
 

 

Nghiên cứu đặc trưng cấu trúc và hoạt tính quang xúc tác 

phân hủy dung dịch RhB của vật liệu màng C/g-C3N4/PVDF  

 
 

 

 
TÓM TẮT 

 

Vật liệu composite carbon/graphit carbon nitride/polyvinylidene fluoride (C/g-C3N4/PVDF) có cấu trúc dị thể 

được tổng hợp thành công bằng phương pháp đảo pha đơn giản. Hình thái, cấu trúc và hoạt tính quang xúc tác của 

các hạt C/g-C3N4 và màng composite đã được đánh giá. Nhờ hiệu ứng hiệp trợ giữa carbon và g-C3N4 được phân tán 

trên màng PVDF đóng vai trò là chất xúc tác đã cải thiện một cách đáng kể khả năng phân hủy chất màu rhodamine 

B trong dung dịch. Cụ thể, vật liệu C/g-C3N4/PVDF thể hiện hiệu suất quang xúc tác cao nhất (H = 89%) so với các 

vật liệu C/g-C3N4 (H = 82,97%) sau 160 phút chiếu sáng dưới vùng ánh sáng khả kiến. Với phương pháp đưa vật 

liệu lên màng đã khắc phục được những nhược điểm vốn có của các loại xúc tác truyền thống như khó thu hồi và 

khả năng tái sử dụng xúc tác với hiệu suất thấp sau nhiều chu kì. Vì vậy, nghiên cứu này dự kiến sẽ được mở rộng 

một cách triển vọng trong lĩnh vực công nghệ lọc màng. 

 

Từ khóa: Composite, polyvinylidene fluoride, C/g-C3N4/PVDF, rhodamine B, chất xúc tác quang. 
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ABSTRACT 

 

 Heterogeneous carbon/graphite carbon nitride/polyvinylidene fluoride (C/g-C3N4/PVDF) composite 

materials were successfully synthesized by a simple phase inversion method. The morphology, structure, and 

photocatalytic activity of C/g-C3N4 particles and composite films were evaluated. Thanks to the synergistic effect 

between carbon and g-C3N4 dispersed on the PVDF membrane acting as a catalyst, the ability to decompose 

rhodamine B dye in solution was significantly improved. Specifically, the C/g-C3N4/PVDF material exhibited the 

highest photocatalytic efficiency (H = 89%) compared to the C/g-C3N4 material (H = 82.97%) after 160 minutes of 

illumination under visible light. The method of putting materials on the membrane has overcome the inherent 

disadvantages of traditional catalysts, such as difficulty in recovery and the ability to reuse the catalyst with low 

efficiency after many cycles. Therefore, this study is expected to be prospectively extended in membrane filtration 

technology. 

 

Keywords: composite, polyvinylidene fluoride, C/g-C3N4/PVDF, rhodamine B, photocatalyst. 

 

1. INTRODUCTION 

Photocatalysis has emerged as one of the most 

promising green technologies thanks to its 

environmental benefits, cost-effectiveness, and 

high efficiency. It has found widespread 

applications in environmental management and 

energy conversion.1,2 A crucial aspect of 

advancing photocatalytic technology lies in 

developing new photocatalysts that efficiently 

harness solar energy, addressing the pressing 

need for environmental remediation today. 

Rhodamine B (RhB) is one of the most popular 

dyes for the printing, textile, and leather 

industries, which could cause environmental 

pollution if not treated appropriately. Various 

technologies have been explored recently to 

develop effective methods for completely 

removing pharmaceutical and dye compounds 

from water.3,4 Among these, advanced oxidation 

processes (AOPs) have been identified as a 

promising solution for treating difficult-to-

degrade compounds. AOPs, remarkably 

heterogeneous photocatalysis,  have received 

significant due to their high efficiency in 

removing pharmaceuticals.5,6 Photocatalysts 

absorb photons from an external light source to 

generate electron-hole pairs, participating in 

redox reactions. Among the various 

photocatalysts, graphitic carbon nitride (g-C3N4) 

has emerged as a promising metal-free, layered 

material easily synthesized by thermal 

condensation using inexpensive and abundant 

organic precursors in soil, such as urea.7 

As a narrow band gap semiconductor (2.7 eV), 

g-C3N4 demonstrates stable physicochemical 

properties, excellent thermal stability, and 

remarkable photoelectron transfer capabilities. 

Additionally, it is non-toxic, easy to store, and 

can be obtained from various sources.8 Recently, 

g-C3N4 has become an optimal choice for 

forming heterostructured materials with wide-

band gap semiconductors. For example, Wang et 

al. developed a unique in situ microwave-

assisted synthesis method to fabricate N-TiO2/g-

C3N4 composites, which showed significant 

improvements in photocatalytic activity.9 

Similarly, Miranda et al. successfully obtained 

g-C3N4/TiO2 composites with high photoactivity 

by combining hydrothermal and sintering 

methods, achieving a final phenol conversion 

rate of approximately 90%.10 However, g-C3N4 

has shortcomings, such as a small specific 

surface area and a high recombination rate of 

photogenerated electron-hole pairs. To 

overcome this drawback, many methods have 



been applied to modify g-C3N4, such as 

preparing g-C3N4 in capillary structures and 

modifying g-C3N4 by doping techniques or 

grafting with other semiconductors to composite 

materials. 11,12  

Polyvinylidene fluoride (PVDF) is widely used 

for membrane fabrication due to its high 

mechanical strength, chemical resistance, and 

thermal stability.13,14 Several g-C3N4-PVDF 

membranes have been developed and 

successfully applied in studies aimed at 

removing pollutants from water in continuous 

flow mode, with photocatalysts serving as self-

cleaning materials that exhibit antifouling 

properties.15,16 

The main objective of this study is to modify the 

surface of PVDF membranes with g-C3N4. The 

performance of the modified membranes was 

evaluated in the degradation of Rhodamine B 

dye.  

2. EXPERIMENTAL  

2.1. Material synthesis 

Chemicals: All chemicals used for material 

synthesis include potassium hydroxide (KOH, 

90%), hydrochloric acid (HCl, 37%), 

polyvinylidene fluoride (PVDF), N-Methy-2-

pyrrolidone (NMP) urea (CO(NH2)2, ≥99%) 

(Sigma-Aldrich) and rhodamine B 

(C28H31ClN2O3) Merck 

2.2. Materials synthesis:  

2.2.1. Synthesis of C/g-C3N4 

A mixture of urea (15 g) and C (0.1 g) was 

dispersed in a water-alcohol solution (1:1 ratio) 

and then subjected to ultrasonic vibration for 30 

minutes. The mixture was continuously stirred at 

60 oC until the water and alcohol wholly 

evaporated. The resulting solid was ground and 

heated in Argon gas at 550 oC for 1 hour. The 

product was washed, filtered, and dried at 80 oC 

for 12 hours to obtain the final product, C/g-

C3N4. 

2.2.2. Synthesis of C/g-C3N4/PVDF membrane 

material 

Add 0.1 grams of C/g-C3N4 material to a glass 

jar with a lid, then add 5 mL of N-Methy-2-

pyrrolidone (NMP). Sonicate the mixture for 10 

minutes, followed by stirring for 30 minutes. 

Afterward, continue sonicating for another 20 

minutes and stir for 20 minutes. Next, add 0.646 

grams of polyvinylidene fluoride (PVDF) and 

stir the mixture at 40 oC for 4 hours. Allow the 

mixture to stand for 3 hours. Use a stainless steel 

knife (250 µm x 15 cm) to evenly roll the 

mixture onto a glass surface to form a composite 

film. Quickly immerse the glass with the film 

into the water to perform the phase inversion 

process.17 The resulting product is denoted as 

C/g-C3N4/PVDF. 

The process for dispersing g-C3N4 onto PVDF 

polymer is carried out similarly, and the product 

obtained is denoted as g-C3N4/PVDF. 

2.3. Material characterization 

The synthesized materials were characterized 

using several techniques.  Infrared spectroscopy 

IR was performed on a Shimadzu IR Prestige-

21). The crystal phase was analyzed by X-ray 

diffraction (XRD) using a Siemens D-500 

Bruker system. Scanning electron microscopy 

(SEM) and X-ray energy dispersive 

spectroscopy (EDS) were conducted using a 

JSM-7600F device. Photoluminescence (PL) 

spectra were measured on a Hitachi F-7000 

instrument with an excitation wavelength of 360 

nm. 

2.4. Photocatalytic evaluation 

The photocatalytic activity of the obtained 

materials was evaluated by the decomposition of 

Rhodamine B (RhB) in an aqueous solution 

under visible light irradiation. Materials 

membrane containing 0.1 g of the photocatalyst 

was added to 100 mL of RhB solution with a 

concentration of 10 mg/L and stirred in the dark 

for 30 minutes to achieve adsorption-desorption 

equilibrium. The photocatalytic process was 

then initiated under a 30W LED light. Every 20 

minutes, 5 mL of the solution was centrifuged to 

remove the solid part. The concentration of RhB 

in the solution was determined on a UV-Vis 

meter (CE-2011) at a wavelength of 553 nm. 

3. RESULTS AND DISCUSSION 

3.1. Material characteristics 

XRD patterns were used to determine the 

crystalline phase of g-C3N4/PVDF and C/g-

C3N4/PVDF composites, as shown in Figure 1a. 

 

Figure 1. (a) XRD and (b) FT-IR patterns of PVDF, 

g-C3N4, g-C3N4/PVDF, and C/g-C3N4/PVDF. 



PVDF is a semi-crystalline polymer with two 

main crystalline phases, α and β.18,19 The results 

in Figure 1 indicate three characteristic peaks at 

18.5o, 20.1o, and 26.7o, which are assigned to the 

reflection planes of (020), (110), and (021), 

corresponding to the α crystalline phase. When 

g-C3N4 or C/g-C3N4 were added to the PVDF 

polymer to form g-C3N4/PVDF and C/g-

C3N4/PVDF composites, no significant change 

was observed compared to the pure PVDF 

sample. The three peaks attributed to the 

reflections of PVDF remain at nearly the same 

position but with varying intensities. The XRD 

pattern of g-C3N4 (Figure 1a) shows two 

characteristic peaks at 27.6o and 13.1o 

corresponding to the (002) and (100) reflection 

planes of graphite-structured materials.20 In 

addition, the characteristic peak at 27.6o 

corresponding to the (002) plane of g-C3N4 

appears in both the g-C3N4/PVDF and C/g-

C3N4/PVDF samples (Figure 1a). The peak at 

27.6o corresponding to the (002) plane of g-C3N4 

is believed to result from the alternating stacking 

of conjugated aromatic units, similar to graphite 

structure.21 The peak at 13.1o of g-C3N4 was not 

seen in the XRD patterns of g-C3N4/PVDF and 

C/g-C3N4/PVDF materials, possibly due to the 

small amount of g-C3N4 in the sample. The 

diffraction peaks of the C/g-C3N4/PVDF 

composite are more intense than those of the g-

C3N4 sample, likely due to carbon increasing the 

intensity of the peaks in this material sample. 

FT-IR spectra were employed to characterize the 

chemical bond characteristics of the samples, 

and the results are presented in Figure 1b. The 

FTIR spectrum of g-C3N4 shows broad shoulder 

absorption bands at 3187 cm-1 corresponding to 

the stretching vibrational pattern of N-H in the 

incompletely condensed amine group or OH of 

the adsorbed water. In addition, there are some 

dominant, strong bands in the 1100–1700 cm−1 

region in the IR spectrum, corresponding to the 

characteristic vibrational pattern of CN 

heteroaromatic rings. Specifically, the peaks 

around 1639 cm-1 and 1574 cm-1 can be 

attributed to the characteristic vibrational pattern 

of C=N bonds, while the peaks at 1247 cm-1 to 

1458 cm-1 are assigned to the stretching 

vibrational pattern of C-N bonds in conjugated 

aromatic rings. The bands at 1325 cm−1 and 

1247 cm−1 correspond to the valence vibrations 

of the C-N(-C)-C bridging units with a fully 

condensed system or C-NH-C with a partially 

condensed system. In addition, a sharp 

absorption band at 820 cm−1 is attributed to the 

deformation vibrations of the N-H groups of the 

triazine units. 22,23.  

The FTIR spectrum of the PVDF membrane 

shows that the peak at 763 cm-1 corresponds to 

the bending vibration of the CF2 group. The 

peaks at 794 and 977 cm-1 are attributed to the 

shaking vibration of the CF2 group, while the 

peak at 1170 cm-1 is associated with the valence 

vibration of the CF2 group.24,25 The peak at 1413 

cm-1 is deemed to be the valence vibration of the 

C-H functional group. In addition, the PVDF 

sample exhibits peaks at 875, 615, 531, and 490 

cm-1, all of which correspond to PVDF's α phase 

crystal structure.26 For the composite membrane 

materials g-C3N4/PVDF and C/g-C3N4/PVDF, 

the peak appearing at 1639 cm-1 is attributed to 

the valence vibration of the C=N group.27 The 

peaks at 2979 and 1411 cm-1 are assigned to the 

valence and deformation vibrations of the CH2 

group, respectively. In addition, the peak at 1181 

cm-1 vibration is related to the valence vibration 

of the CF2 group.28 

The SEM images reveal that the surface of pure 

PVDF (Figure 2a) exhibits a homogeneous 

morphology. In comparison, the SEM image of 

g-C3N4/PVDF (Figure 2b) shows numerous 

voids between g-C3N4 and polymer chains, 

which are formed due to the particle distribution 

during the sample preparation. The SEM image 

of the C/g-C3N4/PVDF composite (Figure 2c) 

shows that many small particles are evenly 

dispersed on the PVDF substrate. These 

observations confirm that the presence of carbon 

in the composite sample influences the voids 

between particles and polymer chains.21 



 

Figure 2. FE-SEM images of (a) PVDF, (b) g-

C3N4/PVDF, (c) C/g-C3N4/PVDF, (d) mapping 

images of N, (e) C and (g) F elements. 

The EDX spectrum in Figure 3 was used to 

identify the elements in the characterized C/g-

C3N4/PVDF composite membrane material.  

The mapping images in Figures 2 d, e, g, and 

Figure 3a confirm the presence of C, F, and N 

elements in the C/g-C3N4/PVDF composite. The 

results showed that the elements on the surface 

membrane were mainly C, F, and N, with 

contents of 39.61%, 56.44%, and 3.95%, 

respectively, indicating that the membrane 

agglomeration was a C/g-C3N4 catalyst. 

 

Figure 3. (a) EDX spectrum of C/g-C3N4/PVDF and 

(b) UV-Vis DRS spectra of g-C3N4/PVDF and C/g-

C3N4/PVDF composite membrane. 

The UV-Vis spectra of g-C3N4/PVDF and C/g-

C3N4/PVDF composite membrane materials are 

shown in Figure 3b.  

The results show that g-C3N4/PVDF and C/g-

C3N4/PVDF composite membranes absorb in the 

ultraviolet region and extend into the visible. 

Compared with the g-C3N4/PVDF sample, the 

C/g-C3N4/PVDF composite membrane has a 

higher absorption intensity than the g-

C3N4/PVDF in the visible region. This may be 

due to the presence of carbon in the composite. 

As the photocatalytic activity of semiconductor 

materials is greatly affected by the 

recombination rate of photogenerated electron 

and hole pairs, the photoluminescence (PL) 

spectrum is used to evaluate this recombination 

ability. The photoluminescence spectra of 

PVDF, g-C3N4/PVDF, and C/g-C3N4/PVDF 

materials are presented in Figure 4. 

 

Figure 4. PL spectra of PVDF, g-C3N4/PVDF, and 

C/g-C3N4/PVDF materials. 

PL spectra of PVDF, g-C3N4/PVDF, and C/g-

C3N4/PVDF materials were conducted with an 
excitation wavelength of 390 nm. As shown in 

Figure 4, the C/g-C3N4/PVDF and C3N4/PVDF 

show peaks at 435 and 438 nm, respectively. 

However, the C/g-C3N4/PVDF composite 

membrane material exhibits lower emission 

intensity than g-C3N4/PVDF, which may be due 

to the addition of carbon helping improve the 

dispersion of the material. No significant PL 

intensity is observed across the entire measured 

PL spectrum for the PVDF membrane, 

indicating its limited adsorption properties. 

Consequently, the luminescence intensity is very 

low and nearly non-existent. Since PVDF does 

not have inherent luminescence, the observed 

PL shift is attributed to the excitation effect 

induced by adding g-C3N4 and carbon.29 The PL 

spectral results suggest that the recombination 

rate of electron-hole pairs in C/g-C3N4/PVDF is 

lower than in g-C3N4/PVDF. This enhanced 

electron separation in C/g-C3N4/PVDF creates 

favorable conditions for photogenerated 

electrons to diffuse to the catalyst surface, where 

they interact with adsorbed H2O or O2 molecules 

to generate active free radicals, thus improving 

the efficiency of pollutant treatment. 

3.2. Photocatalytic performance  

The results of the photocatalytic evaluation for 

PVDF, g-C3N4/PVDF, and C/g-C3N4/PVDF are 

shown in Figure 5a.  



 

Figure 5. (a) RhB decomposition and (b) pseudo-

first-order kinetic model under visible light of g-

C3N4/PVDF, C/g-C3N4, and C/g-C3N4/PVDF 

materials. 

After 160 minutes of illumination, the RhB 

decomposition efficiency of the C/g-C3N4/PVDF 

composite membrane reached 89%, which was 

higher than that of C3N4/, which achieved 

efficiencies of  45.92%. For the RhB solution of 

the PVDF fiber membrane without catalyst 

powder, the concentration remained almost 

unchanged under dark adsorption and light 

conditions, and the adsorption of RhB in the 

dark was only 2.09%, which also shows that 

pure PVDF has no degradation ability for RhB 

under natural conditions. After the PVDF 

membrane was laminated with g-C3N4 or C/g-

C3N4 composite, the adsorption capacity of RhB 

in the dark was enhanced, which also shows that 

part of the g-C3N4 or C/g-C3N4 catalyst was 

exposed on the membrane, thereby increasing 

the dark adsorption of RhB by the composite 

membrane. Therefore, the ability to decompose 

RhB will increase when exposed to light. This is 

consistent with the results discussed in PL and 

UV-Vis DRS spectra.  

These results highlight the potential of g-

C3N4/PVDF C/g-C3N4/PVDF composite for 

practical membrane-based environmental 

treatment applications. 

Furthermore, Figure 5b presents the fitting 

results of the photoreduction kinetic curves of 

RhB over different samples using the first-order 

reaction kinetics equation of -ln(C/Co)=kt. The 

maximum photoreduction rate constant of RhB 

over the C/g-C3N4/PVDF photocatalysis 

membrane is 0.0116 min-1, which is about 2.6 

times that of pure g-C3N4 (0.0045 min-1). These 

results demonstrate that the synergistic effect of 

C/g-C3N4 and PVDF membrane improves the 

photoreduction performance of g-C3N4.30 

3.3. Photocatalytic cycle experiment 

The photocatalytic stability of the C/g-

C3N4/PVDF composite membrane was analyzed 

by conducting a cycle stability experiment 

(Figure 6).  

 

Figure 6. Reusability of C/g-C3N4/PVDF membrane 

materials. 

The results showed that the removal rate of RhB 

was 89% when the C/g-C3N4/PVDF composite 

membrane was used for catalytic degradation 

once. After ultrasonic cleaning of the recovered 

composite membrane, the degradation efficiency 

of RhB was 84.2% (second time) after 160 min 

of illumination. After repeating twice, the 

removal rates of RhB were 82.5% (third time) 

and 80.6% (fourth time), respectively. This 

shows that the membrane can effectively 

photocatalytically degrade RhB and can be 

reused through water-washing regeneration. 

After regeneration three times, the membrane 

maintained a high efficiency, indicating that the 

prepared C/g-C3N4/PVDF membrane has efficient 

photocatalytic and excellent regeneration 

performance for RhB. 

4. Conclusion 

The phase inversion method successfully 

synthesized g-C3N4/PVDF C/g-C3N4/PVDF 

materials. The C/g-C3N4/PVDF composite 

membrane exhibits excellent photocatalytic 

activity under visible light with an efficiency of 

89% after 160 min of illumination, which was 

superior to those of g-C3N4/PVDF and pure 

PVDF membranes (45.92% and 2.09%, 

respectively). At the same time, it has stable 

recycling performance. Even after 4th recycling, 

the degradation efficiency reaches 80.6%, 

indicating that the C/g-C3N4/PVDF composite 

membrane has broad application prospects in the 

photocatalytic degradation of organic dyes in 

wastewater. 
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