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Abstract 

 
Recent studies have demonstrated substantial advancements in the treatment of dye wastewater through the synergistic 

incorporation of graphene oxide (GO) and metal oxide. This research focuses on the successful fabrication of a GO-

based composite membrane using the non-solvent induced phase separation (NIPS) method. Two distinct metal oxides, 

titanium dioxide (TiO2) and zinc oxide (ZnO), were incorporated into polyvinylidene fluoride (PVDF) as the 

membrane carrier. The resulting membranes, namely PVDF/TiO2, PVDF/ZnO, and PVDF/TiO2/GO, were developed 

as photocatalyst membranes for the treatment of methylene blue (MB) dye contamination through adsorption-

photocatalytic activity. The adsorption process was conducted for 30 minutes before initiating the photocatalytic 

activity. Upon UV-Vis measurement, the PVDF/TiO2/GO composite membrane exhibited superior dye degradation 

efficiency, reaching 91.89%, as compared to PVDF/TiO2 (91.38%) and PVDF/ZnO membrane (86.80%). This 

noteworthy enhancement in dye degradation performance, positions the PVDF/TiO2/GO composite membrane as a 

promising candidate for applications as a photocatalyst in the treatment of dye wastewater. The results underscore the 

potential effectiveness of this composite membrane in addressing environmental challenges associated with dye 

pollution. 

Keywords: Adsorption-photocatalysis; Graphene Oxide; Titanium Dioxide; Zinc Oxide; Polyvinylidene Fluoride; 

Photocatalyst  

 

 

INTRODUCTION  

 
The development of the textile industry leads a significant contribution to worldwide economic expansion 

and encounters a critical environmental predicament in the form of wastewater that contains a diverse range 

of dyes [1]. The growing demand for textiles requires the use of modern water treatment techniques to 

remove colour pollutants efficiently. The dye wastewater can be tackled by combining an adsorption and 

photocatalysis process. The utilisation of the adsorption-photocatalysis technique has several advantages 
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including reduced time requirements, prolonged lifespan of the adsorbent, and improved efficiency [2]. This 

method involves the capture of pollutants through adsorption, followed by the utilisation of photocatalysis 

to generate reactive oxygen species (ROS) for the degradation of pollutants [3]. 

 In the context of wastewater treatment, enhancing the capabilities of treatment processes can be 

achieved by modifying polymeric membranes, specifically those crafted from polyvinylidene fluoride 

(PVDF) [4]–[6]. The fabrication of photocatalyst membranes involves integrating inorganic and polymeric 

components using techniques like dip-coating, self-assembly, layer-by-layer deposition, and phase 

inversion [7]. Particularly, the non-solvent induced phase separation (NIPS) as a phase version has gained 

attention due to its cost effectiveness, simplicity, and equipment efficiency [8], [9]. NIPS ensures a uniform 

distribution of photocatalysts within the membrane, enhancing photocatalytic efficiency. Although NIPS is 

well-explored in membrane filtration, its application in membranes as adsorbents and photocatalysts 

remains an area requiring further exploration [10]. 

 Moreover, the utilisation of PVDF membranes has been extensively observed in diverse filtration 

procedures owing to their notable chemical resistance and long-lasting nature [11]. Nevertheless, the 

traditional application of these membranes in the treatment of textile wastewater has challenges in attaining 

an integrated approach for adsorption-photocatalytic degradation. In order to tackle this particular difficulty, 

the current study emphasises the incorporation of novel nanomaterials, namely graphene oxide (GO) with 

metal oxides titanium dioxide (TiO2) and zinc oxide (ZnO) into PVDF membranes. The objective of this 

integration is to improve the efficiency of the membrane, specifically in relation to the distinctive 

wastewater composition found in the textile sector. Table 1 shows a comparison of the photodegradation 

efficiency with different photocatalyst materials. 

 According to the results reported by Sheshmani and Nayebi, [12], the incorporation of GO 

demonstrated a reduction of TiO2 bandgap value from 3.2 eV (pure TiO2) to 3.0 eV (GO/TiO2). Significant 

decreased of GO/TiO2 charge carriers recombination rate further resulted in the better photodegradation 

efficiency up to 99.99% as compared to pure TiO2 (30%). This result was in a good agreement with other 

study where incorporation of GO with TiO2 demonstrated higher photodegradation efficiency (93%) 

compared to pure TiO2 (80%) [13]. Puneetha et al., [14] reported that ZnO bandgap value was successfully 

reduced from 2.81 eV (pure ZnO) to 2.71 eV with the GO presence in the ZnO-based hybrid sample. The 

smaller band gap of the ZnO/GO hybrid futher contributes to its heightened photocatalytic activity with an 

efficiency of up to 99%, surpassing the 82% efficiency of pure ZnO. Meanwhile, Fischer et al., [15] reported 

the hydrophilic TiO2/PVDF membrane showed the highest photocatalytic activity (100%) compared to 

hydrophilic TiO2/PES membrane (70%).  

 
Table 1. presents a comparison of the photodegradation efficiency with different photocatalyst materials 

 

Material Dye Photodegradation 

efficiency 

References 

GO/TiO2 

nanocomposite 

Remazol Black B 

(RBB)  

99.9% [12] 

Cellulose/GO/TiO2 Methylene Blue (MB) 93% [13] 

ZnO/GO Crystal Violet (CV) 99% [14] 

PVDF/TiO2 MB 100% [15] 

 

 In this work, the novel combination of GO and metal oxide (TiO2 and ZnO) with PVDF as polymer 

carrier using the NIPS method were successfully fabricated. Afterward, these fabricated membranes were 

employed for MB dye degradation to study their performance. To the best of our knowledge, the novelty of 

this study lies on the GO, TiO2 and ZnO hybridisation with PVDF for adsorption-photocatalysis application. 

Furthermore, The PVDF hybrid photocatalyst membrane with GO, TiO2 and ZnO presence for adsorption-

photocatalysis application are not well explored. We believe that this work is the first attempt to evaluate 

the relative competitiveness of PVDF/TiO2, PVDF/ZnO and PVDF/TiO2/GO membranes as photocatalysts 

in adsorption-photocatalysis process. 
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MATERIALS AND METHODS  

 
Materials 

  

PVDF, specifically Kynar 760 in palette form, served as the polymer carrier in this study. Commercially 

sourced TiO2 with a purity of ≥99.5% (Sigma-Aldrich) and ZnO nanoparticles, also with a purity of ≥
99.5% (Sigma-Aldrich), were employed as additives.The synthesis of GO involved the use of commercial 

single-tail sodium dodecyl sulfate (SDS) surfactant, graphite rods measuring 150 mm in length and 10 mm 

in diameter (Goodfellow GmbH, Germany, 99.99% purity) as electrodes, and N, N-dimethylacetamide 

(DMAc) as the solvent. For the adsorption-photocatalysis test, MB dye sourced from Sigma Aldrich was 

utilized. 

 

Synthesis of GO and fabrication of nanocomposite membrane 

 

The electrochemical exfoliation method, as previously documented in references [8], [11], [16], [17]. was 

employed for the synthesis of GO in this study. Subsequently, the fabrication of photocatalyst membranes 

was conducted through the NIPS method. For the preparation of PVDF/TiO2 and PVDF/ZnO membrane 

solutions, a mixture comprising 82 wt% DMAc, 15 wt% PVDF, and 3 wt% TiO2 or ZnO was meticulously 

formulated. Conversely, the solution for the PVDF/TiO2/GO membrane involved blending 15 wt% PVDF 

and 3 wt% TiO2 with an 82 wt% DMAc_GO solution. Subsequent to their formulation, the membrane 

solutions (PVDF/TiO2, PVDF/ZnO, and PVDF/TiO2/GO) underwent a 24-hour stirring process at 70°C to 

achieve homogeneity. Post-stirring, these homogeneous solutions were left at room temperature overnight 

to eliminate any entrapped air bubbles. To produce the membranes, the homogenous solutions were casted 

using a casting knife on a glass plate with a precise 200 µm casting gap. Finally, the casted membranes were 

directly immersed in deionized water (DI) and stored for subsequent utilization. This meticulous procedural 

approach ensured the generation of well-prepared and bubble-free membranes suitable for further scientific 

experimentation. 

 

Characterisation 
 

The membrane surface and cross-sectional morphology were subjected to comprehensive characterization 

using a Field Emission Scanning Electron Microscopy (FESEM) instrument, specifically the Hitachi 

SU8020 model. To facilitate optimal cross-sectional observations, a 2 x 2 cm² membrane sample underwent 

a controlled fracture induced by liquid nitrogen immersion prior to FESEM analysis. Subsequently, a thin 

gold layer coating was applied to the membrane samples to enhance surface conductivity for precise 

analysis. Elemental compositions of the samples were determined through Energy Dispersive X-ray 

Analysis (EDX) using the Horiba EMAX instrument. For studying structural properties, Micro-Raman 

spectroscopy was employed, utilizing the Renisha InVia microRaman System. Furthermore, Fourier 

Transform Infrared (FT-IR) spectroscopy, conducted with a Perkin Elmer instrument, was employed to 

elucidate the functional groups present in the fabricated membranes. The FT-IR analysis spanned the region 

of 400-4000 cm-1 and incorporated an Attenuated Total Reflection (ATR) accessory. Concurrently, the 

crystalline properties of the membrane samples were assessed using X-ray Diffraction (XRD) via the 

Rigaku-Miniflex 600 instrument. The diffraction patterns of the fabricated membranes were obtained using 

Cu Kɑ radiation in the 2θ range from 5° to 80° at a rate of 1/min (40 kV, 40 mA, λ=1.54060). This 

comprehensive suite of analytical techniques provided a nuanced and detailed characterization of the 

membrane's physical, elemental, and structural attributes, contributing to a deeper understanding of its 

properties. 

 

Photocatalytic degradation of MB 
 

The membrane sample, possessing a surface area of 7 x 7 cm², was introduced into a container containing 

a 10 ppm concentration of MB dye solution. Subsequently, the samples underwent an adsorption process 

for a predetermined duration before the commencement of photocatalytic activity. Upon reaching 

adsorption-desorption equilibrium, the MB dye solution and membrane samples were subjected to 
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irradiation with a UV lamp emitting at a wavelength of 365 nm for a duration of 24 hours. Samples were 

extracted at hourly intervals and analyzed using Ultraviolet-Visible (UV-Vis) spectroscopy (Agilent Cary 

60) within the wavelength range of 200 to 800 nm. 

 

The photodegradation efficiency (η) was calculated using Equation 1: 

 

𝜂 (%) =
(𝐶𝑜 − 𝐶𝑒𝑞)

𝐶𝑜
× 100% 

 

Where Co (ppm) and Ceq (ppm) are the initial and final of MB concentration, respectively. This rigorous 

experimental procedure allowed for the precise determination of the photodegradation efficiency of the 

membrane in the context of methylene blue dye degradation. 

 

 

RESULTS AND DISCUSSION  
 

FESEM and EDX analysis 
 

The examination of different photocatalyst membranes involved a detailed analysis of the surface 

morphology and cross-section using FESEM. In Figure 1, the surface morphology, cross-section view, and 

EDX spectra of the fabricated PVDF/TiO2 photocatalyst membranes are depicted. The smooth surface of 

PVDF/TiO2 membranes without cracks, as observed in Figure 1 (a), indicates a well-dispersed additive 

within the membrane matrix. The presence of TiO2 particles (indicated by yellow arrows) and PVDF 

(indicated by orange arrows) throughout the PVDF/TiO2 membrane signifies the successful blending of the 

TiO2 additive into the PVDF membrane components. This observation corroborates the findings of  

Benhabiles et al., [18], providing further evidence of successful additive integration into the PVDF 

membrane matrix. 

Figure 1 (b) illustrates the cross-section of the PVDF/TiO2 membrane, revealing a thin and dense skin 

layer with a finger-like structure and a thicker spongy structure at the bottom layer. The membrane exhibits 

a pore size ranging from 4.56 to 8.73 µm with a thickness of 69.0 µm. The larger pore size enhances the 

adsorption of molecules on the PVDF/TiO2 membrane, and the larger pores allow for more extensive light 

penetration, influencing the dispersion of the photocatalytic reaction [19].  

The elemental composition of PVDF/TiO2 membranes was confirmed through EDX analysis, as 

depicted in Figure 1 (c). The higher and lower atomic percentages of F (51.68%) and Ti (3.79%), 

respectively, were detected. Additionally, the atomic percentages of 5.57 and 38.95% further confirmed the 

presence of O and C in the PVDF/TiO2 membrane as well as completing the comprehensive understanding 

of its elemental composition. 
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Figure 1. illustrates the FESEM image of; (a) surface morphology, (b) cross-section and (c) EDX spectra of the 

fabricated PVDF/TiO2 photocatalyst membrane 

 

Figure 2 presents a comprehensive characterization of the fabricated PVDF/TiO2 photocatalyst 

membranes, encompassing surface morphology, cross-sectional analysis, and an elemental composition 

assessment via Energy Dispersive X-ray (EDX) spectroscopy. In Figure 2(a), the PVDF/ZnO membrane 

manifests a notably smooth surface, wherein the red arrows denote the presence of ZnO, while the orange 

arrows indicate PVDF. The ensuing cross-sectional perspective in Figure 2(b) reveals a similarity between 

the PVDF/ZnO and PVDF/TiO2 membranes, albeit with discernible differences. Specifically, the pore sizes 

in the PVDF/ZnO membrane, ranging from 4.46 to 7 µm, are comparatively smaller than those in the 

PVDF/TiO2 membrane. This variance arises from the heightened interaction between ZnO nanoparticles 

and PVDF, resulting in the formation of smaller pores during phase separation  [20].  

Further examination of the membranes indicates a slightly increased thickness in the PVDF/ZnO 

membrane (69.2 µm) in contrast to the PVDF/TiO2 membrane (69.0 µm). This discrepancy may be 

attributed to the disparate densities and mechanical properties of TiO2 and ZnO. Notably, the PVDF/ZnO 

membrane tends to form denser structures due to diminished material density and augmented mechanical 

strength [21]. The packing density of particles in the PVDF/ZnO membrane is less, potentially generating 

greater internal forces. 

The EDX analysis conducted on the PVDF/ZnO membrane, as depicted in Figure 2(c), furnishes 

valuable insights into the elemental composition. Notably, the atomic percentage of carbon (C) is prominent 

at 54.85%, followed by oxygen (O) at 36.34%. Zn, representing the ZnO component, constitutes a lower 

atomic percentage of 4.22%. This elemental distribution underscores the unique composition of the 

PVDF/ZnO membrane, highlighting its potential implications for photocatalytic applications. 

 

PVDF/TiO2 

Element Weight 

(%) 

Atomic 

(%) 

C 27.19 38.95 

O 5.18 5.57 

F 57.07 51.68 

Ti 10.56 3.79 

20 µm 

TiO2

CV 

(a) 

PVDF

CV 

(b) 

50 µm 

69.0 µm 

4.96 µm 4.56 µm 

 
8.73 µm 5.16 µm 

(c) 
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Figure 2. FESEM image of; (a) surface morphology, (b) cross-section and (c) EDX spectra of the fabricated 

PVDF/ZnO photocatalyst membrane 

 

 In Figure 3(a), the surface of the PVDF/TiO2/GO membrane exhibits a distinct smoothness, indicative 

of the successful integration of the GO layer, as denoted by the green arrows. Concurrently, the yellow 

arrows highlight the dispersion of TiO2 particles within the membrane, confirming the presence of both 

components in the composite structure. Notably, the PVDF/TiO2/GO membrane demonstrates an elongated 

finger-like structure with larger pore sizes ranging from 5.36 to 10.7 µm, surpassing those observed in the 

PVDF/TiO2 and PVDF/ZnO membranes (Figure 3(b)). Furthermore, the PVDF/TiO2/GO membrane boasts 

a marginally increased thickness of 69.8 µm compared to its counterparts. This augmentation is attributed 

to the accelerated solvent and non-solvent exchange rates facilitated by the presence of GO during the phase 

inversion process [17].  

  The enlarged pore size in the PVDF/TiO2/GO membrane enhances molecular adsorption, while 

simultaneously facilitating improved light penetration. This feature holds significance in influencing the 

dispersion of photocatalytic reactions within the membrane. Meanwhile, the EDX analysis depicted in 

Figure 3(c) reveals an atomic percentage of carbon (C) at 46.52%, surpassing oxygen (O) at 20.00%, 

fluorine (F) at 30.73%, and titanium (Ti) at 2.75%. These findings affirm the presence of TiO2 and GO 

nanoparticles on the surface of the PVDF membrane, substantiating the successful incorporation of these 

constituents into the composite structure. 

 

PVDF/ZnO 

Element Weight 

(%) 

Atomic 

(%) 

C 38.78 54.85 

O 4.32 4.59 

F 40.64 36.34 

Zn 16.26 4.22 

(c) 

20 µm 

(a) 

PVDF

CV 

ZnO

CV 

(b) 

50 µm 

4.46 µm 
6.20 µm 6.45 µm 

69.2 µm 
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Figure 3. presents the FESEM image of; (a) surface morphology, (b) cross-section and (c) EDX spectra of the 

fabricated PVDF/TiO2/GO photocatalyst membrane 

 

Micro-Raman analysis 
  

Figure 4 displays the micro-Raman spectra of the PVDF-based nanocomposite photocatalyst membranes, 

providing insights into the presence and vibrational characteristics of GO, TiO2, and ZnO. For the 

PVDF/TiO2 membrane, a distinctive peak at 142.85 cm⁻¹ is observed, corresponding to the Eg mode of the 

anatase phase of TiO2. This mode signifies the symmetric stretching of the Ti-O bond in the lattice [22]. 

However, the absence of A1g, B1g, and B2g peaks of the TiO2 anatase phase indicates a modification in the 

nanoparticles' vibrational behaviour due to interactions with the PVDF matrix. Consequently, the 

identification of these peaks becomes challenging [23]. In the case of the PVDF/ZnO membrane, a 

discernible peak at 438.65 cm⁻¹ is noted, corresponding to the E2 (high) mode of ZnO. This peak is attributed 

to the vibration of oxygen atoms within the hexagonal plane [14].  

 The micro-Raman spectrum of the PVDF/TiO2/GO membrane reveals a TiO2 peak at 145.31 cm⁻¹, 

influenced by the presence of GO [23]. It is proposed that oxygen-containing functional groups of GO 

interact with the TiO2 nanoparticles, influencing their vibrational characteristics [24], [25]. Next, the 

existence of GO in this sample was confirmed by the D- and G- band presence[16], [26], where the D-band 

(1331.46 cm⁻¹) represents defects in the graphite domain, and the G-band (1692.90 cm⁻¹) signifies the sp2 

hybridization of carbon atoms. The intensity ratio of D- and G-bands (ID/IG) is indicative of structural quality 

and disorder in carbon-based materials, with a higher ID/IG ratio suggesting a greater level of defects and 

disorder. The PVDF/TiO2/GO membrane exhibits a higher ID/IG ratio of 1.62, confirming a high level of 

defects in GO during the exfoliation process and a greater number of oxygen-functional groups [11].  

PVDF/TiO2/GO 

Element Weight 

(%) 

Atomic 

(%) 

C 35.05 46.52 

O 20.07 20.00 

F 36.62 30.73 

Ti 8.26 2.75 

20 µm 

GO

V 

(a) 

(c) 

TiO2

CV 

(b)

h 

6.94 µm 5.56 µm 

69.8 µm 
10.7 µm 

5.36 µm 

50 µm 
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Figure 4. showcases the Micro-Raman spectroscopy of the fabricated PVDF-based nanocomposite 

photocatalyst membranes 

 

FTIR analysis 
 

FTIR analysis was employed to discern the chemical functional groups within the fabricated PVDF-based 

nanocomposite photocatalyst membrane. Figure 5 portrays the FTIR spectra, offering insights into the 

molecular composition of the membranes. In Figure 5(a), the α-phase of PVDF is delineated at 762 cm⁻¹ 

for PVDF/TiO2 and PVDF/ZnO membranes. Notably, the introduction of graphene oxide (GO) in the 

PVDF/TiO2/GO membrane induces a slight shift of this peak to 760 cm⁻¹ [27]. The β-phase of PVDF/TiO2 

and PVDF/ZnO membranes is identified at 840 cm⁻¹, 876 cm⁻¹, and 1274 cm⁻¹. The β-phase peaks in 

PVDF/ZnO membrane shift marginally to 840 cm⁻¹, 874 cm⁻¹, and 1276 cm⁻¹, possibly due to the physical 

interaction between PVDF and ZnO nanoparticles [4]. The presence of GO intensifies and sharpens the β-

phase peaks in PVDF/TiO2/GO membrane, evidenced by peaks at 836 cm⁻¹, 876 cm⁻¹, and 1274 cm⁻¹  [27]. 

 Additionally, a distinctive peak at 1402 cm⁻¹ signifies C-H stretching vibration in PVDF/TiO2 

membrane, with a slight shift to 1400 cm⁻¹ in PVDF/ZnO due to the synergistic effect between PVDF and 

ZnO nanoparticles [14]. In PVDF/TiO2/GO membrane, the C-H bond is detected at 1400 cm⁻¹, indicating 

interactions between the molecular chains of PVDF and the diverse functional groups on the GO surface 

[28]. Confirmation of TiO2 presence in PVDF/TiO2 membrane is derived from peaks at 472 cm⁻¹ and 1660 

cm⁻¹, with a shift to 466 cm⁻¹ and 1660 cm⁻¹ in PVDF/TiO2/GO membrane, possibly influenced by the 

presence of GO altering the composition and distribution of TiO2 [29]. ZnO presence in PVDF/ZnO 

membrane is validated by a peak at 482 cm⁻¹, representing the Zn-O bond [30]. Figure 5(b) reveals a broad 

peak in the range of 3256 - 3420 cm⁻¹, attributed to the -OH bond stretching vibration of GO in 

PVDF/TiO2/GO membrane. This signifies the presence of oxygen-functional groups within the membrane 

[17]. 
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Figure 5. illustrates both (a) FTIR spectra and (b) the GO peaks enlargement of the fabricated PVDF-based 

nanocomposite photocatalyst membranes 

 

XRD analysis 
 

The XRD (X-ray Diffraction) analysis depicted in Figure 6 provides a comprehensive insight into the 

structural characteristics of the fabricated PVDF-based nanocomposite photocatalyst membranes. 

In the case of PVDF/TiO2, the α-phase crystallinity is affirmed by discernible diffraction peaks at 18.38° 

and 20.35°. Additional peaks at 25.30°, 27.43°, 37.81°, 48.01°, 53.95°, 55.06°, and 62.67° signify the 

presence of the anatase phase of TiO2 within the membrane [13], [29]. Moving to PVDF/ZnO, the α-phase 

crystallinity manifests at diffraction peaks of 18.42° and 20.08°. Furthermore, distinctive peaks at 31.87°, 

54.53°, 36.35°, 47.63°, 56.69°, 62.95°, and 68.03° confirm the presence of ZnO in the PVDF/ZnO 

membrane [31].  

 For PVDF/TiO2/GO membrane, the α-phase crystallinity of PVDF for PVDF/TiO2/GO membrane 

was slightly shifted to 20.64°. This situation was believed due to the GO presence in polymer matrix [29]. 

In addition, the TiO2 peak of PVDF/TiO2/GO membrane were slightly shifted to 25.34, 27.54, 37.85, 48.07, 

54.01, 55.23 and 62.82° compared to PVDF/TiO2 membrane, which might be due to the interaction between 

TiO2 and GO [32]. It is noteworthy that GO is not distinctly identified in the XRD spectra of 

PVDF/TiO2/GO, possibly due to its lower loading amount and interactions with TiO2 that disrupt the stacked 

sheets of GO. This phenomenon emphasizes the intricacies of the interactions within the composite 

structure, particularly between TiO2 and GO [11], [16]. The XRD analysis thus unravels the nuanced 

crystalline characteristics and interactions present in the PVDF-based nanocomposite photocatalyst 

membranes. 

(b) (a) 
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Figure 6. displays XRD patterns of the fabricated PVDF-based nanocomposite photocatalyst membranes. 

 

Adsorption-photocatalysis performance 
 

The adsorption-photocatalytic performance of the PVDF-based nanocomposite photocatalyst membranes is 

summarized in Table 2. According to the data, the PVDF/ZnO membrane exhibited a lower adsorption-

photocatalytic efficiency (89.80%) compared to the PVDF/TiO2 membrane (91.38%). This disparity can be 

attributed to the elevated band gap energy in ZnO, leading to an increased recombination rate of electrons 

and holes. Consequently, the material's capacity to absorb a limited range of UV light is compromised, 

impacting its overall performance [33]. 
 Upon the incorporation of graphene oxide (GO), the PVDF/TiO2/GO membranes exhibited a superior 

MB degradation percentage (91.89%) compared to both PVDF/TiO2 and PVDF/ZnO membranes. This 

enhancement is ascribed to the exceptional electron transport properties of GO, acting as an electron 

acceptor and prolonging the lifetime of charge carriers during the MB degradation process [10]. 

Consequently, the utilization of GO effectively mitigates the electron-hole recombination issue commonly 

encountered in metal oxide-based composites, thereby enhancing the overall degradation efficiency.   

 Moreover, the PVDF/TiO2/GO membrane undergoes an increase in the generation of ROS when 

exposed to UV light compared to PVDF/TiO2 and PVDF/ZnO membrane. This event exhibits a significant 

and efficient impact on the degradation of the MB dye. The complex interaction among the photocatalytic 

material, UV light, and the resulting production of ROS highlights the dynamic aspect of the photocatalytic 

process. The differences in adsorption-photocatalytic efficiency between the PVDF-based nanocomposite 

photocatalyst membranes provide insights into the factors that affect their performance. These differences 

highlight the importance of band gap energy and ROS generation in determining the overall effectiveness 

of these nanocomposite photocatalyst membranes. 

 
Table 2. provides a comprehensive overview of the adsorption-photocatalytic performance of the fabricated PVDF-

based nanocomposite photocatalyst membranes, measured over a 24-hour period. 

 

Membranes PVDF/TiO2 PVDF/ZnO PVDF/TiO2/GO 

MB dye degradation 

percentages (%) 

91.38 89.80 91.89 

 

 

CONCLUSION  
 

In conclusion, a series of PVDF-based nanocomposite photocatalyst membranes were successfully 

fabricated using the NIPS method. The assessment of MB dye degradation efficiency revealed that the 

PVDF/TiO2/GO membrane exhibited the highest performance at 91.89%, surpassing both PVDF/TiO2 
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(91.36%) and PVDF/ZnO (89.80%). The incorporation of GO is believed to have significantly contributed 

to the enhanced degradation efficiency in the PVDF/TiO2/GO composite. The abundant oxygen-containing 

functional groups in GO acted as effective electron traps, capturing electrons generated by light and 

minimizing their recombination with holes. This mechanism ultimately promoted more efficient charge 

separation. 

Furthermore, the PVDF/TiO2/GO membrane demonstrated a larger pore size compared to its 

counterparts, PVDF/TiO2 and PVDF/ZnO. This larger pore size not only facilitated the adsorption of MB 

but also reduced pore obstruction, facilitating the movement of substances. In essence, the PVDF/TiO2/GO 

membranes exhibit promising potential for application as photocatalyst membranes in the adsorption-

photocatalysis process for the treatment of dye contamination. The synergistic effects of GO in enhancing 

degradation efficiency and optimizing pore characteristics make these membranes a noteworthy candidate 

for further exploration in environmental remediation applications. 
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