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Abstract:  

Developing an antifouling and stable separation poly (vinylidene fluoride) 

(PVDF) membrane for water treatment is of great significance but challenging due to 

the limitations of its low surface properties and strong hydrophobicity. In this study, a 

novel multi-block composite ultrafiltration membrane was developed using the 

mosaic-assembled doping of pineapple leaf nanocrystalline cellulose and g-C3N4. The 

effects of adding different components on the PVDF composite membrane properties 

have been analyzed. The surface chemical composition, surface morphology, 

crystallinity and thermal stability of the composite membranes were characterized by 

Fourier transform infrared spectroscopy (FTIR), scanning electron microscope (SEM), 

X-ray diffraction (XRD) and thermogravimetric analysis (TGA). Both of the tensile 

strength and elongation length of the PVDF composite membranes were enhanced 

due to the addition of pineapple leaf nanocellulose and g-C3N4, and the tensile 

strength and elongation length of PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose 

composite membrane can reach 10.61 MPa and 8.85 mm. The porosity of the PVDF 

composite membranes was 46.6%, respectively. The water flux and flux recovery 
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ratio of PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose also can reach 256.75 L/(m2 ⋅h) and up to 82.1%. All the above experimental data showed that the addition of 

pineapple leaf nanocellulose and g-C3N4 can greatly improve the performance of the 

PVDF composite membrane. The prepared modified membrane has potential 

application value in the field of wastewater separation and treatment. 

Keywords: poly (vinylidene fluoride) (PVDF); composite membranes; pineapple leaf 

nanocrystalline cellulose; g-C3N4. 

1. Introduction 

The world is facing environmental problems of water shortage and severe water 

pollution recently [1, 2]. In this case, membrane separation has attracted people's 

attention as a highly efficient, energy-saving and simple operation technology [3, 4]. 

Poly (vinylidene fluoride) (PVDF), as an important polymer fluoride, has been widely 

used in the chemical stability and excellent film-forming performance [5]. And the 

PVDF membrane has been a hot area of research for several years. PVDF also has 

excellent anti-ultraviolet and anti-aging properties [6]. It is stable to ultraviolet light 

with a wavelength of 200-400 nm. PVDF membrane will not be brittle and cracked 

even if it is left outdoors for one or two decades. Due to its excellent resistance to 

chemical media, PVDF has excellent resistance to most inorganic acids, salts, halogens, 

oxidants, aliphatic, aromatic and halogenated solvents, et al [7, 8]. Its unique stability 

and surface properties are conducive to the compounding of PVDF with various 

inorganic particles, so that it is used in water treatment, gas separation membrane and 

other fields [9]. However, due to its low surface properties and strong hydrophobicity, 

PVDF has largely restricted the practical application [10].  

Currently, there are many methods for preparing hydrophilic PVDF membrane, 

including surface coating, surface adsorption, surface plasma treatment, blending and 
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copolymerization, and surface irradiation graft modification [11-13]. Therefore, the 

modification of PVDF membrane has attracted wide attention which mainly due to the 

unique electronic, magnetic, and optical properties of nanoparticles, especially in the 

modification of PVDF membranes by nanoparticles [14, 15]. In recent years, g-C3N4 

has the advantages of low cost, simple synthesis and good chemical stability [16]. 

Because g-C3N4 has good hydrophobicity and can resist changes in the external 

environment, g-C3N4 membranes exhibit better separation performance than other 

commercial and inorganic membranes used for water purification [17-19]. Therefore, 

g-C3N4 is often used as an introduced component to improve the environmental 

protection function and adsorption effect of the membrane [20]. Adding g-C3N4 to the 

PVDF membrane is better than the single PVDF membrane in oilfield wastewater 

treatment. 

Cellulose is a very attractive renewable natural polymer [21]. It is very abundant 

on earth and some properties not found in other natural or synthetic polymers, such as 

chirality, hydrophilic biodegradability, and extensive chemical modification [22]. With 

the emergence and development of nanotechnology, nanocellulose has become a 

research hotspot [23, 24]. Pineapple is one of the most popular tropical fruits in the 

world and its crop occupies a prominent position in the agricultural sector. Generally 

speaking, nanocellulose can be separation from plant materials [25]. Nanocrystalline 

cellulose can be prepared by chemical, physical and microbial technology [26]. For 

example, in the chemical method, water and hydrogen protons in an inorganic acid are 

used to hydrolyze cellulose, remove amorphous regions, and break glycosidic bonds to 

produce nanoscale fibers [27]. Physical methods for preparing nanocrystalline 

cellulose include homogenization, microfluidization, microcrushing and freezing [28]. 

The most commonly used preparation method of nanocellulose is the homogenization 



4 

method. But it faces the problem of homogeneous dispersion in the polymer matrix 

[29]. In addition, because the surface of nanocellulose is rich in hydroxyl groups, it has 

a strong tendency of self-association [30]. This is a problem that needs to be solved in 

the application. In general, nanoscale cellulose fibers are very popular for reinforcing 

polymers and enhancing hydrophilic materials for preparing composite materials. 

This study aims to study a simple method to improve the hydrophilicity, separation 

and antifouling properties of PVDF membranes. A simple non-solvent induced phase 

separation (NIPS) strategy was used to design and prepare pineapple leaf nanocellulose 

and C3N4 or g-C3N4 modified PVDF membranes with interpenetrating network 

nanoarchitectonics and water channels. This work shows that the nano-materials can 

improve the hydrophilicity of the PVDF composite membranes by blending pineapple 

leaf nanocrystalline cellulose with g-C3N4. The prepared PVDF composite membranes 

were characterized by FTIR, SEM, TGA, XRD, and hydrophilicity (pure water flux and 

dynamic contact angle). In addition, the mechanical properties of the prepared 

membrane were quantified, and the effect of adding pineapple leaf nanocellulose and 

C3N4 or g-C3N4 was analyzed. Finally, the focus is on the antifouling properties of the 

prepared membrane, which provides valuable enlightenment for potential engineering 

treatment applications. 

2. Experimental section 

2.1. Materials  

Commercially available PVDF (FR904) was dried at 60 °C overnight before 

further use. Pineapple leaf was obtained from South Subtropical Crop Research 

Institute, China Academy of Tropical Agricultural Sciences. N, N-dimethylformamide 

(DMF), polyethylene glycol (PEG 6000) and melamine were purchased from 

Sinopharm chemical reagent Co., Ltd., Shanghai. Bovine serum albumin (BSA) was 
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purchased from Shanghai Aladdin Bio-Chem Technology Co., Ltd., China. All of the 

used chemicals were of analytical grade without further purification. 

2.2. Preparation of the PVDF composite Membranes 

Graphite phase g-C3N4 was prepared by a common method [31]. Using melamine 

as raw material, 10 g of melamine was uniformly ground and placed in a semi-closed 

crucible. It was placed in a muffle furnace and heated to 550 °C at 2.5 °C/min for 4 h. 

The muffle furnace was closed, cooled and taken it out, and the yellow solid was 

ground into a powder to obtain a graphite phase g-C3N4. The treated pineapple leaf 

were immersed in a H2SO4 (15 wt%) solution, thoroughly mixed with an electric stirrer, 

and reacted at 85 ℃. At the end of the reaction, the pH of the solution was adjusted to 

neutral using deionized water. After separated and dried, immersed the solid in DMAc, 

a high-pressure homogenizer was used. Subsequently, a colloidal suspension of 

nanocrystalline cellulose was obtained. The various PVDF composite membranes were 

obtained by using a non-solvent induced phase separation (NIPS) technique. The 

casting solution consisted of 16 wt% PVDF and 1.0 wt% PEG 6000, 0.5 wt% 

nanocrystalline cellulose and 0.5 wt% C3N4 or g-C3N4. PVDF, PEG, Pineapple leaf 

nanocellulose, C3N4 or g-C3N4 were dissolved in DMF under rigorous stirring at 60 °C 

for 24 h, and the casting solution was spread onto the glass plate using a blade (Scheme 

1). Then, the glass plate was immersed into a water bath for 24 h before using. 
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Scheme 1. Preparation of PVDF membranes blended with nanocrystalline cellulose and g-C3N4. 
2.3. Membrane characterization 

Fourier transform infrared (FT-IR) spectroscopy (PerkinElmer, Spectra One, 

USA) was used to evaluate the stability of the PVDF composite membranes at room 

temperature within the range 550-4000 cm-1 of the wave number. The surface 

morphology of the PVDF composite membranes were evaluated by the S-3400 SEM 

(Tokyo, Japan) at 20 kV. To obtain the crystallinity of the PVDF composite membranes, 

the siffraction angle (2θ) that ranged from 2 to 60° by using a XRD-6000X 

diffractometer with Cu Kα X-radiation. The thermal stability of the composite 

membrane and nanocrystalline cellulose were analyzed by a thermogravimetric 

analyzer system (Sta 449c, Netzch, Germany). The test temperature range is 100-800 

℃, and the heating rate is 10 ℃/min. Instron 5569 Material Testing Instrument was 

used to evaluate the mechanical properties of the PVDF composite membranes with the 

speed of 10 mm/min at room temperature. The surface hydrophilicity of the PVDF 

composite membrane was measured by a contact angle measuring device (SL2008, 

Shanghai Solon Technology Co., Ltd.). The porosity of the membrane were tested 

according to the method provided by Zhang et al’ s method [32]. A membrane with a 
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known area was weighed in a hygroscopic state and immediately dried in an oven. 

Porosity is evaluated by the following equation: 

                           𝑃𝑟 = 𝐺𝑤−𝐺𝑑𝑑𝑤×𝐴𝑚×𝐿𝑚                           (1) 

where Gw is weight of the wet membrane (g); Gd is weight of the dry membrane (g); dw 

is the density of water (g/cm3); Am and Lm are the membrane area (cm2) and thickness 

(cm), respectively. 

2.4. Pure water flux and antifouling properties of the PVDF composite membranes 

The pure water flux was measured according to the previous method [33]. In order 

to data collection, the various PVDF composite membranes were compacted with 

deionized water at a working pressure of 0.1 MPa for 30 min. Then, the pure water flux 

[Jw (L/(m2 ⋅ h))] were obtained by the following equation: 𝐽𝑤 = VS×t                               

(2) 

where V is the volume of pure water penetrated through the various PVDF composite 

membranes (L), S is the effective membrane area (m2) and t is the time of working (h). 

The selectivity of the various PVDF composite membrane was then determined 

with BSA solution (1 g/L) under stirring. Four comparison parameters, namely, flux 

recovery ratio (FRR), irreversible flux decline ratio (DRir), reversible flux decline 

ratio (DRr), and total flux decline ratio (FDR), were introduced for detailed 

comparison of antifouling performance [34]. The antifouling properties of various 

PVDF composite membrane were calculated using the following equation: 

                       𝐹𝑅𝑅 = 𝐽3𝐽1 × 100%       (3) 

             𝐷𝑅ir = (1 − 𝐽3𝐽1) × 100%      (4) 𝐷𝑅r = (𝐽3−𝐽2𝐽1 ) × 100%      (5) 
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             𝐹𝐷𝑅 = (1 − 𝐽2𝐽1) × 100%         (6) 
Where 𝐽1 is the pure water flux,  𝐽2 is the 4 h of BSA foulant liquid filtration flux 

and 𝐽3 is the water flux for a 1 h under the same operating pressure was retested after 

washing. 

3. Results and discussion 

3.1. Membrane characterization 

The FT-IR spectra of various PVDF composite membranes with pineapple leaf 

nanocellulose, C3N4, and g-C3N4 were shown in Fig. 1. The chemical structure of pure 

PVDF and PVDF/PEG membranes was exhibited in Fig. 1(a) and (b). The bands 

located at 3080 and 2864 cm-1 related to the CH2 asymmetric and symmetric vibration 

of the PVDF. Meanwhile, there were differences between Fig. 1(a) and (c). A peak at 

3348 cm-1 could be observed in Fig. 1(c) which has lower peak strength than found in 

Fig. 1(a). The occurrence of the new absorption peak was attributed to O-H stretching 

vibration of cellulose. It indicated that the molecule of pineapple leaf nanocellulose was 

existed in the PVDF composite membranes. Moreover, a weak band at 3347 cm-1 

appeared in the PVDF/PEG/C3N4 and PVDF/PEG/C3N4/Pineapple leaf nanocellulose 

membrane (Fig.1 (d), (e) and (f)), which may be related to the N-H stretching mode of 

C3N4. This phenomenon can be seen that C3N4 has also been distributed on the surface 

of PVDF. 
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Fig.1. FTIR spectra of (a) pure PVDF, (b) PVDF/PEG, (c) PVDF/PEG/Pineapple leaf 

nanocellulose, (d) PVDF/PEG/C3N4, (e) PVDF/PEG/C3N4/Pineapple leaf nanocellulose and (f) 

PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite membranes. 

As shown in Fig. 2a-f, the surface morphology of the various PVDF composite 

membranes with different components was depicted by SEM images. Compared with 

the pure PVDF membrane, the PVDF/PEG/Pineapple leaf nanocellulose composite 

membrane (Fig. 2c) have more surface bubbles than pure PVDF membranes (Fig. 2a) 

which mainly attributed to the presence of pineapple leaf nanocellulose accelerates the 

process of water penetration into the solution. As shown in Fig. 2f, more distributed 

holes appeared on the surface of the PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose 

composite membranes. The cross-sectional view of all sample shown the typical 

asymmetric structure, and an irregular cross-sectional fracture surface with many open 

voids. For this porous structure, it has an enhancement effect on promoting the pure 

water flux of the PVDF composite membrane. 
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Fig.2. SEM images of (a) pure PVDF, (b) PVDF/PEG, (c) PVDF/PEG/Pineapple leaf 

nanocellulose, (d) PVDF/PEG/C3N4, (e) PVDF/PEG/C3N4/Pineapple leaf nanocellulose and (f) 

PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite membranes. 

The crystal structures of the various PVDF composite membranes were shown in 

Fig. 3. As shown in Fig. 3a-f, an obvious peak at 2θ=20.1° which related to the 

crystalline peaks of PVDF 𝛂 crystalline phase [35]. A weak peak at 2θ=27.5° was 

observed in Fig. 3d-f, which correspond to the in-plane structure packing motif and the 

interlayer stacking of the aromatic system of C3N4 and g-C3N4 [36]. It can be seen a 

weak peak at 2θ=18.3° (Fig. 3 (e)), which may be related to the crystallographic planes, 

respectively and the peaks could be attributed to cellulose I, which had a monoclinic 

structure. These characteristic peaks are attributed to the crystal plane of 
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nanocrystalline cellulose and g-C3N4, indicating that nanocrystalline cellulose and 

g-C3N4 exist in the PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite 

membrane. 

Fig.3. XRD patterns of (a) pure PVDF, (b) PVDF/PEG, (c) PVDF/PEG/Pineapple leaf 

nanocellulose, (d) PVDF/PEG/C3N4, (e) PVDF/PEG/C3N4/Pineapple leaf nanocellulose and (f) 

PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite membranes. 

The TGA curve of various PVDF composite membranes was shown in Fig. 4. Due 

to the difference in chemical composition, the different PVDF composite membranes 

were decomposed at different temperatures [13]. The thermal decomposition of the 

pure PVDF membrane was mainly occurs at 450-500 ℃ (Fig. 4a). At the same time, a 

two weightlessness steps were observed in curve (Fig. 4c-f). The first weight loss stage 

was observed at 330-420 or 450 °C which mainly attributed to the thermal 

decomposition of pineapple leaf nanocrystalline cellulose or C3N4 (Fig. 4c and d) and 

the second weight loss stage observed at 440 to 480 or 450-400℃ which mainly due to 

the thermal decomposition of pure PVDF. Meanwhile, we can clearly observe that the 

PVDF/PEG/C3N4/ Pineapple leaf nanocellulose composite membranes (Fig. 4e) has a 

lower weight loss than PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite 

membranes (Fig. 4f) which mainly attributed to the thermal decomposition of C3N4 and 
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g-C3N4. All the results shown that the weight loss of the various PVDF composite 

membranes has a better thermal stability under 330 °C. 

Fig. 4. TGA Curves of (a) pure PVDF, (b) PVDF/PEG, (c) PVDF/PEG/Pineapple leaf 

nanocellulose, (d) PVDF/PEG/C3N4, (e) PVDF/PEG/C3N4/ Pineapple leaf nanocellulose and (f) 

PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite membranes. 

3.2. The hydrophilicity of the PVDF composite membranes 

The hydrophilicity of the various PVDF composite membranes was characterized 

by measuring contact angle. According to the Table 1, the contact angle of the various 

PVDF composite membranes had been reduced as time go on. Moreover, the 

hydrophilicity of the various PVDF composite membrane also can be improved by 

adding pineapple leaf nanocellulose which mainly due to its hydrophilic functional 

groups such as hydroxyl groups. Besides, adding the pineapple leaf nanocellulose, 

C3N4 or g-C3N4 also can form a higher surface porosity and lead to a slightly decrease 

in the contact angle. Higher surface total energy and adhesion mean that the membrane 

surface has strong polarity and hydrophilicity [37], and the results of modified 

membranes was higher than that of primary PVDF membrane (Table 1). Therefore, the 

PVDF composite membranes were effectively improved by adding the pineapple leaf 

nanocellulose, C3N4 or g-C3N4. 
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Table 1. The hydrophilicity of (a) pure PVDF, (b) PVDF/PEG, (c) PVDF/PEG/Pineapple leaf 
nanocellulose, (d) PVDF/PEG/C3N4, (e) PVDF/PEG/C3N4/Pineapple leaf nanocellulose and (f) 
PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite membranes. 

Membrane 
Contact Angle (˚) a Surface 

energy 

(mJ m-2) 

Adhesion 

work 

(mN m-1) 

Fig. 
Initial 30s 60s 90s 

a 94.13 81.97 81.40 80.52 27.39 69.06  
b 81.77 77.67 74.81 71.82 34.75 83.99  

c 61.82 58.73 52.72 39.35 46.83 107.36  

d 73.73 71.90 65.17 57.78 39.40 93.20  

e 68.55 64.25 55.60 55.26 44.35 102.73  

f 70.08 61.61 57.02 52.77 42.42 99.06  

a Error in contact angle measurement is <1.0°. 

3.3. Mechanical properties of the PVDF composite membranes 

The thickness of various PVDF composite membranes was shown in Fig. 5 (left). 

The thickness of the various PVDF composite membranes is between 0.045-0.06 mm, 

and the differences in thickness of the membranes are small. Therefore, the addition of 

nanomaterials did not cause significant changes in thickness.The effects of pure PVDF, 

PVDF/PEG, PVDF/PEG/Pineapple leaf nanocellulose, PVDF/PEG/C3N4, 

PVDF/PEG/C3N4/Pineapple leaf nanocellulose and PVDF/PEG/g-C3N4/Pineapple leaf 

nanocellulose membranes on the porosity was listed in Fig. 5 (right). The porosity of 

the PVDF composite membranes were increased with the addition of different 

substances. The porosity of the prepared the PVDF composite membrane is in the range 

of 10% to 33%. The peak value of porosity is 32.6%. Pineapple leaf nanocellulose is a 

hydrophilic material with a large num ber of hydrophilic groups which can accelerate 

the diffusion process between gels (water) and solvent (DMF) in the PVDF composite 

membrane preparation process. Then, the PVDF/PEG/Pineapple leaf nanocellulose 

membrane has relatively higher porosity than pure PVDF membrane. However, the 

C3N4 have some negative effects on the porosity of the PVDF composite membrane 

which mainly attributed to its hydrophobic properties. Besides, the porosity of the 

PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite membranes also has been 
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strength by adding g-C3N4. Therefore, the presence of pineapple leaf nanocellulose and 

g-C3N4 may facilitate the formation membranes with high porosity.  

Fig. 5. The thickness (left) and porosity (right) of (a) pure PVDF, (b) PVDF/PEG, (c) 

PVDF/PEG/Pineapple leaf nanocellulose, (d) PVDF/PEG/C3N4, (e) PVDF/PEG/C3N4/Pineapple 

leaf nanocellulose and (f) PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite membranes. 

The tensile strength of the various PVDF composite membranes was shown in Fig. 

6. Compared to the pure PVDF membrane, the tensile strength of the other PVDF 

composite membrane had a slightly decreased by adding C3N4, g-C3N4 or pineapple 

leaf nanocellulose at different extents, but in a tolerable degree. The reason for this 

phenomenon is that the PEG, as a pore-forming agent, will dissolved into the water and 

form the pore in the PVDF composite membrane which can reduces the cross-sectional 

area for resisting external forces. However, duo to the excellent mechanical properties 

and hydrophilicity of nanomaterials, the tensile strength of the other PVDF composite 

membrane also has been improved to some extent by adding the pineapple leaf 

nanocellulose, C3N4 or g-C3N4 in the casting solution. Table 2 shows the further 

benchmark comparison between the selected PVDF/PEG/g-C3N4/Pineapple leaf 

nanocellulose membrane and other modified PVDF membranes reported in the 

literature. Obviously, the membrane in this work has excellent tensile strength, 

elongation and hydrophilicity, indicating its good practical application potential. 
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Fig. 6. Mechanical properties of (a) pure PVDF, (b) PVDF/PEG, (c) PVDF/PEG/Pineapple leaf 

nanocellulose, (d) PVDF/PEG/C3N4, (e) PVDF/PEG/C3N4/Pineapple leaf nanocellulose and (f) 

PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite membranes. 

Table 2 Comparison of hydrophilicity and mechanical properties of the various PVDF 
membranes. 

Membrane Method 

Tensile 

strength 
Elongation 

Contact 

anglesa Reference 

(MPa) (%) (°) 

PVDF NIPS 6.2 118.1 88.5 [38] 

PVDF/PVP TIPS 5.2 ~340 b 89.0 [39] 

PVDF/PTFE TIPS 7.4 ~180b 106.0 [40] 

F127/PTFE 

(TP1F1) 
TIPS 7.0 170.0 76.0 [41] 

PVDF-g-PEG NIPS 8.5 ~131b 61.6 [42] 

PVDF/CaCO3 NIPS 5.7 126.8 107.8 [43] 

PVDF/PEG/g-C3N

4/Pineapple leaf 

nanocellulose 

NIPS 10.6 184.5 68.5 This work 

a The contact angle error does not exceed 0.5°. 
b The data was collected from graphs in the literature by using the digitizer function.  

3.4. Separation and antifouling properties of the PVDF composite membranes 

To evaluate the filtering performance of the PVDF composite membrane, the pure 

water flux and rejection ratio were measured, as shown in Fig.7A Compared to the pure 

PVDF and PVDF/PEG, the pure water flux was significantly enhanced by adding 
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pineapple leaf nanocellulose which also attributed to its large specific surface area and 

abundant hydroxyl groups. Pineapple leaf nanocellulose can enhance the permeability 

of PVDF membrane by accelerating the transient phase separation process on the 

surface of the PVDF composite membrane. The water flux of the 

PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose membrane reached a peak of 256.75 

L/(m2 ⋅ h). Time-dependent normalized flux in the BSA-fouled was plotted in Fig.7B. 

When the BSA dirt solution was filtered, the membrane flux drops sharply attribute to 

the adsorption and deposition, but the degree of decline and the flux recovery ratio 

(FRR, J3/J1) were different. The FRR ratios of PVDF/PEG/C3N4/Pineapple leaf 

nanocellulose and PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite 

membranes were 77.8% and 82.1%, respectively, which are much higher than 41.8% 

of the pure PVDF membrane (1.8 and 2.0 times, respectively). The 

PVDF/PEG/C3N4/Pineapple leaf nanocellulose and PVDF/PEG/g-C3N4/Pineapple leaf 

nanocellulose composite membranes still show excellent anti-fouling properties after 

repeating the scale test three times with BSA solution (Fig.7C). Fig.7D presents the 

total flux decline ratio (FDR), irreversible (DRir), reversible (DRr) fouling resistance 

ratios of the prepared membranes. The FDR ratios of PVDF/PEG/C3N4/Pineapple leaf 

nanocellulose and PVDF/PEG/g-C3N4/Pineapple leaf nanocellulose composite 

membranes were 65.2% and 66.8%, respectively, which were much lower than the 

85.2% of pure PVDF membranes. The main difference in the anti-fouling properties 

of the prepared membranes was the DRir ratio (12.2%, 27.3% and 28.4%, 

respectively), indicating that the addition of C3N4/g-C3N4 and pineapple leaf 

nanocellulose active suppressions the irreversible contamination, thus significantly 

enhanced the anti-fouling property of the PVDF membrane. For PVDF hydrophobic 

membrane, contaminants (such as proteins and sugars, etc.) may be bound to the large 
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pores or adsorbed to the channels, hindering their removal through hydraulic washing. 

This irreversible membrane fouling leads to a decrease in the water flux recovery rate 

after hydraulic washing. In this study, the hydrophilic groups in the C3N4/g-C3N4 and 

pineapple leaf nanocellulose particles in the prepared membrane interact with the 

water layer in the aqueous solution, which may hinder the deposition and adsorption 

of contamination on the membrane surface. Furthermore, the formed hydration layer 

may stabilize the structure of the protein to ensure that no obvious conformational 

changes occur during the adsorption process, which leads to reversible desorption. 

The results show that the prepared modified PVDF membrane has excellent 

antifouling performance and the water flux was higher than that of pure PVDF 

membrane. 

  (A)                                 (B) 

（C）                             （D） 

Fig. 7. The (A) pure water flux and (B) time-dependent normalized flux in the BSA-fouled of the 
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prepared membrane. Antifouling properties: (C) water flux recovery ratio and (D) fouling 

resistance. 

4. Conclusions 

In summary, the PVDF composite membranes were prepared through non-solvent 

induced phase separation technique with nanocellulose and g-C3N4 were used as 

non-solvent additives in this work. Pineapple leaf nanocellulose and g-C3N4 was well 

dispersed in the PVDF composite membrane matrix and confirmed via FTIR, SEM, 

XRD, and TGA analyses. The addition of nanoparticles effectively improves the 

hydrophilicity of the membrane, and forms nano-scale water channels between the 

separation layers of the PVDF membrane, which effectively promotes water 

penetration. At the same time, the prepared composite membrane has the dual functions 

of surface hydrophilic modifier and pore former. These characteristics make the 

prepared PVDF composite membranes have higher hydrophilicity, and increase the 

filtration and antifouling properties of the membrane. The DRir ratio of 

PVDF/PEG/C3N4/Pineapple leaf nanocellulose membrane increased from 12.2% to 

28.4% compared with that of the pure membrane. The nanoparticles in the PVDF 

matrix can also improve the crystallinity and thermal stability of the membrane. 

Moreover, compared with pure PVDF membrane, the prepared composite membrane 

has stronger mechanical properties, which is of great significance for industrial 

applications. 
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