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• PVDF nanocomposite membranes was successfully fabricated by 
incorporating ZIF-8 and MWCNT nanoparticles.

• ZIF-8 was successfully synthesized by detection of hexagonal-shaped.
• Nanocomposites particles improved the membrane morphologies and 

hydrophilicity. 
• Pure water flux and filtration performance of modified membranes are 

higher than pristine membrane.
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1. Introduction

There has been an explosive growth of interest in the development of 
anti-fouling membranes based on nanoparticles. Membrane fouling is one of 
the daunting challenges facing by many researchers in membrane separation 
process. Theoretically, the membrane fouling arises when the membrane 
surface interacts with the feed water, which contained natural organic 
matters like humic acid and sodium alginate [1]. Moreover, it was reported 
that membrane fouling always occurs during the separation process due to 

the bacterial adhesion, solute adhesion and cake layer formation on the 
membrane surfaces [2]. These can lead to reduction in the permeate flux and 
decrease in solute rejection. Therefore, the operation and maintenance cost 
can be influenced, as well. 

The membrane fouling also deteriorates the membrane flux as the 
foulant adhered to the membrane surface and a thick layer of film (cake 
layer) is formed and affects the membrane lifespan as well as the membrane 
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The incorporation of nanoparticles into a polymer membrane has been an attractive option to minimize the membrane fouling. Polyvinylidene fluoride (PVDF) nanocomposite 
membranes incorporated with multi-walled carbon nanotubes (MWCNTs) and zeolitic imidazolate framework-8 (ZIF-8) was prepared in this work via the blending method. The 
impact of the concentration of inorganic additives (0.1 wt.%, 0.3 wt.% and 0.5 wt.%) on the membrane properties was studied. The prepared membranes were characterized using 
scanning electron microscopy-energy dispersive X-ray spectrometry (SEM-EDX) and goniometer to investigate changes in membrane properties. Water permeability and filtration 
performance test were performed using pure water, bovine serum albumin (BSA) and humic acid (HA) solution to evaluate the fouling resistance of the prepared membranes. Even 
though the permeate fluxes decreased over time, it was found that 0.5 wt.% of ZIF-8 in PVDF membrane produced the highest solute rejection for both HA (>94%) and BSA (>92%) 
as compared with PVDF/MWCNT membranes and pure PVDF membrane. It is concluded that the nanocomposite membranes showed improvement in the membrane hydrophilicity, 
permeability, and solute rejection as compared to the pure PVDF membrane. The anti-fouling properties of nanocomposite membranes was enhanced with higher flux recovery rate 
and lower flux declining rate compared to the pristine PVDF membrane.
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performances [3]. In order to overcome this case, it was reported that silver 

nanoparticles, metal oxide nanoparticles, graphene or graphene-based 

composites could be employed in membrane separation process since they 

exhibited high anti-fouling and surface-enhanced properties [4]. The modified 

membranes have shown an improvement in terms of its morphology, 
hydrophilicity as well as decrease in the bacterial activity on membrane 

surface [5]. These two materials (polymer and nanoparticles) interact with one 

another to form a nanocomposite membrane, which is capable of minimizing 
the membrane fouling [6].   

To date, several carbon-based nanomaterials including carbon nanotubes 

(CNTs) and zeolites (ZIFs) have been discovered and can be applied in the 
membrane processess as anti-fouling agents. The incorporation between 

additives and polymeric material can promote the physicochemical properties 

of the membrane [7]. Improving the membrane filtration performances 
through inorganic additive are crucial as failure to address this issue would 

lead to severe membrane fouling and deteriorate membrane performance over 

time. 
Thus, the incorporation of MWCNTs and ZIF-8 into polyvinylidene 

fluoride (PVDF) polymer matrix via physical blending method will be 

discussed further in this study. The composition of the nanoparticles was 

varied in the range of 0.1– 0.5 wt.% to evaluate the filtration performances of 

the membrane samples. ZIF-8 nanoparticles were chosen because of its 

excellent stability, well-defined pore structure and regularity [8]. Meanwhile, 
MWCNTs show high potential in reducing the membrane fouling due to its 

hydrophilicity and high surface area [9]. The advantages of MWCNTs are 

expected to give a huge effects in improving membrane efficiency. 
 

2. Material and methods 

 

2.1. Chemicals  

 

Polyvinylidene fluoride (PVDF) and N, N- dimethylacetamide (DMAc) 
were purchased from Merck, Malaysia. MWCNTs with >98% carbon, 

polyvinylpyrrolidone (PVP K-30, MW 30,000Da),  zinc nitrate hexahydrate 

(Zn(NO3)2·6H2O), triethylamine (TEA), 2-Methylimidazole (2-MeIM) and 
ZIF-8 were supplied by Sigma-Aldrich. Humic acid and bovine serum 

albumin were purchased from Thermo Fischer Scientific Inc.  

 
2.2.  Synthesization of ZIF-8 

 

ZIF-8 was synthesized according to the procedure described by Nordin et 
al. [10]. The ZIF-8 nanoparticles were synthesized with a mass ratio of 

Zn(NO3)2 : 2-MeIM : H2O in 1 : 6 : 500. For a start, 4 g of zinc nitrate 

hexahydrate was dissolved in 24.22g of deionized water to produce a metal 
salt solution. Then, 6.624g of 2-MeIM was weighted and dissolved in 96.90g 

of deionized water. This mixture was then added 6.0 ml of TEA to produce a 

ligand solution. Both ligand solution and metal salt solution was then mixed 
homogeneously for 30 minutes. The solution was placed in a centrifuge 

machine for 15 minutes and washed with deionized water for complete 

removal of excess reactants. The product was sent for drying process at 
temperature of 60°C for 12 hours. Lastly, the product was manually grounded 

into finer sizes using mortar and pastel before placed into the oven for 
complete removal of water at 110°C for 12 hours. 

 

2.3. Preparation of flat sheet membrane 

 

Firstly, the PVDF dope solutions with the composition of nanoparticles 

were prepared as shown in Table 1. The nanocomposite membrane was 
prepared using PVDF and PVP as the base polymer matrix, DMAc as the 

solvent, and ZIF-8 and MWCNTs nanoparticles as the inorganic additives. 

The preparation of the polymer dope solution was based on procedure 
described by Dong et. al. [11] where the ZIF-8 loading was determined by the 

total solids percentage as stated in Equation 1:  

 
   

(1) 

 

where Mf (g) is a mass of filler in gram while Ms (g) is the mass of polymer in 
gram. First of all, PVDF pellets were weighed and dried in an oven at 60°C 

and left overnight, while the synthesized ZIF-8 was dried at 100°C for at least 

12 hours to remove trapped water. Then, the PVP was weighed and added to 
the DMAc solution. Different amount of ZIF-8 (see Table 1) was added to 

DMAc-PVP solvent and sonicated for 2 hours (34°C) to disperse the ZIF-8 

solvent uniformly. The PVDF pellets were then added to the ZIF-8 
suspension and stirred at uniform speed for 24 hours to obtain homogenous 

solution. For complete removal of air bubbles, the dope solution was then left 

overnight at room temperature before the cast. Another dope solution without 

nano-filler was produced as the control membrane (P0).  

After the preparation of polymer solution, fabrication process of the flat 

sheet membrane was performed. The solution was cast manually on a clean 

glass plate using a casting bar at ambient atmosphere. The cast film was then 

immersed in a water bath for removal of excess solvent and completion of 
phase inversion process. The measured membrane thickness is in the range of 

120-190 μm. Then, the membrane was rinsed, labelled and stored in the 

chiller at 4°C for further use. The same procedures were also used to prepare 
the control sample (P0). 

 

2.4. Membrane characterization 
 

2.4.1. Physicochemical characterization PVDF membrane  

 
Scanning electron microscopy with an energy dispersive X-ray 

spectrometer (SEM-EDX Hitachi TM3030Plus, Japan) was used to analyse 

the PVDF membrane cross sectional structures and its composition. The 
membrane samples were fractured in liquid nitrogen and sputtered with a fine 

layer of gold. Wettability of the membrane were investigated by measuring 

the contact angle of the membrane samples by goniometer.  A fine drop of 

water was placed on the membrane’s surface to measure the contact angle. 

The average value of contact angle was recorded at several position on the 

membrane surface. The ZIF-8 was characterized using transmission electron 
microscope (TEM) at 200 kV to verify its properties in term of physical and 

chemical properties (TECNAI G2 20 Twin).  

 
2.4.2. Pure water flux measurement 

 

The membrane performance was evaluated via pure water permeability 
flux and solute rejection test. A cross-flow ultrafiltration cell (CF042, 

STERLITECH) was used with 42 cm2 membrane surface area and flowrate of 

0.2 L/min was applied. Deionized water was used as a feed water for pure 
water permeability test and a pre-compaction pressure was set at 1.5 bar for 

30 minutes before conducting the experiment at room temperature. The 

operating pressure was maintained at 1.0 bar for 15 minutes to reach a steady 
state. The permeates was taken every 10 minutes and the permeation flux, J, 

was calculated by using Equation 2: 

 

   (2) 

where V represents the total volume of permeate pure water, A for membrane 
area and Δt for time interval. 

 

2.4.3. Filtration test 
 

In this work, the solute rejection tests were performed to understand the 

anti-fouling performance of the membrane samples. Bovine serum albumin 
(BSA) and humic acid (HA) were used as a standard model of natural organic 

matters (NOM) in this study. Since HA solute is part of common organic 

matters found in the surface of water, it has been used to represent the 
common organic matters in this separation process. Moreover, BSA and HA 

can be used as well as to estimate the pore size of the membrane samples 

produced.The procedures and conditions used were similar to the pure water 

permeability test.   

 

 
 

 
Table 1 

Nano-fillers contents in the flat sheet membranes. 

 

No. 

sample 

PVDF 

(wt.%) 

DMAc 

solution 

(wt.%) 

PVP 

(wt.%) 

ZIF-8 

(wt.%) 

MWCNT 

(wt.%) 

P0 15.0 84.0 1.0 - - 

Z1 15.0 84.0 1.0 0.1 - 

Z2 15.0 84.0 1.0 0.3 - 

Z3 15.0 84.0 1.0 0.5 - 

M1 15.0 84.0 1.0 - 0.1 

M2 15.0 84.0 1.0 - 0.3 

M3 15.0 84.0 1.0 - 0.5 
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The filtration test was carried out for 2 cycles with total of 120 minutes 

of operational time and the final permeation flux, JP was recorded. The test 

was carried out for each membrane. Then, the fouled membrane was rinsed 

with deionized water for 30 minutes and the flux of cleaned membrane, JR 

was measured. The antifouling properties of the membrane can be evaluated 
through flux recovery ratio (FRR), flux decline rate, Rt and the percentage of 

solute rejection, R as calculated using Equation 3, 4, and 5, respectively: 

 

 (3) 

 

     (4) 

 

   (5) 

 
where J0 is initial flux of each cycle and Cf and CP are the concentration of 

feed solution and permeate solution. HACH DR5000UV-Vis 

Spectrophotometer was used to measure the permeates and feed solution of 

BSA and HA at a wavelength of 254 nm and 280 nm. 

 

 

3. Results and discussion 

 

3.1. Characterization of ZIF-8 
 

ZIF-8 nanoparticles were employed in this study as the inorganic 

additives incorporated into PVDF solution dope to investigate its anti-fouling 
ability. The ZIF-8 was synthesized and characterized via TEM analysis to 

confirm their shape and particle sizes before preparing the dope solutions. 

Figure 1 depicted several images of TEM analysis on synthesized ZIF-8 at 
various magnifications. From the observation, it was found that the 

synthesized ZIF-8 produced a well-defined hexagonal structures with particle 

sizes of 140 to 160 nm. This result was in good agreement with Nordin et al. 
[10,12] as they reported the size of the particles was around 134 nm. The 

presence of TEA loadings might slightly affect the particle sizes of the 

synthesized ZIF-8. 

 

Structural defects was observed on the particles surfaces of synthesized 

ZIF-8 as shown in red circle in Figure 1(A). Since other parameters such as 
temperature, method of synthesis, mixing rate, reaction rate and their control 

were kept constant, these structural defects can be related to the fast crystal 

formation. The crystals irregularities could be induced by crystal shearing as 
the solution concentration increased [12]. Therefore, it is reasonable to 

deduce that the rapid crystal formation resulted from highly concentrated 

synthesis solution, and the crystal irregularities resulted from the addition of 
TEA.  

 

3.2. Membrane morphology analysis 
 

Cross-sectional structure of pristine PVDF membrane, PVDF/ZIF-8 and 

PVDF/MWCNT membranes were depicted in Figure 2. It was observed that 
the morphologies for all nanocomposite membranes were completely 

different from the pristine membrane. A more porous and spongy structure 

was observed for the nanocomposite membrane while the pristine membrane 

exhibited more compact and denser structure. This was due to the rapid 

liquid-liquid phase change that occurred as a result of instability of process 

thermodynamic. This result was further supported by Alpatova et al. [13] in 
which during the membrane formation, the addition of nano-fillers caused 

declination of the system thermodynamic stability and led to rapid mass 

transformation with formation of more porous structures. 
Upon addition of zeolite materials, the cross-section morphology of the 

membranes became more porous than the pristine membrane. It was observed 

that narrow finger-like structures was produced by Z1, Z2, Z3, and M1 
membranes while larger macro-voids was observed for M2 and M3 

membranes. This may due to the high diffusion rate of solven-nonsolvent 

exchange during the fabrication process, which attributed to the larger pore 
size and more sponge-like structures. Bottino et al. [14] supported this 

statement as they observed an asymmetric structure with a selective thin 

microporous layer and finger-like cavities on a hybrid membranes. This could 
be related to the high mutual diffusivity of solvent and water during the 

fabrication process of membrane. 

In Figure 2, when 0.1 wt% ZIF-8 content was added, nanocomposite 

membrane revealed larger finger-like structures  and the finger-like became 

narrower and more sponge-like as the concentration of nanoparticle increases. 

In addition, the SEM results showed that the structure on the top layer of the 
membranes became more compact when the concentration of ZIF-8 was 

added to 0.3 wt.% and 0.5 wt.%. The result was in good agreement with 

Ibrahim et al [15] as they found that the membrane structure was more 
compact upon addition of 2–8 wt% of ZIF-8 nanoparticles as a result of 

reduced solvent nonsolvent exchange rate. Taurozzi et al. [16] also reported 

that the increase in polymer solution viscosity due to the presence of ZIF-8 
nanoparticles could slow down the phase separation process, reducing 

membrane pore size. 

From the SEM analysis, it was found that PVDF/MWCNT membranes 
produced more porous structure compared to other PVDF membranes. A 

smaller pores were spotted on the upper layer of nanocomposite membranes 

while larger pores were formed at the bottom layer. This may be due to the 
mass transformation between solvent and water was alleviated by MWCNTs 

during the phase inversion process. This is in agreement with Silva et al. [17] 

in which they found that membranes fabricated with 0.2-0.5 wt% of MWCNT 
presented the sponger-like pores with increased nanoparticles concentration. 

The author also concluded that the macrovoids structure formed in the hybrid 

membranes was influenced by the oxygen functional groups that interacted 
with the polymer chains. 

Additionally, MWCNTs is well-known as one of the hydrophilic 

materials as they contained high oxygen-functional groups that accelerated 
the diffusion rate between the solvent and non-solvent during the fabrication 

process. Therefore, larger pore channels were formed due to the rapid liquid-

liquid phase separation process. This could affect the membrane permeability 
which was observed from the increment in membrane pores size as agreed by 

Yu et al. [18]. Relatively, as the contents of nanoparticles escalate, membrane 

pore sizes tend to increase which could be related to increases in membranes 
permeability of the MWCNTs. It was found that the M3 membrane produced 

the largest macro-voids which led to high water flux. 

 

 

 

 
 

    (A)             (B) 

 
Fig. 1.  Synthesized ZIF-8 images at different magnifications via TEM; (A) scale of 100 nm and (B) scale of 50 nm. 
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Fig. 2.  SEM images of cross section of all membranes; P0 (Pure PVDF); Z1, Z2, Z3 (0.1 wt.%, 0.3 wt.%, 0.5 wt.% ZIF-8); M1, M2, M3 

(0.1 wt.%, 0.3 wt.%, 0.5 wt.% MWCNTs). 

 
 

 

3.3. Energy dispersive X-ray spectrometry analysis 
 

Table 2 illustrates a quantitative elements which may presented on the 

surface of PVDF membranes. The presence of main elements such as C and F 
in the data represented the carbon and fluorine in PVDF polymer. The 

quantitative analysis of PVDF/ZIF-8 membranes showed the presence of zinc 

(Zn), confirming the ZIF-8 nanoparticles was successfully embbedded in the 

nanocomposite membrane. It can be said that the zinc element was fully-
distributed on the membrane matrix as proven by the value of Zn loading on 

the membrane surface. For instance, Z2 membrane sample contains 0.278 

wt% of Zn, which in good agreement with the calculated filler loading (using 
Equation 1) with 0.299 wt.% of Zn loading. This would imply that the ZIF-8 

nanoparticles were thoroughly dispersed in the polymer solution during 

membrane fabrication process. This result was in accordance with Nordin et 

Z1 

Z2 

Z3 

M1 

M2 

M3 

P0 
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al. [10] where they reported that the zinc elements were well scattered 

throughout their membrane samples.   
The new elemental zinc, oxygen and aluminium found in the membrane 

matrix other than of C and F, were from ZIF-8 and MWCNT, respectively. In 

this work, MWCNT was mainly consisted of elements C, O, H with > 98% 
carbon basis. Another 2% of the elements that may be found in the CNT was 

aluminium (Al) from Al2O3 electrode substrate. As indicated in Table 2, the 

carbon loading increased in accordance to the addition of MWCNT indicating 
that it has fully dissolved in the polymer matrix and the presence high oxygen 

element verified the existence of CNTs in the membrane matrix. 

 
3.4. Contact angle analysis 

 

The average contact angle values for PVDF membrane was tabulated in 
Table 3. The pristine membrane showed a lower contact angle of 77.81° 

despite of ~85.20° due to addition of 1 wt.% of PVP in the polymer solution, 

making the membrane more hydrophilic [19]. In comparison, the 
nanocomposite membranes tend to be more porous and spongier upon 

addition of nanoparticles concentration, as illustrated in Figure 2.  

The results showed  an improvement in the membrane hydrophilicity 

upon the addition of ZIF-8 and MWCNT nanoparticles into the membrane 

matrix. This can be explained by the incorporation of nano-filler which act as 

a pore-enhancing agent owing to the hindrance effect to enhance the pore size 
and porosity of the membrane with the increase in velocity of solvent inter-

diffusion, as confirmed by Kim et al. [20]. In addition, the enhanced 

hydrophilicity was also suggested by the polar characteristic of zinc 
nanoparticles and polar functional groups of graphene [21]. 

Results of contact angle values of PVDF membranes showed a 

decreasing  pattern as the concentration of nanoparticles increases. It was 
observed that the PVDF/ZIF-8 membranes have higher contact angle values 

compared to PVDF/MWCNT membranes. This trend occurs due to the nature 

of ZIF-8 which was slightly hydrophobic and caused the nanoparticles to stay 
at the bottom layer of the membrane. It can be noted that the hydrophilicity of 

PVDF/ZIF-8 membrane increases with nanoparticles concentration where the  

recorded contact angle value of membrane Z1 is 66.51°, Z2 (64.41°) and Z3 
(58.23°). The result is supported by Aljundi et al. [22] where the increment in 

ZIF-8 concentration has resulted in decreased contact angles which due to 

slower solvent-nonsolvent exchange rate.  
 

3.5. Pure water permeability 

 
The water flux of nanocomposite membranes was investigated using an 

experimental ultrafiltration system at 1 bar. Figure 3 depicted the results of 

water flux for PVDF membranes.  The pure water flux of PVDF/ZIF-8 
membranes increased (up to 56.96 L/m2.h) in comparison with pristine 

membrane when the content of nanoparticles increases. This showed that a 

small number of nanoparticles was enough to facilitate the permeation flux by 
40%. This is due to the nature of additives used which has improved the 

hydrophilicity of membrane and increased the water permeation fluxes. As 

demonstrated in Table 3, the membrane fluxes were in good agreement with 
contact angle data as the lowest contact angle resulted in the highest water 

flux. This showed that membrane hydrophilicity played a great role in 
promoting the water flux. The same trend also reported by Duan et al. [23] 

when they applied hydrophilic nanoparticles as additives into the polymer 

matrix. The membrane showed an increase in surface hydrophilicity and 

water flux when GO was introduced into the membrane structure.  

 

 
 

 
 
Fig. 3. Pure water flux for all membranes samples at operating pressure (1 bar). 

Table 2 

EDX quantitative analysis of all membranes. 

 

Sample C F Zn O Al 

P0 38.636 49.814 - 4.601 - 

Z1 40.421 49.004 0.078 5.651 - 

Z2 43.790 38.537 0.278 8.105 - 

Z3 34.668 52.311 0.963 4.713 - 

M1 22.601 26.279 - 6.284 2.389 

M2 24.150 16.480 - 7.007 1.334 

M3 44.161 43.460 - 7.476 0.066 

 

 

 
Table 3 

Contact angle of PVDF membranes. 

 

Membrane 
Average 

Values 

Standard 

Deviation 

P0 77.81 ± 0.61 

Z3 66.51 ± 1.04 

Z2 64.35 ± 1.03 

Z1 58.23 ± 0.90 

M1 60.66 ± 1.39 

M2 56.26 ± 0.68 

M3 53.59 ± 0.71 

 
 

 

In addition, the membrane structures played a great impact on the anti-
fouling property and filtration performance. From the SEM images (Figure 2), 

the morphologies of nanocomposite membranes revealed a more porous 

structure as compared to pristine PVDF membrane. This may be due to 
increasing in membrane pores which effectively facilitate the passages of 

water molecules through the membrane. It was reported by Zhao et al. [24]  

that the blended membranes showed a larger pore and inner structures with 
addition of MWCNT, which undoubtedly facilitate the pure water flux. 

Furthermore, Rahimpor et al. [25] stated that addition of nanoparticles as 

additives will increase the permeation flux as the presence of fillers enhance 
the pore channel, whereas high concentration of fillers will reduces the flux 

due to more compact and thicker skin layer as a result of the slower exchange 

rate of solvent-nonsolvent during fabrication process. In addition, Xu and Xu 
[26] reported that the addition of PVP into polymer matrix promoted the 

membrane morphology as enhanced membrane porosity and hydrophilicity 

will increase the permeation flux. In comparison with those of pristine PVDF 
membrane (Figure 2, their hydrophobic nature with dense structure and less 

macro-voids could contributed to high transport resistance across the 

membranes thus reducing the water flux. 

From the observation in Figure 3, a lower water flux can be observed at 

higher ZIF-8 nanoparticle loadings, which may be due to pore blockage or 
agglomeration of nanoparticulates in the membrane matrix. Consequently, 

adding a higher concentration of nanoparticles caused higher viscosity, which 

leads to thicker and denser skin layer formation and increases permeability 
resistance as agreed by Farahani and Vatanpor [27]. Although sonification has 

been done for fully dispersion of the nanoparticles in the dope solution, 

agglomeration still occurred at higher concentration of nanoparticles and 
resulted in decline of water flux. As mentioned in previous EDX analysis, the 

value of Zn and O contents in the membrane  matrix increased rapidly for 0.5 

wt.% of ZIF-8 and MWCNT. This showed that agglomeration has occurred 
due to excess contents of the nanoparticles in the membrane samples. The 

severe pore blockage also contributed to permeation reduction as previously 

reported by Rabiee et al. [24].  
In addition, it was emphasized that the pure water flux of 

PVDF/MWCNT membrane increases with increasing nanoparticles 

concentration in the PVDF membranes. Further increment of nanoparticles 
resulted in high water flux which may due to more sponge-like and increases 

in macro-void structures. From the observation in Figure 3, the membrane 

sample of M3 has the highest water flux of 73.04 L/m2.h. This may due to the 
improvement in the permeability of M2 and M3 which enhanced by oxygen-
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functional group in MWCNT [28]. According to Meng et al. [29] the hybrid 

membrane with a more porous surface and favorable inner structures could 

effectively attribute to a higher permeability of the membrane. Moreover, the 

hydrophobic nature of the pristine PVDF membrane does not contributeed to 

membrane water flux. The results shown in Figure 3 proved that the 
PVDF/MWCNT membranes produced higher permeability as compared to 

other PVDF membranes.  

 
3.6. Membrane filtration test 

 

BSA and HA solutions were used as the feed to study the membrane 
filtration performance. The permeation fluxes for BSA and HA solution are 

presented in Figure 4 and Figure 5. From Figure 4, it was found that the 

permeate flux of BSA solution for PVDF/ZIF-8 membrane increased 
significantly compared to the pristine membrane. It was observed that 

membrane Z3 has higher flux (33.25 L/m2.h) in comparison with pristine 

membrane (P0) which was 29.76 L/m2.h.  However, membrane M2 and M3 
showed higher flux compared to Z3 membrane. This may due to the 

differences in more sponge-like and less macro-voids structures produced by 

M2 and M3 membranes. 

Additionally, the simple blending method for preparing the 

nanocomposite membranes affected the results of the filtration test which lead 

to a lower permeate rate of PVDF/ZIF-8 membranes compared to 
PVDF/MWCNT membranes. The possible reason was due to the aggregation 

and low dispersion of ZIF-8 nanoparticles in PVDF polymer, which was due 

to clogged pores in the membrane matrix. Longer contact time has resulted in 
further decrease in permeate fluxes. This phenomenon was due to the pore 

blockage in the membrane structures that prevented the water to pass through. 

Eventually, a thick layer of film was formed due to the deposition of solutes 
onto the membrane surfaces. This is supported by Tang et al. [31] and 

Arkhangelsky et a.l [32] as they declared that solutes with a smaller size than 

membrane pores were transported through easily, whereas bigger solutes were 
rejected. This is due to the pore-clogging inside the membrane structures and 

reduced the water passages throughout the membrane. 

The same trend also applied for the HA solution as shown in Figure 5. It 
was observed that the membrane sample (Z1, Z2 and Z3) depicted decreasing 

permeate fluxes within 10 min of operation. It was anticipated that the 

differences value of molecular weight of humic acid solute (20-500 KDa) 
have affected the results of flux and solutes rejection. Higher permeate flux of 

membrane with more porous structures can be achieved due to the smaller 

solutes in HA solution which can passed through the macro-voids. The 
membrane samples of M2 and M3 showed higher flux in comparison with 

other nanocomposite membranes and pristine membranes, while the fluxes 

kept decreasing as the operational time increases.  
Although PVDF/ZIF-8 membranes exhibited denser structures than 

PVDF/MWCNT membranes, their permeability was higher than the pristine 

PVDF. This probably was due to the improvement in surface hydrophilicity 
which control the permeate flux. Higher hydrophilicity allowed the water to 

pass through the membranes easily. According to Hu et al. [33] higher 

hydrophilicity was related to the higher adsorption of water molecules in 
membrane pores with lesser interaction, and thus elevated the permeability. 

Besides, Marel et al. [34] mentioned that the permeation flux could be greatly 
affected by surface roughness, hydrophilicity, membrane pores and porosity. 

Moreover, the enlarged roughness could aid in the increment of filtration area 

thus enhanced the permeation flux. However, as ZIF-8 content increased, the 

permeates showed a decline in values. These trends can be explained by the 

increased viscosity of polymer solution due to the increase of ZIF-8 

concentrations. Khan et al. [35] mentioned that higher viscosity of dope 
solution caused slower mass transformation thus producing a compact 

membrane structure with smaller pores. However, based on Figure 4 and 

Figure 5, both BSA and HA fluxes of all nanocomposite membranes were 
declined during the filtration process. The solute permeation fluxes can be 

interpreted as membrane fouling, in which the more the curve declined, the 

more membrane was fouled. A cake layer was formed on the membrane 
surface after the filtration process, indicating that the membranes have been 

fouled by the feed water. After in contact with the solutes, a layer of thick 

film was formed because of solutes deposition on the membrane surfaces and 
reduced the permeate fluxes. It was proved by Turcaud et al. [36] that the HA 

depositions on membrane surface caused formation of film layer, which the 

increase of membrane thickness and declines the HA fluxes. Additionally, 
although the adsorption reached its capacity, the rejections will decrease 

gradually as time passed. The flux recovery ratio (FRR) and flux decline rate, 

Rt were employed to determine the anti-fouling properties of the membrane 
samples and the results are shown in Table 4.  

Obviously, the nanocomposite membranes showed an increase in the 

FRR after the cleaning process compared to the pristine membrane. The 
sample of M3 presented highest flux recovery of BSA solution with 90.98% 

(1st cycle) and 87.56% (2nd cycle), and highest flux recovery of HA solution 

with 92.28% (1st cycle) and 89.67% (2nd cycle), indicating the membrane has 

high anti-fouling resistant. The greater value of flux ratio and lower flux 

decline rate presented better anti-fouling properties of the nanocomposite 

membranes as a result of incorporating hydrophilic additives.  
 

 

 
 

Fig. 4. Permeate fluxes for BSA solution for all membrane samples. 

Operating pressure = 1bar at room temperature with BSA concentration = 500 

ppm. 

 

 

 
 

Fig. 5. Results of Permeate Fluxes for HA Solution for all Membrane 

Samples. Operating Pressure=1bar at room temperature with HA 

Concentration=500ppm. 

 

 

Table 4 

FRR and Rt for all membrane samples. Operating pressure = 1 bar at room temperature. 

 

Sample Solute FRR C1 FRR C2 Rt C1 Rt C2 

P0 
BSA 73.82 64.86 29.97 35.55 

HA 75.20 68.56 27.45 27.72 

Z1 
BSA 85.09 81.64 17.90 20.77 

HA 86.87 82.33 15.11 16.63 

Z2 
BSA 83.26 78.84 20.46 24.20 

HA 85.80 80.65 18.40 19.24 

Z3 
BSA 81.62 75.47 23.16 26.01 

HA 83.92 77.85 21.13 22.47 

M1 
BSA 86.85 81.57 17.50 19.50 

HA 87.72 82.72 13.80 15.35 

M2 
BSA 89.47 85.65 13.94 15.38 

HA 90.21 86.45 13.26 14.94 

M3 
BSA 90.98 87.56 12.33 13.41 

HA 92.28 89.67 10.20 10.06 
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Compared to that of P0 membrane, the solute deposition on 

nanocomposite membrane surfaces was easily removed by membrane rinsing. 

These results revealed that the nanocomposite membranes possessed higher 

anti-fouling properties compared to the pristine membranes. According to 

Hashino et al. [37], the hydrophilic membrane tends to have a higher anti-
fouling property as the formation of hydration layer on the membrane 

surfaces provided higher resistance against solutes depositions and induced 

pore-clogging, thus weakening the hydrophobic interaction between the solute 
and membrane surfaces.   

However, a significant permeate loss was observed in the sample P0 

compared to the nanocomposite membranes. Even after cleaning, the FRR of 
BSA solution could only return to 73.82 (1st cycle) and 64.86% (2nd cycle) of 

its initial flux. This result revealed that irreversible fouling has occurred to 

pristine membrane, which was influenced by its hydrophobic nature. 
Meanwhile, the nanocomposite membranes showed less permeate loss after 

addition of nanoparticles and the cleaning process was effectively recovered 

to it’s initial fluxes. This showed that anti-fouling performance of the 
nanocomposite membranes has been improved significantly. These results 

could be supported by Zhao et al. [38] whereby the addition of nanoparticles 

in the membrane matrix has improved the anti-fouling properties of the 

membrane. This may be associated to the increase in membrane 

hydrophilicity which has reduced the affinity between the membrane surface 

and the proteins.  
Based on Figure 6, it was noted that the BSA rejection increases as the 

nanoparticles concentration increased in PVDF membranes. Among the 

samples, membrane Z3 has the highest BSA rejection compared to other 
membranes due to its well-formed structures. The improvement in the 

percentage of BSA rejection can also be influenced by the incorporation of 

both ZIF-8 and MWCNT into PVDF membranes, as compared to the pristine 
membrane. Meanwhile, as for PVDF/MWCNT membranes, their slightly 

thinner layer has caused a lower BSA retention, compared to the ZIF/PVDF 

membranes. 
Greater solute rejection was achieved by sample Z3 as its smaller pores 

size on the upper layer of the membrane structure caused the PVDF/ZIF-8 

membrane became less sensitive to solute deposition. This is due to the 
smaller pore size that minimized the number of membrane entrance so that 

solutes cannot enter the pore length easily. This would prevent the 

phenomenon of pore blockage and pore narrowing that could trigger the 
membrane fouling in the filtration system. As observed in Figure 6 and Figure 

7, the PVDF/ZIF-8 membranes were concluded to have the greatest ability in 

separating the solutes. The variations in solute rejection of each membrane 
was in accordance with the improved pore size because of the increased of 

ZIF-8 concentrations. As of CNTs, it was reported that it has the ability to 

eliminate albumin as it can also function as an adsorbent [39]. As observed 
from Figure 6, sample M1 and M2 produced BSA solute rejection much 

higher than the pristine membrane (78.92%). 

The incorporation of MWCNTs into the membranes improved the 
membrane structures, making it more hydrophilic. As for the water 

application process, more hydrophilic membranes were preferable so that the 

permeates can be filtrated easily. A study by Farahani and Vatanpour [27] 
reported that incorporation of nanoparticles into membrane matrix resulted in 

more hydrophilic surfaces which led to lower interaction and affinity between 
the membrane surfaces and solutes. Therefore, a higher rejection rate was 

achieved for nanocomposite membranes compared to the pristine membrane 

while the enhanced BSA rejection might be due to the lower hydrophobic 

interaction of BSA proteins and hydrophilic surfaces of the hybrid 

membranes.  

These phenomenon also applied for the HA rejection as shown in Figure 
7. The membrane hydrophilicity is an important key in membrane 

applications to determine their anti-fouling ability. Many approaches have 

been developed to improve membrane hydrophilicity by incorporating 
nanoparticles through many surface modification methods including the 

physical blending method. Leo et al. [40] reported that the contact angle value 

decreased from 70.6° to 64.5° when the SAPO-44 zeolites contents increased 
from 5 wt.% to 15 wt.%. In addition, the amount of HA adsorbed in 

membrane pores also decreased due to the enhanced membrane antifouling 

ability by minimizing the pore blockage that can lead to fouling. Jiang et al. 
[41] categorized the factors of the HA removal efficiency could be influenced 

by two aspects; which is the membrane average pore size and adsorption of 

HA on the membrane surfaces. Since the HA solute varies in sizes, the 
molecules which are smaller than the modified membrane can diffuse easily. 

Thus, the separation of HA was mainly dependent on the adsorption of HA in 

the membrane matrix.  
Nevertheless, the cake layer which was formed on the membrane surfaces 

could prevent the water molecules passing through the membrane pores; 

causing the reduction in rejection rate. As the filtration time increased, the 
solutes rejection has been reduced drastically due to the thicker layer of 

solutes depositions on the membrane surfaces, as agreed by Guo etal. [42]. In 

addition, it was reported that 'over-clogging' happened because of large 

quantity of small macromolecules entered and filled the interstices of a cake 

formed by smaller-structured particles that caused a greater hydraulic 

resistance.  
The decline in solute rejections can be correlated to membrane swelling 

after the membrane being exposed for long hour operation. It was observed 

that the membranes were swollen after the filtration process which is due to 
trapped water molecules and solutes molecules in the membrane pores due to 

the irregular size of the solutes molecules. Ibrahim et al. [15] performed a 

study on the permeability of PVDF/ZIF-8 membrane for pure water and 
domestic wastewater. The results obtained show that the permeability for both 

feeds was improved upon the addition of ZIF-8 nanoparticles. However, when 

10 wt.% of ZIF-8 has been applied, the permeability of pure water and 
wastewater was reduced. This probably was due to the phenomenon of 

membrane swelling during the filtration process in which has reduced the 

affective area for permeability as previously reported by Escoda et al. [43].  
 

 

 

 
 
Fig. 6.  Result of BSA solute rejection for PVDF membrane. Operating 

pressure=1bar, BSA concentration=500ppm. 

 
 

 

 
 

Fig. 7. Result of HA solute rejection for PVDF membrane. Operating 

pressure=1bar, HA concentration=500ppm. 

 

 
 

4. Conclusions 

 

PVDF nanocomposite membranes was successfully fabricated by 

introducing various compositions of MWCNT and ZIF-8 into the polymer 

dope. Membrane with ZIF-8 was synthesized with hexagonal-shaped with 
particle sizes ranging from 140 nm to 160 nm and confirmed by TEM 

analysis. In addition, the result of the contact angle indicated that the 

incorporation of nanoparticles into the membrane matrix has improved 
hydrophilicity behavior of PVDF membranes upon the addition of 

nanoparticles and PVP. In comparison, as the concentration of nanoparticles 

increased, the modified membranes showed an improvement in the membrane 
structures as the structures became more porous and spongier. For the 

modified membranes, the increase in nanoparticles concentration attributed to 

higher pure water fluxes compared to pristine. The highest water fluxes for 
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PVDF/ZIF-8 membranes were achieved by membrane sample Z1 with a flux 

value of 56.96 L/m2h. Meanwhile, the highest water flux of PVDF/MWCNT 

membranes increased with the average of 73.03 L/m2h for membrane sample 

M3. Furthermore, the results of the filtration test revealed that the PVDF/ZIF-

8 membrane achieved highest performance of solute rejection with 0.5 wt.% 
concentration for HA (≥94%) and BSA (≥92%) solution as compared to other 

prepared membranes.  

For PVDF/MWCNT membranes, M1 displayed the highest result of 
solute rejections for both HA solution (≥90%) and BSA (≥85%). However, all 

the rejection rate of the membrane samples started to decline when they are 

exposed to longer contact time. The FRR and flux decline rate of all prepared 
membranes showed a decreased in values as the filtration time increased. This 

indicates the potential of membrane fouling has occurred and started to 

deteriorate the filtration performance of the membranes. In a nutshell, the 
nanoparticles of ZIF-8 and MWCNTs displayed good anti-fouling properties 

and can be further studied for minimizing the fouling membrane. The addition 

of nanoparticles also improved the membrane morphologies, hydrophilicity, 
pure water flux and filtration performance of the modified membranes 

compared to pristine and it is suitable to be applied in the water separation 

process. 
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