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ABSTRACT 

Adsorptive electrospun nanofiber membranes have received remarkable attention as it could 

provide a great solution for the removal of organic contaminants in wastewater. However, the 

mechanical properties of nanofiber have limited their use in the pressure-driven filtration 

applications. In this study a dual-layered MoS2/PAN adsorptive photocatalytic membrane was 

successfully fabricated using molybdenum disulphide/polyacrylonitrile (MoS2/PAN) 

nanofiber coated porous cellulose acetate (CA) membranes. Flat sheet-CA membrane was first 

fabricated via phase inversion technique and subsequently coated with MoS2/PAN nanofiber 

via electrospinning technique. Hot-press treatment was also applied on this dual-layered 

membrane to form stronger attachment between CA layer and MoS2/PAN nanofiber layer. 

The physicochemical properties of the fabricated membranes were characterised using 

scanning electron microscopy (SEM), water contact angle (WCA) and porosity analysis, as 

well as tensile strength test. The membrane separation performance of the fabricated nanofiber 

membranes was evaluated in term of water flux and contaminant rejection using self-

assembled cross-flow filtration system. The MoS2/PAN-CA membrane demonstrated 

improved physicochemical and structural properties where WAC, porosity and mechanical 

strength increased up to 38% (44.0°), 25% (55%) and 56% (4.62 MPa), respectively as 

compared to CA membrane. Upon hot-pressed treatment at temperature 120 °C, pure water 

flux of MoS2/PAN-CA membrane improved significantly at 36.3 Lm-2h-1. Based on the results 



obtained, it is possible to highlight this adsorptive-photocatalytic MoS2/PAN-CA membrane 

as a promising candidate for effective treatment of organic micropollutants.  
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1. Introduction 

Water pollution by organic pollutants has become a serious worldwide concern as it 

causes many harmful effects to the aquatic ecosystem and human health. The most typical 

organic pollutants that found in water and wastewater effluent are organic dyes and pesticides 

[1]. With the increasing of industrial activities which contribute to the destruction of water 

resource, it becomes urgent to develop an efficient treatment to eliminate the organic 

pollutants. Numerous treatment strategies have been applied including ion exchange, 

electrochemical reduction, chemical precipitation, adsorption and photocatalytic degradation. 

Among these approaches, photocatalytic degradation is regard as the most effective method 

to remove wide range of organic pollutants [2]. However, an additional cost and separation 

step like centrifugation is required in order to remove photocatalyst out from the system [3,4].   

Fortunately, membrane separation technology provides a one-step treatment procedure, 

and has been considered as a new promising alternative for the removal of organic 

contaminants [5,6]. Presently, nanofiber membranes have been attracted growing attention 

because of their unique features such as large specific surface area, interconnected pores, 

flexible and high porosity [7]. Electrospinning has emerged as the most versatile technique to 

produce nanofiber with controllable diameters from nanometers to several micrometers [7,8]. 

Due to their unique properties, electrospun nanofiber membrane (ENM) was tremendously 

used for photocatalyst interphase to regenerate the spent photocatalysts hence overcome the 

limitation of photocatalytic process [9]. Polyacrylonitrile (PAN) polymer is one of the most 

common synthetic polymers that has been used as photocatalytic substrate during 

electrospinning [10]. PAN was categorized under non-toxic synthetic polymer which has low 

cost and provide excellent properties in terms of thermal stability, solvent resistance, 

environmental stable and small interfibrous pore size [3,11]. Moreover, PAN has high 

resistance towards UV light which make them applicable in photocatalytic degradation [12].  

Recently, molybdenum disulfide (MoS2) which categorised under photocatalytic 

nanomaterial group have received widespread attention in organic contaminants removal 



recently due to their high electron conductivity, large surface area and rich of active sites [13–

15]. Furthermore, MoS2 has a satisfactory bandgap approximately 1.96 eV, which makes it as 

potential candidate for removing organic pollutants especially under UV light irradiation [16]. 

Theoretically, the S-Mo-S layer structure of MoS2 sheet put S exposed on the surface, which 

provides high number of active sites for affinity adsorption [17,18]. The negatively charged 

surface of MoS2 could enhance the adsorption or organic pollutant that have positively 

charged ions. Several researchers have proven the effectiveness of MoS2 embedded in a solid 

matrix substrate for the removal of organic pollutants including methylene blue [19–21], 

rhodmine B[22], pyridine[23] and endocrine [24]. For instance, Zhao et al., [25] reported that 

the deposition of MoS2 and polydopamine on ultrafiltration membrane can achieved 99 % 

rejection of methylene blue [19]. What is more, the incorporation MoS2 into nanofiber 

membranes demonstrate excellent removal of organic pollutant even after third cycle of 

adsorption and desorption process [22]. 

Nevertheless, the development of MoS2 embedded into nanofiber membrane for 

photocatalytic ENM still needs to be improved as the mechanical stability of ENM in pressure 

driven system is not satisfactory [26]. In addition, most of the previous works only focus on 

the fabrication and modification of photocatalytic membrane. There was very limited reported 

attempt to enhance the mechanical strength of photocatalytic ENM via coating assisted hot-

press treatment technique. In this regard, this paper explored the potential of CA membrane 

as supporting layer for adsorptive photocatalytic MoS2/PAN nanofiber due to their high 

mechanical strength, chemical resistance, low cost and bio-friendly [27,28]. The effect of hot 

press treatment at various temperature on the MoS2/PAN nanofiber and CA membrane was 

investigate in order to achieve the most durable ENM. In addition, the characterization and 

analysis of morphology, water contact angle, porosity, tensile strength and water flux 

performance were also conducted and discussed thoroughly.  

2. Methodology 

2.1  Materials 

Cellulose acetate (CA, MW= 30, 000 g/mol), Polyacrylonitrile (PAN, MW=150,000 

g/mol was used as polymer material for the preparation of composite membrane. Commercial 

molybdenum disulfide (MoS2) powder with purity > 99% was used to synthesis MoS2 

nanofiber. N,N-dimethylformamide (DMF,_99%), was selected to be used as the solvent in 

preparation of nanofibrous composite membrane. All the chemicals were purchased from 



Sigma Aldrich without further purification.  

 

2.2  Fabrication of CA membrane  

13g of CA powder was weighed and dissolved in 87g of DMF solvent at 27 °C for 24 

hours. As CA completely dissolved and obtained a clear solution, the solution was degassed 

for 2h in ultrasonic bath in order to ensure there is no air bubbles in the solution. Then, the 

13wt% CA solution was casted on a glass plate using glass rod. Consequently, the glass plate 

with casted CA solution was immersed in water bath at 25 °C, where the DMF and (water) 

can be exchange. After the phase inversion completed, the CA membrane was dried at room 

temperature for 24 hours before use. 

 

2.3  Fabrication of nanofibers and nanofibers coated CA membrane  

  Initially, pure 10 wt.% PAN dope solution for electrospinning process was prepared 

as the control. On the other hand, MoS2/PAN dope solution was prepared by mixing 1.9 wt.% 

MoS2 in DMF and PAN. In detail, commercialized 2D MoS2 was firstly dispersed into DMF 

and sonicate for 2 h. After that, PAN was added into the exfoliated MoS2. The prepared PAN 

and MoS2/PAN dope solutions were drawn directly on CA membrane using electrospinning 

technique. Typically, the spinning solution was filled in a plastic syringe before setting up the 

electrospinning parameters condition. The distance of the tip needle and ground collector was 

set at 18 cm and the rotating speed was constant at 180 rpm. Afterwards, the prepared solution 

was electrospun at 15 kV and feed flow rate of 1.0 ml/hr using 21G metallic needle.  All the 

experiments were conducted at ambient temperature. Subsequently, the obtained PAN-CA 

membrane and MoS2/PAN-CA membrane were dried for 24 hours at room temperature. 

Additionally, PAN nanofiber and MoS2/PAN nanofibers without CA membrane layer were 

also fabricated using similar steps to distinguish their properties with the coated membrane. 

 

2.3  Hot-pressed treatment 

The dried composite of PAN-CA membrane and MoS2/PAN-CA membrane was hot-

pressed for 180 seconds. To investigate the suitable temperature for good attachment between 

nanofiber and flat-sheet membrane, the temperature for hot-press treatment of PAN-CA 

membrane and MoS2/PAN-CA membrane was adjusted at two different degree (90 ℃ and 120 

℃). The fabricated membrane with 90 ℃ hot-press treatment was briefly called as PAN-



CA@90 membrane. The overall process for MoS2/PAN-CA membrane was illustrated in 

Figure 1.  

 

Figure 1: Schematic illustration for preparation step for MoS2/PAN-CA membrane via phase 
inversion and electrospinning with hot-pressed treatment 

 
2.5 Characterization of fabricated membranes 
 

The top surface and cross-section morphologies of the fabricated membranes were 

observed by a Scanning Electron Microscope (Hitachi SU8020). All the membrane samples 

were snapped under liquid nitrogen for cross-sectional imaging. Then, the membranes were 

coated with a gold thin film. The membranes porosity was determined by dry-wet technique. 

The contact angle measurement was captured by contact angle meters at three different 

locations in order to minimize experimental error. The probe liquid used in contact angle 

measurement was de-ionized water. Before proceed with tensile test, the membrane thickness 

of the fabricated membrane was measured using micrometre screw gauge and was cut into the 

size of 60mm and 10mm. The tensile property of membrane was tested on a Shimadzu tensile 



tester (ASTM D 882) at ambient temperature. The tensile stress and strain parameters of 

membrane were performed two times to get an average data.  

 

2.6 Water flux performance 

The performance of CA membrane and MoS2/PAN-CA membrane in terms of water 

flux was performed using a cross-flow filtration setup as shown in Figure 2. 1000 ml distilled 

water will pass through a 47mm of the fabricated membrane at a transmembrane pressure of 

1 bar. The feed pure water solution was recirculated for at least 3 times to obtain accurate 

reading. The water flux was calculated using Equation 1 [29]. 

𝑊௙ =
௏

஺ ∆௧
                                                                  (1)  

 

where Wf is the water flux (L·m-2·h-1), V is the volume (L) of the feed solution, A is the area 

(m2) of the membrane, and t is the time (h).  

 

 

Figure 2: Schematic diagram of experimental setup for cross-flow filtration 

 

3. Results and Discussion 

3.1 Scanning Electron Microscopy 

Scanning electron microscopy (SEM) was conducted to observed the nanofibers and 

polymeric skin membrane structure [30]. The SEM image of PAN nanofiber and MoS2/PAN 



nanofiber in dual magnification (1000k and 6000k) were shown in Figure 3.a)-d). As seen in 

Figure 3.a and b, PAN nanofiber presented a smooth, overlapping and uniform distribution of 

ultra-fine nanofiber, which presents a proper and successful electrospinning process. 

Generally, the overlapping structure of nanofiber represented the formation of interconnected 

pores [31]. However, the surface smoothness of PAN nanofiber was changed when 1.9 wt% 

exfoliated MoS2 was added in 10 wt% PAN dope solution. In particular, a small amount of 

agglomerated MoS2 was seen on the MoS2 nanofiber surface as shown in Figure 3.b) and d). 

Yet, the composite nanofiber also displays an even pore diameter distribution, suggesting the 

incorporation of MoS2 in the fabricated MoS2/PAN nanofiber is uniform.  

Theoretically, the agglomeration of MoS2 was due to the high surface energy of the 

stacked layers of exfoliated MoS2, which can act as driving force for crystal growth on the 

fiber surface [32,33].  Besides that, the incorporation of MoS2 sheets also give a significant 

effect to the size of fiber diameter. The diameter of nanofibers was drastically increase from 

594nm to 1020nm as MoS2 were beneath on PAN nanofiber surface. Similar observation was 

reported on few past studies such as the incorporation of graphene oxide into PAN polymer 

solution for nanofiber formation via electrospinning was resulted to the increasing fiber 

diameter from 475 ± 53 nm to 1356 ± 267 nm [34]. Moreover, the loading of zeolite 

nanomaterials also reported have extremely changed the diameter of electrospun PVA 

nanofibers [35]. This phenomenon was mainly due to the changes in electrical conductivity 

and viscosity of polymer solutions that can attributed to the larger jet stretching [11].  

 



 

Figure 3: a) and b) Low and high magnification SEM images of PAN nanofiber, c) and d) 
Low and high magnification SEM images of MoS2/PAN nanofiber.  
 

Furthermore, the top surface and cross section of CA membrane, PAN-CA@90 

membrane, PAN-CA membrane and MoS2/PAN-CA membrane were also evaluated. The 

surface and cross-section image of CA membrane as support layer for nanofibers was shown 

in Figure 4.a) and b). Similar to other reported study [36], the fabricated CA membrane via 

phase inversion technique presented an asymmetric structure that consists of thin porous skin 

layer at the top surface and porous cross section with some macrovoids, which can provide a 

good mechanical strength for nanofibers. Figure 4.c) and d) showed the morphology of the 

fabricated PAN-CA@90 membrane. After being hot-pressed at 90℃, the roughness of PAN 

nanofiber was reduced without any substantial deformations. However, the cross section of 

the fabricated membrane clearly presented a severe detachment between CA membrane and 

PAN nanofiber. In comparison, the fabricated PAN-CA membrane displayed more rigid 

structure and attachment. The good attachment between substrate and nanofiber must be 

prioritize to prevent membrane from breakage. Hence, the hot pressed temperature for 

development of dual layered adsorptive photocatalytic MoS2/PAN membrane was fixed at 

120 ℃ and its surface morphology was shown in Figure 4.g) and h). From the Figure, it was 

observed that the fabricated MoS2/PAN-CA membrane have higher surface roughness 

compared to the PAN-CA  membrane This is due to the immobilization of MoS2 

nanomaterials. Even so, the successful immobilization of MoS2 was expected can provide high 

affinity adsorption and photocatalytic degradation towards organic pollutants.  



 

 

Figure 2: Top surface and cross section SEM micrographs a and b) CA membrane c and d) 
PAN-CA@90℃ membrane e and f) PAN-CA membrane g and h) MoS2/PAN-CA membrane. 

 

 

 

Cross-section Top surface 



3.4 Contact angle 

Water contact angles for various fabricated membrane were presented in Figure 5. The 

contact angle of CA membrane was observed at 70.8°. This proved the hydrophilicity of 

asymmetric CA membrane by phase inversion. On the other hand, PAN nanofiber 

demonstrated hydrophobic characteristics with contact angle of 126.2°. The high 

hydrophobicity of nanofiber was due to the overlapping of nanofibers, which results in low 

contact area between nanofiber and water [37]. The contact angle of MoS2/PAN nanofiber 

was slightly higher compared to the PAN nanofiber. The increase of hydrophobicity was 

mainly due to the incorporation of MoS2 nanomaterials. Nevertheless, as fabricated nanofiber 

were coat on CA membrane subsequent with hot-press treatment, the hydrophobicity of PAN- 

CA membrane and MoS2/PAN-CA membrane were extremely reduced and changed into the 

hydrophilic nature. Similar result was reported by Shahidul et al., [38] which found the hot-

press membrane exhibited high hydrophilicity [38]. The low water contact angle for both hot-

press membrane sample was due to the dense structure of composite membrane after being 

merge together [39]. Thus, it was expected that the contact angle of composite membrane will 

further decreases as the temperature of hot-pressed increases. However, it may minimize the 

direct contact of MoS2 with organic pollutants.  

 

Figure 3: Contact angle analysis on different types of fabricated membranes. 



3.5 Membrane porosity  

The porosities of the fabricated membranes were calculated and summarized in Figure 

6. The bar graph below showed that PAN nanofiber and MoS2 nanofiber demonstrated higher 

porosity compared to CA membrane due to the existence of overlapping nanofiber structure. 

Nevertheless, the porosity of dual layered composite membranes were decreased after hot 

pressed-treatment as the pressure and temperature from hot-pressing treatment attributed to 

the increasing of nanofiber packing density and firmness, hence reduced the membrane 

porosity [40]. 

 

 

Figure 4: Percentage of membrane porosity on different types of fabricated membranes. 

 
3.6 Tensile test 

To further verified the firmness of the composite membrane after hot-pressed 

treatment, tensile test was performed. Figure 7 displays the tensile strength for CA membrane 

and MoS2/PAN-CA membrane. It was clearly observed that the tensile strength of MoS2/PAN- 

CA membrane was comparatively higher than CA membrane. The improvement in the tensile 

strength of the composite membrane was commonly due to the synergistic effects of CA 

membrane and MoS2/PAN nanofiber [44,45]. The high strength of the adsorptive 

photocatalytic MoS2/PAN-CA membrane was also due to the firm attachment of the 



composite membrane after being hot-pressed. This finding was supported by photograph 

images of MoS2/PAN-CA membrane and MoS2/PAN nanofiber in dry and wet condition as 

depicted in Figure 8. From the Figure, MoS2/PAN-CA membrane was able to maintain its 

mechanical stability in both conditions. On the other hand, uncoated nanofibers, MoS2/PAN 

nanofiber displayed unrigid shape after being immersed with water.   

 

Figure 5: Tensile test analysis result on CA membrane and PAN-CA membrane. 
 

 
Figure 8: Photographs images of a) dry MoS2/PAN nanofiber b) dry MoS2/PAN-CA 

membrane c) wet MoS2/PAN nanofiber d) dry MoS2/PAN-CA membrane. 



3.7 Water flux analysis 

The pure water flux result of the fabricated membrane was depicted in Figure 9. 

Compared to CA membrane, the pure water flux of MoS2/PAN-CA membrane enhanced 

approximately 10% of membrane pure water flux. This pure water flux improvement was in 

tune with the results reported in Figure 5 that revealed the MoS2/PAN-CA membrane 

increased the membrane hydrophilicity. Generally, the membrane with high hydrophilicity 

properties could attract high amount of water molecules during filtration, which can increase 

the water permeation or water flux [41,42].  

 

Figure 9: Water flux analysis on CA membrane and MoS2/PAN-CA membrane. 

 

4. Conclusion 

MoS2/PAN-CA membrane was successfully fabricated by electrospinning coating 

assisted hot-press treatment technique. The morphology and durable properties of the 

fabricated membrane were confirmed by several analysis such as SEM, water contact angle, 

porosity and tensile test. The SEM images of MoS2/PAN-CA membrane displayed a uniform 

and bead-free MoS2/PAN nanofiber whereas CA membrane demonstrated a thin skin layer 

with a porous structure. SEM image suggested that the hot-pressed treatment temperature was 

more favourable at 120℃. The water flux of CA membrane increased from 26% to 36% as it 

coated with hot-press nanofibers during electrospinning. The increment in water flux was due 



to the enhancement of membrane porosity and hydrophilicity. Tensile test result proved that 

MoS2/PAN-CA membrane demonstrated 4.62 MPa tensile strength, which is much higher 

compare to the flat-sheet CA membrane, 2.02 MPa. The successful incorporation of MoS2 and 

the high mechanical properties of the composite membrane was expected can be a potential 

adsorptive photocatalytic membrane for high removal of various organic pollutants in water 

and wastewater.     
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