The pure
water flux has increased up to 28% upon coating MoS,/PAN
nanofiber on the membrane. These improved properties of
dual-layered adsorptive-photocatalytic MoS,/PAN-CA
membrane recommend it as a potential membrane material
to treat various pollutants in water and wastewater.
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