
Flexible PAN-Bi2O2CO3-BiOI heterojunction nanofiber 

and the photocatalytic degradation property 
 

Pingping Tenga, Jiabao Zhua, Zhiang Lia, Kang Lib, NigelCopnerb, Shuai Gaoa,*, Enming Zhaoc, 

Xiaoliang Zhud, Zhihai Liua,*, Fengjun Tiana, Yu Zhanga 

 

aKey Laboratory of In-Fiber Integrated Optics, Ministry of Education, College of Science, Harbin Engineering 

University, Harbin 150001, China 

bWireless & Optoelectronics Research & Innovation Centre, Faculty of Computing, Engineering & Science, 

University of South Wales, Wales, CF37 1DL, UK 

cSchool of Engineering, Dali University, Dali 671000, China 

dZhejiang Gongshang University, School of Information&Electronic Engineering (Sussex AI Institute), Hangzhou 

310018, China 

* Corresponding author  

shuai.gao@hrbeu.edu.cn; liuzhihai@hrbeu.edu.cn  

  

Manuscript Click here to view linked References



Abstract 

In this paper, one-dimensional PAN-Bi2O2CO3-BiOI photocatalytic nanofibers were prepared 

using flexible PAN nanofibers as carriers. Bi2O2CO3 was first grown on the surface of PAN 

nanofibers, and then BiOI was loaded on Bi2O2CO3 by ion exchange method. The characterization 

results showed that PAN-Bi2O2CO3-BiOI nanofibers have a diameter of about 210 nm and regular 

fiber morphology. The results of UV-Vis diffuse reflectance spectroscopy, XRD and XPS showed 

that Bi2O2CO3-BiOI composed of granular semiconductor nano heterostructures with high specific 

surface area were uniformly loaded on the surface of PAN fiber. The photocatalytic degradation 

experiment of the material showed high visible light photocatalytic activity. The preparation of 

Bi2O2CO3-BiOI heterojunction improved the photoelectron hole separation efficiency of BiOI 

under visible light. PAN-Bi2O2CO3-BiOI fibers showed high photocatalytic degradation efficiency 

for rhodamine B. The degradation efficiency was more than 95% within 120 min irradiation. Free 

radical trapping experiments showed photocatalysts mainly produced O2-,·OH and h+, which 

played a major role in photocatalysis.  
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1. Introduction 

In recent years, the problem of environmental pollution caused by organic pollutant has become 

increasingly serious, and photocatalyst technology has gradually become an effective means to 

control organic pollution [1-7]. The main factor influence the application of photocatalytic 

technology is low efficient utilization of visible light. At present, doping, photosensitization and 

semiconductor are the main methods to expand the wavelength range of photocatalytic utilization 

to visible light and improve their photocatalytic activity. Especially, semiconductor photocatalytic 

materials have the characteristics of high specific surface area and tunable band gap by 

constructing heterojunctions, which can significantly improve the electron-hole separation 

efficiency under the irradiation of visible light thereby improving the photocatalytic activity [8-15]. 

Simultaneously, visible light photocatalytic oxidation technology has mild reaction conditions. By 

adjusting the band gap width, semiconductor photocatalytic materials can degrade 

macromolecular organic pollutants into non-toxic small molecular compounds under sunlight 

illumination conditions. 

Among them, bismuth semiconductors (bismuth tungstate, bismuth vanadate, bismuth halide, 

bismuth titanate, bismuth oxycarbonate, etc.) have attracted increasing attention because of their  

high carrier concentration due to the layer nanocrystal structures and the internal electrostatic field 

[16-22]. Especially, Bi2O2CO3 photocatalyst, as a new type of semiconductor photocatalytic 

material, has layered structure and suitable forbidden band width (about 3.20 eV) [23-25]. It is an 

Aurivillius-type oxide composed of alternating layers of [Bi2O2]2+ and CO32-. Bi2O2CO3 shows 

great potentials in photocatalytic oxidation and degradation of organic pollutants [26, 27]. 

However, the nanometer Bi2O2CO3 catalyst has the problems of difficulty in separation and secondary 

pollution [28]. At the same time, pure phase Bi2O2CO3 has a higher electron-hole carrier 

recombination probability which limits its catalytic performance. 

In addition, bismuth oxyhalide (such as BiOCl, BiOBr, and BiOI) is a class of indirect band gap 

semiconductor which has wide band gap and strong photochemical stability [29-31]. In BiOX 

(X=Cl, Br, I), the photoelectrons usually pass through the k-space and back to the valence band. It 

will reduce the carrier current. This process will promote the separation of photogenerated 

electron hole in it. In particular, bismuth halide (BiOI) with layered atomic arrangement and 

unique electronic structure has a narrow band about 1.8 eV and strong absorption in the visible 



light region [32-35]. Considering that both BiOI and Bi2O2CO3 contain bismuth ion, Bi2O2CO3-BiOI 

heterojunction can be constructed by ion exchange method by generating BiOI on the surface of 

Bi2O2CO3 [36,37]. On the other hand, electrospun fibers with high specific surface area are widely 

concerned in visible-light photocatalysis [38-40]. Compared with the direct doping method, the 

growth of catalyst on the surface of electrospun fiber is easy to increase load capacity. Especially, 

PAN electrospun nanofiber with smooth surface is more suitable as a catalyst carrier because it is 

stable in water phase. Moreover, the flexible disordered fibers constitute a macroscopic mesh structure 

and is convenient for separation, recovery and reuse of the catalyst. Therefore, electrospun PAN 

nanofibers are suitable as the carrier to solve the difficulty of agglomeration and recycle of catalyst. 

In this paper, we use electrospun PAN as a template to grow Bi2O2CO3 nanoparticles on its 

surface by the alternate growth method, and then to grow BiOI on the Bi2O2CO3 surface by the ion 

exchange method to form Bi2O2CO3-BiOI photocatalytic heterojunctions. 

2. Experimental section 

2.1. Chemicals 

All the reagents in this study are of analytic grade and used without further purifification. 

Bismuth nitrate pentahydrate (Bi(NO3)3·5H2O) was purchased from Shanghai Macklin 

biochemical technology Co., Ltd. Potassium iodide (KI) and anhydrous sodium carbonate 

(Na2CO3) were obtained from Shanghai Aladdin biochemical technology Co., Ltd. 

Polyacrylonitrile (PAN) was purchased from Dow chemical group. 

2.2. Electrospinning of PAN nanofibers 

First, solution of PAN electrospun precursor was prepared. 2 g of PAN (MW=150000) and 15 

mL of N-N dimethylformamide (DMF) was dissolved with stirring. The mixture was fully 

dissolved under magnetic stirring at 50 °C for 2 h to form a transparent solution. After stirring, the 

prepared precursor was aged overnight. The aged precursor solution was transferred into a syringe 

with the volume of 5 mL, then it was connected with the high-voltage electrostatic power supply 

and the voltage was set to 12 kV. The electrospun fibers were collected with a grounded  

aluminum foil. The distance between the spinneret and the receiving aluminum foil was between 

about 15 cm, and the flow rate of the syringe pump was 15 μL/min. The air humidity was 

controlled below 40% by a dehumidifier, and the fibers were collected continuously for 10 h. 

2.3. Preparation of PAN-Bi2O2CO3 nanofibers 



After completing the preparation steps of PAN flexible fibers, Bi2O2CO3 nanosheets were 

grown on the surface of the prepared nanofibers through alternating contact with Bi3+ ions and 

carbonate anions at room temperature. Specifically, 9.4 g of Na2CO3 was dissolved in 200 mL of 

deionized water, which was marked as solution 1. 5.5 g of Bi(NO3)3·5H2O was dissolved in 200 

mL of deionized water. Nitric acid was added dropwise to dissolve all the Bi(NO3)3, and it as 

marked as solution 2. 100 mg of PAN nanofibers were first soaked in solution 1 for 2 min, and 

taken out and washed in clean water. Then, it was soaked in solution 2 for 2 min, and washed 

again in water to remove excess ions. The above process is a growth cycle. In order to control the 

amount of Bi2O2CO3 growing on the surface of the fibers, the number of cycles was adjusted. 

2.4. PAN-Bi2O2CO3-BiOI semiconductor heterojunction nanofibers 

BiOI was loaded onto Bi2O2CO3 by ion substitution. 100 mg of the above PAN-Bi2O2CO3 

nanofibers were soaked in 100 mL of deionized water dissolved with 0.1 g, 0.3 g, 0.65 g and 1.5 g 

KI, respectively, and the reaction time was 30 min. During this process, it can be observed that the 

color of the fibers gradually turns to yellow as the time becomes longer and the concentration of 

KI increases. After soaking, the fibers were washed twice with deionized water and anhydrous 

ethanol to remove the residue, and then dried in a vacuum oven at 60 °C for 2 h. The 

PAN-Bi2O2CO3-BiOI obtained at four different concentrations were marked as S1 to S4, 

respectively. For the experimental data comparison, the experimental comparison was made by 

using the same method as above to prepare PAN-BiOI nanofibers with pure PAN fibers. 

3. Results and discussion 

3.1 Structure characterization 

The crystal structures of the samples were characterized by XRD. Fig. 1 shows the XRD curve 

of PAN-BiOI, PAN-Bi2O2CO3, and PAN-Bi2O2CO3-BiOI samples with different reaction 

conditions. It can be observed from the XRD result that the diffraction peak of PAN-Bi2O2CO3 

corresponds to PDF#41-1488. 30.3º, 32.7º, 42.3º and 56.9º correspond to the (013), (110), (114) 

and (123) diffraction planes of the tetragonal Bi2O2CO3, respectively. The diffraction peaks of 

Bi2O2CO3 and BiOI can be clearly observed in the PAN-Bi2O2CO3-BiOI heterojunction sample. 

The diffraction peak of BiOI (PDF#10-0445) at 29.6º, 31.6º, 39.4º, 45.3º, 55.1º correspond to 

(102), (110), (004), (200) and (212) crystal planes, respectively. As shown in the S1-S4 diffraction 

curve in the figure, it can be observed that the BiOI diffraction peak at 39.4º is gradually enhanced 



with the increase of the substitution amount of BiOI, and the Bi2O2CO3 diffraction peak at 30.3º is 

gradually weakened due to the formation of BiOI by Bi and I on the surface of Bi2O2CO3, which 

proves the formation of Bi2O2CO3-BiOI heterojunctions. At the same time, with the increase of the 

amount of BiOI on the fiber surface, the color gradually changed from white to yellow, which 

proved the formation of BiOI on the surface of the fibers. 

  
Fig. 1 X-ray powder diffraction results of PAN-BiOI, PAN-Bi2O2CO3 and PAN-Bi2O2CO3-BiOI samples. S1-S4 

are PAN-Bi2O2CO3-BiOI samples prepared under different KI substitution conditions, respectively 

 

Fig. 2 SEM pictures of the PAN and PAN-Bi2O2CO3-BiOI fibers (a) PAN, (b)-(d) PAN-Bi2O2CO3-BiOI fibers of 

S3 with different magnification 

3.2 Morphologies of the samples 

Figure. 2 is scanning electron microscope photographs of the samples. Fig. 2(a) shows the bare 



PAN fiber, which is about 200 nm in diameter and has a smooth surface. When using Na2CO3 and 

Bi(NO3)3 to alternately grow Bi2O2CO3 on PAN surface and perform ion substitution, 

PAN-Bi2O2CO3-BiOI is formed on the surface. The Bi2O2CO3-BiOI on the outside of the PAN 

fiber granular and evenly covers the surface of the PAN. It can be observed from the enlarged Fig. 

2(d) that the particle diameter is about 40 nm and the diameter is uniform. Fig. 3 is an X-ray 

energy spectrum scan of PAN-Bi2O2CO3-BiOI fibers. It can be observed from the element overlap 

diagram in Fig. 3(a) that the fibers contain the main components of Bi, O, and I of Bi2O2CO3-BiOI. 

From Fig. 3(a)-(d), the distribution of various elements is uniform, indicating that Bi2O2CO3-BiOI 

is uniformly formed on the fiber surface. 

 
Fig. 3 X-ray energy spectrum scan of PAN-Bi2O2CO3-BiOI nanofibers 



 

Fig. 4 TEM surface elements distribution of PAN-Bi2O2CO3-BiOI fiber (a) C (b) Bi (c) O (d) I 

To further characterize the elemental fractionation on the surface of a single fiber, the S3 sample 

of PAN-Bi2O2CO3-BiOI was analyzed by transmission electron microscopy. Figure 4 is a TEM 

image of surface element distribution map for a single fiber, and the corresponding sample has 

been chopped and dispersed by ultrasonication in ethanol. Fig. 4(a) shows the distribution of 

carbon element. Since C element is the main element in PAN, the outline of the fiber can be seen. 

Fig. 4(b)-(d) are the distribution diagrams of Bi, O, and I, respectively. It can be seen that the three 

elements of Bi, O and I, which constitute Bi2O2CO3-BiOI, on surface of the fiber, indicating the 

formation of BiOI on the surface of Bi2O2CO3. 

 



 
Fig. 5 HRTEM of PAN-Bi2O2CO3-BiOI heterojunction structure (a) Image of PAN-Bi2O2CO3-BiOI TEM (b) 

high resolution TEM of lattice structure of heterojunction 

The Bi2O2CO3-BiOI heterojunctions on the PAN surface was further characterized by high 

resolution TEM. Figure 5 is a high resolution transmission electron microscope photograph from a 

S3 fiber sample of PAN-Bi2O2CO3-BiOI. Fig. 5(b) is a high-resolution analysis of the region in 

Fig. 5(a) where nanoparticles are retained on the surface of the PAN fiber. As shown in the figure, 

two different lattice fringes can be observed in Fig. 5(b). The corresponding crystal planes are 

(004) and (013) for BiOI and Bi2O2CO3, respectively. And the lattice spacings of BiOI and 

Bi2O2CO3 are 0.228 nm and 0.295 nm, respectively. This shows that BiOI and Bi2O2CO3 

heterojunctions are formed on the surface of PAN fibers. This is mainly due to the I- anions taking 

Bi3+ ions in Bi2O2CO3 to form BiOI. This surface growth reaction favors the formation of 

heterojunctions, which corresponds to the enhancement and weakening of the diffraction peaks of 

BiOI and Bi2O2CO3 in the XRD results. In the XRD patterns, the (013) diffraction peak of 

Bi2O2CO3 gradually weakened with the reaction, while the intensity of the (004) diffraction peak 

of BiOI overlapped with the diffraction peak of Bi2O2CO3 was enhanced, which proved that BiOI 

gradually covered part of the Bi2O2CO3 crystal plane. 

 

 



 

Fig. 6 X-ray photoelectron spectroscopy of PAN-Bi2O2CO3-Bi fiber (a) Full spectrum scanning (b)-(e) Bi 4f, C 

1s, I 3d, O 1s 

3.3 Chemical composition and valence states of photocatalyst 

To characterize the chemical composition and valence states of the nanoheterojunctions 

supported on the surface of PAN fibers, the fibers was characterization by X-ray photoelectron 

spectroscopy (XPS). The XPS spectrum of the S3 sample fiber is shown in Fig. 6. Fig. 6(a) is the 

full spectrum scan of the sample. It contains elements such as Bi, O, N, I, and C. This is consistent 

with the main components of PAN-Bi2O2CO3-BiOI. The small peak near 435 eV corresponds to 

the Bi 4d orbit. The peak near 400 eV corresponds to the N 1s orbit and is related to the PAN 

component. Small peaks near 1220 eV, 1100eV, and 980 eV correspond to C KLL, N KLL, and 

OKLL, respectively.  Two small peaks of 1069 eV and 495 eV correspond to Na 1s and Na KLL. 



This may be caused by the adsorption of trace Na cation on the sample, but it will not significantly 

affect the performance of the catalyst. Fig. 6(b)-(e) are the XPS spectra of Bi 4f, C 1s, I 3d, and O 

1s, respectively. In Fig. 6(b), the peaks at 164.3 eV and 159.0 eV correspond to Bi 4f5/2 and Bi 

4f7/2, which should be assigned to Bi3+ [41]. Fig. 6(c) shows that the main peaks of C located at 

288.6 eV, 286.4 eV and 284.8 eV, respectively. The peak located at 284.8 eV is usually assigned 

to adventitious carbon, another two weak peaks positioned at 288.6 eV and 286.4 eV corresponds 

to carbonate ion in Bi2O2CO3 [24, 25]. Fig. 6(d) shows two peaks at 629.95 eV and 618.47 eV 

corresponds to the I anion of BiOI, which should be attributed to I 3d3/2 and I 3d5/2, respectively 

[42]. The XPS spectrum of O 1s in Fig. 6(e) is not singlet, which indicates that there is more than 

one state of O. The O 1s XPS spectrum can be fitted to three peaks at 530.85 eV, 531.84 eV and 

533.21 eV. 530.85 eV corresponds to lattice oxygen anion, that is, the Bi-O bond of [Bi2O2]2+ in 

BiOI layer. 531.84 eV corresponds to carbonic acid and 533.21 eV corresponds to the -OH bond 

of the surface adsorbed water [43]. These results prove the valence states of various elements in 

PAN-Bi2O2CO3-BiOI from the valence aspect. 

 
Fig. 7 (a) UV-Vis diffuse reflectance spectra of PAN-BiOI, PAN-Bi2O2CO3 and PAN-Bi2O2CO3-BiOI samples 

(b) hv-(αhv)1/2 curves of the samples 

Fig. 7(a) shows the UV-vis diffuse reflectance spectra and hv-(αhv)1/2 relationship curves of 

PAN-BiOI, PAN-Bi2O2CO3 and PAN-Bi2O2CO3-BiOI photocatalyst samples. From the figure, the 

absorption of PAN-Bi2O2CO3 photocatalyst is mainly in the UV region, and the band edge is 

around 370 nm, indicating that it has a wide band gap. The absorption of PAN-BiOI is mainly in 

the visible light region, and the band edge is around 650 nm, indicating that it has a narrow band 

gap. 



When the surface of PAN-Bi2O2CO3 undergoes ion substitution and forms Bi2O2CO3-BiOI, it 

exhibits strong light absorption in the visible light range, and the absorption band edge shifts to 

the long wavelength, which is located between PAN-Bi2O2CO3 and PAN-BiOI. This indicates that 

they constitute heterojunctions, which will facilitate the further separation of the photogenerated 

electron holes of BiOI. In these samples, the absorption band edge of S3 fiber loaded with 

Bi2O2CO3-BiOI on PAN is around 500 nm, indicating that BiOI affects the band gap of Bi2O2CO3 

after the heterojunction is formed. The band gap of the semiconductor photocatalytic material can 

be calculated by the following formula [44]: ߙhݒ=A(h݃ܧ−ݒ)n/2 

where Eg, ߙ, A, h, ݒ are the band gap, absorption coefficient, proportionality constant, Planck 

constant and optical frequency, respectively. Here, n=1 for direct bandgap semiconductors, and 

n=4 for indirect bandgap semiconductors. Because Bi2O2CO3 and BiOI are both indirect bandgap 

semiconductors, then n=4. To calculate the band gap value, PAN-Bi2O2CO3, PAN-BiOI, and 

PAN-Bi2O2CO3-BiOI should be plotted against hݒ-(ߙhݒ)1/2, respectively. In Fig. 7(b), the band 

gap value can be determined by the tangent of the curve and the intersection of the horizontal axis. 

It can be seen from the figure that the band gaps of PAN-BiOI and PAN-Bi2O2CO3 are 1.75 eV 

and 3.20 eV, respectively. By comparison, the band gap of the PAN-Bi2O2CO3-BiOI composite 

component is located at about 2.2~2.5 eV, which is between the band gap values of the two single 

components of BiOI and Bi2O2CO3, indicating that heterojunctions are formed between them and 

the photogenerated carriers are also easier to be separated. 

The valence band potential VB and conduction band potential CB of Bi2O2CO3 and BiOI 

semiconductor photocatalysts were calculated using the following formulas [45]: ܧ௏஻ = ܺ − ௘ܧ + ஼஻ܧ ௚ܧ0.5 = ௏஻ܧ −  ௚ܧ

Here, EVB is the top of the valence band, X is the electronegativity, Eg is the width of forbidden 

band, Ee is the surface electron free energy of the hydrogen atom (4.5 eV). The X values of BiOI 

and Bi2O2CO3 are 6.21 eV and 6.54 eV, respectively [46]. Since the Eg values of PAN-BiOI and 

PAN- Bi2O2CO3 are 1.75 eV and 3.20 eV, respectively, after bringing the constants into the 

formula, the EVB values of PAN-BiOI and PAN- Bi2O2CO3 are 2.59 eV (vs. NHE) and 3.64 eV (vs. 

NHE), respectively. In addition, the ECB values of PAN-BiOI and PAN-Bi2O2CO3 can be obtained 



as 0.84 eV (vs NHE) and 0.44 eV (vs NHE) through the conversion relationship between the 

conduction band and the valence band: ECB=EVB-Eg. 

3.4 Catalytic performance of photocatalyst 

The catalytic properties of the above photocatalysts were carried out in the visible light range. 

The light source used is a 300 W xenon lamp ( Beijing China education Aulight technology Co., 

Ltd., CEL-HXF300), and a visible light filter (>420 nm) is added to the outlet of the xenon lamp. 

Rhodamine B (RhB) was used as the photocatalytic target at a concentration of 20 mg/L. Then, 

100 mg of photocatalytic fibers were added into 50 mL of the solution. After that, photocatalysis 

was performed after the catalyst and RhB reached adsorption equilibrium by magnetic stirring for 

30 min. 4 mL of the solution was taken out at intervals of 15 min, and the absorbance was tested 

after centrifugation. The absorption wavelength is 554 nm. As shown in Fig. 8(a), PAN itself does 

not exhibit photocatalytic properties under light irradiation. It can be seen from the results that the 

wide band gap Bi2O2CO3 has certain catalytic ability under visible light. Although BiO2CO3 is 

theoretically not excited under visible light. However, there may be the following reasons for the 

catalytic ability of BiO2CO3. It is speculated that the RhB dye can absorb visible light and be excited to 

generate electrons. And the electrons can be adsorbed on the surface of BiO2CO3. Similar to 

dye-sensitized solar cells, excited electrons can be transferred to the surface of BiO2CO3 and react with 

absorbed O2 and H2O to generate OH  and finally it has catalytic effect [46]. The degradation rates 

of BiOI-supported PAN-BiOI fibers and Bi2O2CO3-supported PAN-Bi2O2CO3 fibers were 28% 

and 35% at 120 min, respectively. When BiOI was loaded on the surface of PAN-Bi2O2CO3, the 

degradation rates of S1, S2, S3, and S4 were significantly improved compared with the catalysts 

loaded with pure components, and the catalytic efficiency of S3 was greater than 90% within 120 

min. The degradation rate of S3 was 2.6 times and 3 times higher than that of PAN-Bi2O2CO3 and 

PAN-BiOI, respectively. 



 

Fig. 8 Catalytic performance of photocatalyst (a) Degradation curves of RhB by different catalysts of PAN, 

PAN-BiOI, PAN-Bi2O2CO3, and PAN-Bi2O2CO3-BiOI samples of S1-S4 (b) Linear fitting diagram of first order 

kinetics of the above samples (c) The cyclic degradation experiment of S3 

As shown in Fig. 8(b), the kinetics of the photocatalytic degradation reaction conforms to the 

Langmuir-Hinshelwood first-order apparent kinetic model [48]: (ܥ´݇ +1)/ܥ´݇ ݇=ݐ݀/ܥ݀=ݎ 

Here, C is the residual concentration (mg L-1), r is the degradation rate (mg L-1h-1), k is the 

reaction constant (mg L-1h-1), t is the degradation time (h), ݇´is the absorption coefficient (L·mg-1). 

Due to the low initial dye concentration, the above equation can be approximated to the first-order 

form: 

-ln(0ܥ/ܥ)=݇݇´ݐ݌݌ܽ݇=ݐ 

where C0 is the adsorption equilibrium concentration, and kapp is the slope of the equation, 

which is the reaction constant. It can be seen from the figure that the kapp values of PAN-BiOI, 

PAN-Bi2O2CO3, S1, S2, S3, and S4 are 0.003 min-1, 0.004 min-1, 0.013 min-1, 0.014 min-1, 0.021 

min-1 and 0.016 min-1, respectively. The photocatalytic constants of the S3 sample are 7 and 5.3 

times higher than those of PAN-BiOI and PAN-Bi2O2CO3, respectively. This shows that the 



heterojunction formed by PAN-Bi2O2CO3 and BiOI on the surface of PAN can improve the 

efficiency of electron-hole separation and photocatalytic speed. The reusability of the 

photocatalyst was tested. 4 cycles of repeated catalytic experiments were performed on the S3 

sample. It can be observed from Fig. 8(c) that after several times of photocatalytic degradation of 

with the same concentration, the photocatalytic performance did not decrease significantly, and the 

final degradation rate decayed less than 4%, which indicate that the modified fiber can be reused. 

3.5 Catalytic mechanism of photocatalyst 

The active components produced by the PAN-Bi2O2CO3-BiOI heterojunction in the catalytic 

system play an important role in photocatalysis. As shown in Fig. 9, the active species in the 

Bi2O2CO3-BiOI heterostructure were investigated by trapping experiments. By adding different 

kinds of traps inside the catalytic system, the internally generated photoactive groups were 

determined. The type of the specific active group is judged by the reduction degree of 

photocatalytic activity. As shown in Fig. 9, after adding EDTA-2Na, benzoquinone (BQ) and 

tertbutanol (TBA) to the system, it was found that the degradation rate was affected by different 

degrees. The addition of EDTA-2Na, BQ and TBA reduced the degradation rate to 0.053, 0.617, 

and 0.474, respectively, within 120 min. This indicates a large amount of h+ and some O2- 

and ·OH are generated on the surface of the catalyst.  

 
Fig. 9 The influence of reactive species on the photocatalytic degradation of RhB over sample of S3 

The band structures of Bi2O2CO3 and BiOI are shown in Fig. 10(a). Since Bi2O2CO3 is an 

n-type semiconductor, its Fermi level is close to CB. BiOI is a p-type semiconductor, then its 

Fermi level is close to VB. When they form a p-n junction, the energy band of Bi2O2CO3 moves 

downward as a whole, and the energy band of BiOI moves upward as a whole. When visible light 



illuminates PAN-BiOI, electrons transition from the valence band to the conduction band, and 

accumulate at CB and generate holes at VB. Because its CB potential is more negative than that of 

Bi2O2CO3, electrons will migrate to the CB of Bi2O2CO3. Therefore, the existence of Bi2O2CO3 

promotes the separation of photogenerated electrons and holes of BiOI and reduces the 

recombination between them. Finally, electrons in the CB of Bi2O2CO3 reduce O2 molecules to 

generate·O2- and ·OH, which together with the holes h+ in the valence band of BiOI, photolysis 

decompose the dye. 

 

Fig. 10 (a) Energy band of Bi2O2CO3 and BiOI (b) the formation of heterojunction and the possible charge 

transfer process. 

4. Conclusion 

In this paper, bismuth carbonate was prepared on the surface of flexible PAN fibers by alternate 

growth method, and bismuth iodide was formed on the surface of bismuth carbonate by ion 

exchange method. XRD, HRTEM and XPS results showed that the PAN fibers were successfully 

loaded with nano Bi2O2CO3-BiOI heterojunctions. Visible light catalysis results demonstrate that 

the photocatalytic activity of flexible PAN-Bi2O2CO3-BiOI heterojunction fibers is superior to that 

of single-component fibers of PAN-Bi2O2CO3 and PAN-BiOI. The photocatalytic constants of the 

S3 sample are 7 and 5.3 times higher than those of PAN-BiOI and PAN-Bi2O2CO3, respectively, 

and the catalytic efficiency is greater than 90% within 120 min. After 4 cycles of photocatalytic 

degradation with the same dye concentration, the final degradation rate decays less than 4%. 

Mechanism analysis showed that a large amount of h+, O2- and •OH were generated on the catalyst 

surface. The efficiency of separation of photogenerated electrons and holes can be significantly 

improved by forming the heterojunctions on the surface of PAN fibers, and the flexible 



PAN-Bi2O2CO3-BiOI fibers with high specific surface area are beneficial to be separated and 

recycled. 
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