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Abstract 

Bi2O3/Fe material has been successfully synthesized using the precipitation method assisted by 

microwave radiation. This study aimed to analyze the effect of Fe on characteristics of Bi2O3 and to 

analyze its ability to photodegrade amoxicillin. The addition of Fe was carried out with various 

concentrations, namely 0%, 1%, 3%, 5%, 7% and 9%. The results of XRD characterization showed that 

the diffraction peaks were at 2𝜃 = 24.54°, 25.75°, 26.91°, 27.38°, 27.99°, 32.30°, 33.08°, 35.04°, 37.60°, 

39.75°, 41.79°, 43.77°, 45.62°, 46.31°, 48.54°, 52.62°, 54.26°, 55.88°, and 62.05° with Miller indices 

(102), (002), (112), (121), (012), (211), (202), (212), (113), (222), (213), (040), (231), (223), (104), (004), 

(241), (323) and (330). The resulting crystal sizes were 25,702 nm, 27,161 nm, 29,111 nm, 23,751 nm, 

24,046 nm and 21,767 nm. The photocatalytic testing of amoxicillin showed that the absorbance value of 

the sample decreased as the duration of degradation increased. Bi2O3/Fe 3% showed the most significant 

degradation efficiency of amoxicillin at 76.34% at a rate of 0.0079 ppm/min. 

Keywords: Bi2O3/Fe, Microwave Irradiation, Photodegradation, Amoxicillin 

 

Introduction 

In recent years, environmental pollution from liquid medical waste has become increasingly widespread. 

It is a challenge for researchers and the pharmaceutical industry because drugs produce medical waste 

that can threaten ecosystems and human health (Wang et al., 2018) (Wang X et al., 2019). Amoxicillin 

(AMX) is the most widely used type of antibiotic because of its antibacterial properties [2] (Jung et al., 

2012). AMX has low biodegradability and remarkable stability with many complex aromatics in its 

molecule, making it difficult to destroy by conventional methods [3] (Zhang, F et al., 2019). Therefore we 

need the proper technique to degrade AMX efficiently. 

Several alternatives have been carried out to remove these compounds, including reverse osmosis, 

adsorption, and advanced oxidation technologies such as Fenton reaction, ozonation, and photocatalytic 

technology (Benitez et al., 2011). Photocatalytic shows were promising prospects among these methods 

due to their sustainability and environmental friendliness (Wang et al., 2018). Bismuth oxide (Bi2O3) is a 

photocatalyst material that is of interest to researchers because of its high redox inversion, environmental 

friendliness, thermal stability, and energy bandgap between 2.58-2.85 eV, which shows a response to 

visible light [6] (Chen, 2003). T et al., 2018). However, the photon-induced electron-hole pair has poor 

light utilization and a fast recombination rate, limiting photocatalytic activity [7] (Zhou et al., 2019). 

In this research, Bi2O3 semiconductors will be inserted with Fe material using the microwave-

assisted precipitation method. This experiment is believed to increase the electron-hole pair separation 

rate by acting as a shallow trap and reducing the electron-hole pair recombination rate in Bi2O3 materials 

[8] (Zhu et al., 2011). Finally, the authors hope to be able to produce innovative materials that are 

effective in degrading AMX. 

 

Method 

Synthesis of Bi2O3/Fe 

The research materials used were Bi(NO3)3.5H2O, Fe(NO3)3.9H2O, HNO3, NaOH, Aquades and 

Amoxicillin. The equipment used is a hot plate, magnetic stirrer, microwave, beaker, measuring cup, cup, 
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spatula, digital scale, glass bottle, and dropper. Bi2O3/Fe was synthesized using the precipitation method. 

The synthesis process of Bi2O3/Fe is shown in Figure 1. Bi(NO3)3.5H2O 0.5 g and Fe are dissolved in 50 

ml of 5% HNO3 solution, stirred for 10 minutes. A total of 250 ml of NaOH was added to the solution and 

stirred for 2 hours, then allowed to stand to produce a precipitate. The precipitate was separated and 

heated on a hotplate for 2 hours at 120°C to produce Bi2O3/Fe powder. The resulting Bi2O3/Fe powder 

was then exposed to 100 Watt microwave power for 3 hours. 

 
Figure 1. The synthesis process of Bi2O3/Fe 

Characterization 

Structural analysis of Bi2O3/Fe powder was carried out using Shimadzu XRD 6100/7000 with a 

wavelength used is 1.54016. Data retrieval is carried out every 0.02o angle range. The particle size of 

Bi2O3/Fe was calculated using the Debbye-Scherrer equation (Xie et al., 2019). 

𝐷𝑠 =
𝑘 𝜆

𝛽 𝑐𝑜𝑠 𝜃
      (1) 

Where Ds is the crystal size (nm), =1.5406 is the wavelength of X-rays, =0.9 is the Scherrer constant, is 

the Full Width and Half Maximum or FWHM (in radians) and is the Bragg angle of diffraction or peak 

position (in radians) 

 

Amoxicillin degradation 

The degradation was carried out by adding 0.02 g of Bi2O3/Fe powder into 50 ml of 10 ppm Amoxicillin 

solution under visible light for 180 minutes. Photocatalyst efficiency (Ef) is calculated using the 

following equation (Sudrajat, H. et. al., 2018). 

Ef (%) = 










0

 -1
C

Ct  x 100%         (2) 

where C0 and Ct are the initial and final concentrations of the dye solution. 

 

Result and Discussion 

Bi2O3/Fe has been synthesized using a microwave-assisted precipitation method. The powder shows a 

yellow physical colour that shifts brown with increasing Fe concentration, as shown in Figure 2. To 

confirm the success of Bi2O3/Fe synthesis, the first thing to do is test the crystallinity. Based on the XRD 

Bi2O3/Fe pattern as shown in Figure 3, the resulting diffraction peaks correspond to JCPDS No. 27-0053 

(Devi K R S et al 2019).The main diffraction peaks were at 2θ = 24.54°, 25.75°, 26.91°, 27.38°, 27.99°, 

32.30°, 33.08°, 35.04°, 37.60°, 39.75°, 41.79°, 43.77°, 45.62°, 46.31°, 48.54 °, 52.62°, 54.26°, 55.88°, 

and 62.05° with miller index (102), (002), (112), (121), (012), (211), (202), (212), ( 113), (222), (213), 

(040), (231), (223), (104), (004), (241), (323) and (330). 

The synthesized Bi2O3 material is in the 𝛼-phase. These results indicate that the Bi2O3 material 

has been completely formed and has an excellent level of stability at low temperatures (Chen, R. et al., 

2011). The increase in Fe concentration caused a difference in the intensity of the XRD results but did not 

result in a significant change in the lattice structure. Based on the Debbye-Scherrer equation, the crystal 



size of Bi2O3 with the addition of Fe from 0-9% respectively was 25.702 nm, 27.161 nm, 29.111 nm, 

23.751 nm, 24.046 nm, and 21.767 nm. The addition of Fe resulted in differences in the size of the 

resulting crystals. The addition of 3% Fe produces the largest crystal size. 

 

 
Figure 2. Physical appearance of the sample Bi2O3/Fe (a) 0% (b) 1% (c) 3% (d) 5% (e) 7% (f) 9% 

 
Figure 3. Results of XRD Bi2O3/Fe 0-9% characterization 

 

Figure 4 shows that the absorbance value of AMX decreases with the length of time of 

degradation. The decrease in AMX absorbance is inversely proportional to the degradation efficiency, 

where the lower the final absorbance, the more effective the degradation. Based on Figure 4, the 

degradation efficiency of Bi2O3/Fe 0-9% material is 72.04%, 65.59%, 59.14%, 59.14%, and 58.06%, 

respectively. Bi2O3/Fe 3% showed the most significant degradation efficiency, but more than 3% Fe 

doping showed a decrease inefficiency. These results indicate that adding Fe up to a concentration limit of 

3% in Bi2O3 will increase the photocatalytic activity, while the addition of more than 3% will decrease 

photocatalytic activity. These results are consistent with previous research by Liang, J. et al. (2014). 

Photocatalytic activity and degradation efficiency can be related to the crystal size of Bi2O3/Fe 



(Nandiyanto, Zaen and Oktiani, 2020), where the larger the crystal size of a material, the greater the 

photocatalytic ability (Sharma, Vashishtha and Shah, 2014; Armaković et al., 2019). 

  

Figure 4. (a) Graph of the decrease in AMX absorbance (b) Degradation efficiency of Bi2O3/Fe 

 
Figure 5. AMX degradation mechanism by Bi2O3/Fe 

 
Figure 6. The degradation rate of Bi2O3/Fe 

Chemically, the degradation of AMX by Bi2O3/Fe can be explained as shown in figure 5. Fe3+ 

ions act as photo-generated between holes and electron transfer, which can increase the lifetime of 

electrons and holes and reduce the rate of recombination of e/h+ pairs based on the reaction as following: 



𝐹𝑒3+ + 𝑒−
 → 𝐹𝑒2+      (3) 

𝐹𝑒3+ + ℎ𝑣𝑏
+  

 
→ 𝐹𝑒4+      (4) 

Fe2+ and Fe4+ ions are relatively unstable ions when compared to Fe3+ ions. Therefore, the trapped charge 

can be easily released from the Fe2+ ion or Fe4+ ion and then migrate to the surface to start the 

photocatalytic reaction with the following reaction 

𝐹𝑒2+ + 𝑂2 → 𝐹𝑒3+ +  𝑂2
−     (5) 

𝐹𝑒4+ + 𝑂𝐻− → 𝐹𝑒3+ + 𝑂𝐻∗     (6) 

Fe2+ ions can be oxidized to Fe3+ ions by transferring electrons to O2 adsorbed on the surface of Bi2O3. 

Meanwhile, the adsorbed O2 is reduced to O2- (Eq.5), further degrading AMX. Likewise, Fe4+ ions are 

reduced to Fe3+ ions by losing electrons, while the surface hydroxyl groups become hydroxyl radicals (Eq. 

6). Consequently, the corresponding Fe3+ ion is responsible for reducing the electron-hole recombination 

rate and favours the enhancement of photocatalytic activity. The photocatalytic mechanism can be 

explained through the following equation: 

𝐵𝑖2𝑂3 + ℎ𝑣 → 𝑒− + ℎ+      (7) 

𝑂2 + 𝐵𝑖2𝑂3(𝑒_𝐶𝐵) → 𝑂2
−     (8) 

𝐹𝑒3+ + ℎ+ → 𝐹𝑒4+      (9) 

𝐹𝑒3+ + 𝑒− → 𝐹𝑒2+      (10) 

𝐹𝑒2+ + 𝑂2(𝑎𝑑𝑠) → 𝐹𝑒3+ + 𝑂2
−                            (11) 

𝐹𝑒4+ + 𝑂𝐻−(𝑎𝑑𝑠) → 𝐹𝑒3+ + 𝑂𝐻−(𝑎𝑑𝑠)   (12) 

𝑂2
− + 𝐻+ → 𝑂𝑂𝐻      (13) 

𝑂2
− + 𝐻+ + 𝑂𝑂𝑂𝐻 → 𝐻2𝑂2 + 𝑂2    (14) 

𝐻2𝑂2 + 𝑂2
− → 𝑂𝐻 + 𝑂𝐻− + 𝑂2     (15) 

𝐴𝑀𝑋+ + (𝑂𝐻, 𝑂2
− + 𝑂2) → 𝐶𝑂2 + 𝐻2𝑂 + 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑𝑠  (16) 

ℎ+𝐴𝑀𝑋 → 𝐶𝑂2 + 𝐻2𝑂 + 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑𝑠          (17) 

The excess of Fe3+ ions is entering the cluster formation. This cluster can resist AMX 

photodegradation by masking the active site from the Bi2O3 surface. These results also explain that the 

Bi2O3/Fe 3% has the fastest degradation rate of 0.0079 ppm/minute, while Bi2O3/Fe 9% has the slowest 

degradation rate of 0.0048 ppm/minute. The photocatalytic activity of Bi2O3/Fe is higher than that of pure 

Bi2O3 due to the synergistic effect of Fe3+ and Bi2O3 ions. The rate of degradation describes the speed of 

the material in degrading waste. The higher the value of the rate of degradation, the faster the material in 

degrading waste, so that there is less waste contained in the material. 

 

Conclusion 

The synthesis of Bi2O3/Fe has been successfully carried out using the microwave-assisted precipitation 

method. Bi2O3/Fe 3% has the most apparent crystal size, the fastest degradation rate, and optimal 

degradation efficiency. The addition of Fe to Bi2O3 material does not change the crystal structure, but a 

concentration of more than 3% will decrease its catalytic activity. 
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