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Abstract 

Bismuth oxide (Bi2O3) is a yellow solid, has good electrical properties and a wide band gap energy (2-3.96 eV). Therefore, 

this material is commonly used as a photocatalyst. This study aims to synthesize bismuth oxide using the sol-gel 

method, determine its physicochemical characteristics and photocatalytic activity in the degradation of methyl orange 

dyes. Bi2O3 is synthesized from Bi(NO3)3.5H2O which is reacted with citric acid at 100 ° C for 20 hours. The formed gel 

is then dried and calcined at 600 °C for 1, 2, 3, 4 and 5 hours. The synthesis results in the form of pale-yellow powder 

with the same crystal system that is a mixture of α-Bi2O3 (monoclinic) and γ-Bi2O3 (BCC) and has almost the same 

morphology that is similar to coral and has a particle size of 1-8 μm. The results of photocatalytic activity tests showed 

that the constant rate of degradation reaction of methyl orange by bismuth oxide with calcination time of 1, 2, 3, 4, and 

5 hours respectively was 2.76×10-5 s-1, 2.65×10-5 s-1, 2.53×10-5 s-1, 2.81×10-5 s-1 and 3.87×10-5 s-1. Bismuth oxide with a 

calcination time of 5 hours has the highest photocatalytic activity. Meanwhile, bismuth oxide with a calcination time 

of 5 hours has a band-gap of 2.86 eV and 2.64 eV. The stages of decomposition of bismuth oxide material with a 

calcination time of 5 hours consisted of 3 release stages namely H2O, CO2, CxHyOz respectively 12.20%, 5.33% 30.54%. 
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1. Introduction  

Bismuth Oxide (Bi2O3) is a semiconductor 

with the physical form of pale-yellow powder 

material [1], non-toxic, non-carcinogenic and 

widely applied as a photocatalyst [2–5].  Similar 

to other widely studied metal oxide photocatalysts 

such as titanium dioxide (TiO₂) [6,7] and zinc 

oxide (ZnO) [8,9], Bi₂O₃ exhibits strong 

photocatalytic activity due to its suitable 

electronic structure and high photochemical 

stability. However, unlike TiO₂ and ZnO, which 

possess relatively wide band gaps of 

approximately 3.0–3.2 eV and 3.2–3.3 eV, 
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respectively, Bi₂O₃ has a narrower band gap 

ranging from 2.0 to 3.96 eV [10]. This narrower 

band gap enables Bi₂O₃ to absorb visible light 

more effectively, thereby enhancing its potential 

for photocatalytic applications under solar 

irradiation. 

Bismuth oxide can be synthesized by several 

methods, including deposition method [11], 

solution combustion method [12–16], sol-gel 

method [17], and the hydrothermal method [18]. 

Among these methods, the sol-gel method has 

several advantages, including high purity, high 

degree of homogeneity because the reagents are 

mixed at the molecular level, synthesis at low 

temperatures because certain materials can be 

carried out at room temperature [19], the degree 

of thermal stability good, high mechanical 

https://journal.bcrec.id/index.php/bcrec
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stability, no reaction with residual compounds 

and loss of material due to evaporation can be 

reduced [20]. The stages of the sol-gel process 

include the first stage of hydrolysis, the second 

stage of condensation, the third stage of 

maturation (aging) and the fourth stage of drying. 

Factors affecting the sol-gel method include 

calcination temperature. Calcination temperature 

and calcination duration have a significant effect 

on the crystallinity, surface structure of the 

synthesis product [21]. These properties will affect 

the application of bismuth oxide. 

Research conducted by Astuti et al. [22] shows 

that variations in calcination temperature in the 

sol-gel method affect the particle size and 

photocatalytic activity of Bi₂O₃. Similar results 

were also found by Ilsatoham et al. [23], who 

reported that variations in substrate temperature 

in the production of thin Bi₂O₃ layers using the 

sol-gel spray coating method can change the 

crystal phase and morphology of the material. 

Meanwhile, research conducted by Kusworo et al. 

[24] shows that the application of the sol-gel 

method in the developmenst of metal oxide-based 

catalytic composite membranes can produce a 

material structure that is homogeneous, 

thermally stable, and has high mechanical 

durability. These findings reinforce that the sol-

gel method is an effective and versatile synthesis 

technique for producing high-performance oxide 

materials, including in the development of 

bismuth oxide and other functional materials. 

Synthesis of bismuth oxide by the sol-gel 

method has been carried out by Mallahi et al. [1] 

at calcination temperatures of 200 oC, 500 oC, 800 
oC with a precursor ratio (bismuth nitrate 

pentahydrate: citric acid) 1: 1. At this temperature 

variation the crystal has a form of 

pseudospherical morphology and when the 

calcination temperature is raised to 800 °C the 

particles form microspheroid and agglomerate. In 

this study, bismuth oxide photocatalyst activity 

synthesized and band gap values were not 

explored / determined. 

Astuti [22] has synthesized bismuth oxide 

using the sol-gel method with a precursor ratio of 

1:1 and calcination temperature variations of 500 

°C, 600 °C and 700 °C as well as determining 

fotakalis activity to degrade methyl orange. The 

results of this synthesis produce yellow powder 

with the best photocatalytic activity at a 

temperature of 700 °C which is 5.69×10-5 s-1. 

Besides that, Astuti [25] has synthesized bismuth 

oxide using the sol-gel method with a precursor 

ratio of 1:2 at calcination temperature of 700 °C 

and determined the photocatalyst activity to 

degrade methyl orange. The synthesis results in 

the form of pale-yellow powder with the 

percentage of methyl orange degradation 46.28%. 

In terms of calcination time impact, Hwang et al. 

[26] have conducted research on the effect of Al-

substitution on the stability of the LiMn2O4 spinel 

synthesized using the sol-gel method with citric 

acid precursors with variations in calcination time 

of 10, 15 and 20 hours at 800 °C. SEM and TEM 

results show that the particle size is greater with 

increasing calcination time and shows good and 

uniform crystallinity and particle agglomeration 

increases. 

Based on the above background, it is 

necessary to develop bismuth oxide synthesis to 

get high photocatalyst activity values using the 

sol-gel method through calcination time variation. 

Therefore, this study aims to synthesize bismuth 

oxide using the sol-gel method with calcination 

time variations of 1, 2, 3, 4 and 5 hours at 600 °C 

with a precursor ratio of 1:2, determining the 

character of the synthesis results obtained for 

identify the crystal structure, surface morphology, 

band-gap, functional groups contained in the 

synthesized material, decomposition of the 

material during the calcination process using 

XRD, SEM, DRS-UV, FTIR and TGA and 

determine the photocatalytic activity of the 

synthesis results for the degradation of methyl 

orange dyes. 

 

2.  Materials and Method 

2.1  Materials 

The materials used in this study include 

Bi(NO3)3.5H2O from SIGMA-ALDRICH, 65% 

HNO3, citric acid monohydrate, PEG 6000, and 

methyl orange from MERCK, distilled water. 

 

2.2  Bismuth Oxide Synthesis 

The synthesis of Bismuth oxide by the sol-gel 

method follows the method presented by Mallahi 

et al. [1] with a slight modification. 4 grams of 

Bi(NO3)3.5H2O were mixed with citric acid at a 

molar ratio of 1:2 and dissolved in a 50 mL nitric 

acid solution with 1 gram of PEG 6000 added. 

Furthermore, the solution was heated at 100 °C 

for 20 hours at a moderate speed of 667 rpm. 

Cooling solution or aging process was conducted 

for 12 hours. The formed gel was then dried in an 

oven (Thermo Scientific F47910-33) at 100 °C for 

12 hours and continued with calcination in the 

furnace (Eurotherm 2116) at 600 ° C for 1, 2, 3, 4 

and 5 hours. 

 

2.3  Photocatalytic Activity Test 

The photocatalyst activity test was carried 

out in a photocatalyst reactor, the working 

solution used for the photocatalyst activity test 

was 5 ppm methyl orange solution. 0.1 grams of 

bismuth oxide as the result of synthesis were put 

into 50 mL of working solution, then the mixing 

process was carried out at medium speed (667 

rpm). The stirring process was carried out for 2 

hours for the photocatalyst test without light, 
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while the photocatalyst test used UV-a (352 nm) 

with 15 watt of power used time variations of 2, 4, 

6, 8, and 10 hours. Then proceed with the process 

of reading the absorbance of the samples of each 

variation and wavelength using UV-Vis 

spectroscopy. 

 

2.4  Characterizations 

The powder obtained from bismuth oxide 

synthesis with calcination time variation of 1, 2, 

3, 4 and 5 hours were each characterized using 

XRD (Shimadzu 7000) (Cu-Kα light source which 

has a wave of 1.54178 Å and a voltage of 30.0 kV, 

electric current 30 mA) and FTIR (Shimadzu 

Iraffinity-1) in the range of wave numbers 500-

4500 cm-1. The morphology of the bismuth oxide 

synthesized was analyzed using SEM type JEOL 

6510 LA instruments in the energy range of 0-20 

keV voltage of 20.0 kV calculated speed of 2729 

cps with magnifications of 1000 and 5000 times. 

Determination of the band-gap of bismuth oxide 

synthesized used the Touc Plot method with UV 

1700 Pharmaspec DRS-UV type instruments. 

Analysis of the decomposition of the bismuth oxide 

material synthesized used the LGASEIS STA 

Platinum Series TGA instrument with Crucible 

Alumina at a temperature of 30-700 oC with a heat 

flow of 5 oC per minute. 

 

3.  Results and Discussion 

3.1  Synthesis Products  

 Figure 1 shows the synthesized products 

obtained from varying calcination times under the 

same temperature. The synthesized products 

after calcination exhibit a similar trend in color 

but differing masses with products calcined for 1, 

2, 3, 4 and 5 hours at 2.65, 2.11, 1.88, 1.63 and 

1.44 grams, respectively. The yellow-colored 

powder in all samples indicates that bismuth 

oxide has successfully been formed as in 

accordance with the statement of [27] that 

bismuth oxide appears as yellow powder. The 

color, its intrinsic optical property, is produced by 

the adsorption of visible light in the wavelength 

range of 400 to 700 nm. A semiconductor material 

will absorb light that has shorter wavelengths or 

a band-gap energy between 2.0-3.31 eV. This 

means that bismuth oxide can absorb lights with 

greater energy, including the blue and violet 

lights (2.5-3.0 eV). The absorbed blue and violet 

lights are interpreted by the naked eyes as the 

color yellow possessed by the material of interest 

(Richerson, 2005). The different mass weights 

obtained are dependant upon the calcination time; 

longer calcination time results in lower weight of 

the synthesized powder. 

 

3.2  Crystal Structure 

XRD diffractograms of the bismuth oxides 

produced at varying calcination times can be seen 

in Figure 2. Characterization with XRD was done 

by comparing the measured peaks of the samples 

with peaks from the JCPDS database for α-Bi2O3 

(41-1449), β-Bi2O3 (27-0050), γ-Bi2O3 (45-1344), 

and ω-Bi2O3 (50-1088). 

Bismuth oxide synthesized with calcination 

times of  1, 2, 3, 4 and 5 hours has the same mixed 

crystal structure of α-Bi2O3 (monoclinic) and γ-

Bi2O3 (body center cubic). The α-Bi2O3 species is 

crystallized into a monoclinic system with a = 

5.8499, b = 8.1698, and c = 7.5123 linear 

parameters. Its angular parameters are α = 90⁰, β 

= 112.988⁰ and γ = 90⁰. The γ-Bi2O3 species is 

crystallized into a body center cubic system with a 

= 10.86 linear parameter. Its angular parameters 

were α = 90⁰, β = 90⁰, and γ = 90⁰. Data on the 

Figure 1. The synthesized bismuth oxide powders: (a). 1 hour of calcination, (b). 2 hours of calcination, (c). 

3 hours of calcination, (d). 4 hours of calcination, e. 5 hours of calcination. 

Figure 2. XRD results for calcination time 

variations of 1,2,3,4 and 5 hours and the JCPDS 

database No.14-1449 comparison. 
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Calcination 

Time 

Crystal Structure (2ϴ) 

α-Bi2O3 γ-Bi2O3 

1 hour 27.374 24.731 

33.905 30.515 

46.326 50.211 

2 hours 27.411 24.687 

33.255 40.144 

46.334 50.251 

3 hours 27.352 24.684 

33.119 30.459 

46.391 50.231 

4 hours 27.382 24.595 

33.219 30.466 

46.312 50.213 

5 hours 27.549 24.614 

33.393 30.487 

46.459 50.242 

three highest (most intense) 2ϴ values of the 

bismuth oxides are shown in Table 1. These data 

are in accordance with the JCPDS database 

numbers 41-1449 for α-Bi2O3 and 45-1344 for the 

γ-Bi2O3. 

 

3.3  Product Morphology 

Identification of the morphological shapes of 

the bismuth oxide crystals formed were carried 

out using SEM by looking at the differences in 

morphological images of the synthesized 

compound. Figure 3 displays the results of SEM 

imaging of the synthesized bismuth oxide via sol-

gel method at 600 °C. SEM results show that the 

5000x magnified morphology of the bismuth oxide 

synthesized using the sol-gel method has an 

irregular and non-uniform shape with cavities on 

the surface of the crystal with sizes around 1-8 

μm. 

  

3.4 Bismuth Oxide Compound Confirmation 

Through Functional Group Identification 

The bismuth oxide samples synthesized were 

analyzed by FTIR spectrophotometer to identify 

the functional groups contained in the sample 

through identifications of wavelengths produced 

in the spectra. FTIR spectra of the synthesized 

bismuth oxide via the sol-gel method at different 

calcination times are shown in Figure 4. The 

synthesized bismuth oxide infrared spectra are 

shown in Figure 4. The results of the FTIR 

analysis on the synthesized bismuth oxide present 

that the five samples, namely bismuth oxides with 

calcination time variations of 1, 2, 3, 4 and 5 

hours, have a peak absorption at a wavenumber of 

about 844 cm-1 indicating the presence of Bi-O-Bi 

group [28] in the synthesized products. The Bi-O-

Bi grup is a strong indication of the presence of 

Bi2O3 in the synthesized product. In addition, all 

five samples possess wide and sharp absorption 

peak at around 1384 cm-1 signifying the existence 

of Bi-O stretching vibration [29]. Although some 

references mention the presence of NO3 in this 

absorption band [30], EDX characterization of 

Figure 5 demonstrate that the N element was non-

existent. Moreover, the intense peak ought not to 

only indicate NO3, since the existence of only NO3 

implies that there is very little formation of Bi2O3. 

Proven not to be the case, the authors conclude 

that the peak at that wavenumber denotes Bi-O. 

 

3.5 Material Decomposition during Calcination 

Process 

Changes that occur during the calcination 

process can be known using a thermogravimetric 

tool by calculating the change in mass due to a 

gradual increase in temperature. The obtained 

synthesized product with differing calcination 

Table 1. XRD 2ϴ data of the synthesized 

bismuth oxides. 

Figure 3. SEM images of bismuth oxide synthesized with 5 hours calcination time under 2500x and 5000x 

magnification. 
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times are in fundamental the same for all 1, 2, 3, 

4 or 5 hours calcination time. Thus, the sample 

analyzed  is the bismuth oxide sample calcined for 

5 hours at a temperature of 600 ⁰C that had been 

dried but had not been calcined. 

TGA-DSC curves presented in Figure 6 depict 

the decomposition that occurs in the uncalcined 

bismuth oxide compound which can be identified 

from its change in mass (%) with increasing 

temperature (⁰C). The curves obtained are of the 

multistage decomposition curve. Figure 7 shows 

the DTG curve showing the change in material 

mass that occured in three stages. The first stage 

is the H2O release or loss of water content still 

present shown by the sharp TGA graph and the 

absence of DSC peaks through the endothermal 

Figure 4. FTIR spectroscopy of the synthesis products with calcination times of 1, 2, 3, 4 and 5 hours. 

Figure 5. The Bi2O3 EDX results for (a) measured sample and (b) pure substance. 
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Stages of material 

decomposition 

ΔH (J/g) Change in relative mass 

(%) 

Temperature of 

decomposition (oC) 

H2O 414.35 12.21 40-140 

CO2 442.33 5.33 160-190 

CxHyOz 2817.37 30.53 220-340 

process at temperature 40-140 ⁰C accompanied by 

a decrease in mass of 12.20%. The second stage is 

the CO release which is illustrated through a 

decline in the TGA graph along with the DSC 

graph with an exothermic process at a 

temperature of 160-190 ⁰C accompanied by a 

decrease in mass of 5.33%. The third stage is 

assumed to be an implementation of the release of 

the CxHyOz molecule illustrated by a decline in the 

TGA graph and exothermic process at 220-340 °C 

in the DSC graph accompanied by a 30.54% mass 

loss. At a temperature of 350-440 ⁰C, the sample 

did not experience a decrease in mass shown by 

constant TGA and DSC exothermic graphs. This 

indicates that the remaining sample is stable 

Bi2O3 with relative mass of 48.07%. The 

decomposition stages of the material are 

presented in Table 2. 

 

3.6 Band-Gap Values of 5 Hours Calcination 

Product 

Band-gap values can be determined using the 

UV-Vis DRS Spectrophotometry. The best sample 

produced is the sample synthesized with a 

Table 2. DSC for the value of ΔH and the reduction in mass of the Bi2O3 synthesized using the sol-gel 

method.  

Figure 6. TGA and DSC produced by synthesised bismuth oxide. 

Figure 7. DTG curve of the synthesized bismuth oxide. 
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calcination time of 5 hours. It was measured for 

its band-gap values by processing the reflectance 

data obtained from measurements at wavelengths 

of 200-800 nm starting from ultraviolet light to 

visible light. 

Figure 8 shows that the absorbance region of 

the synthesized Bi2O3 is within the wavelengths of 

200-800 nm. The band-gap value is obtained from 

the Tauc Plot calculation method by graphing the 

relationship between hv and (αhv)1/n through 

drawing a straight line that is tangent to the 

turning point on the curve to intersect the energy 

axis. The x-axis is the band gap (Eg) in eV units, 

while the y-axis is the value of (αhv)1/n. This 

calculation is based on the Tauc Plot equation as 

follows: 

 

(𝛼ℎ𝑣)
1

𝑛 = 𝐴(ℎ𝑣 − 𝐸𝑔)    (1) 

 

with h = Planck's constant (6.626×10-34 J), v = 

frequency, Eg = band-gap, A = constant of 

proporsionality, and n = exponent value indicating 

the nature of the sample transition [31]. 

The lines that intersect the x-axis show the 

band-gap values of the synthesized bismuth oxide. 

Based on Figure 8, it can be seen that the best 

synthesized bismuth oxide has two band-gap 

values of 2.64 eV and 2.86 eV. Bi2O3 with a 

calcination time of 5 hours has two band-gap 

values because it has a mixed crystal system, 

enabling it to have more than one band-gap value. 

This reinforces the reason that bismuth oxide 

synthesized with 5 hours calcination time has a 

domininant monoclinic crystal system (α-Bi2O3) 

compared to other crystal structures within the 

sample, where α-Bi2O3 has a band gap value of 

2.85 eV. In addition, a band gap value of 2.64 eV 

also supports the reason for the presence of a cubic 

crystal system (γ-Bi2O3) in bismuth oxide 

synthesized, where γ- Bi2O3 has a band gap of 2.7 

eV [32]. This is consistent with the results of the 

XRD analysis in Section 3.2 which concluded that 

the crystal structure formed was a mixture of α-

Bi2O3 and γ- Bi2O3 according to JCPDS 41-1443 for 

α-Bi2O3 and JCPDS 45-1344 for γ-Bi2O3. 

 

3.7  Photocatalyctic Activity 

There are three main stages in the 

photocatalytic reaction, namely: (i) photon 

absorption by the photocatalytic material, (ii) the 

formation of e- and h+ pairs, and (iii) the formation 

of hydroxyl radicals (OH•) and superoxide anions 

(O2•-) as represented in Figure 9 (adopted from 

Ibhadon & Fitzpatrick [33], Devi et al. [34] and 

Radini et al. [35] with modification. The surface of 

the photocatalyst contains adsorbed water. When 

light irradiates the photocatalyst, electrons in the 

photocatalyst move from the valence band (vb) to 

the conduction band (cb), leaving positive holes in 

Figure 8. Absorbance vs. wavelength graph of 5 

hours calcined Bi2O3 product. 

Figure 9. Expected reaction scheme of the methyl orange degradation. 
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the valence band. These positive holes oxidize the 

adsorbed water, forming highly reactive hydroxyl 

radicals. The •OH radical and superoxide ion 

(O2•-) in the degradation of methyl orange dye 

using bismuth oxide photocatalyst can be written 

as follows [36]: 

 

Bi2O3 + hv  → Bi2O3(e-(cb) + h+(vb))   (2) 
-OH + h+(vb) → •OH     (3) 

O2 + e-(cb) →  •O2-     (4) 

•O2- + H+ → HO2•     (5) 

2HO2• → O2 + H2O2     (6) 

H2O2 + •O2- → •OH + OH- + O2   (7) 

Metil oranye + •OH + •O2- →  CO2 + H2O + 

H2SO4  + NH2OH + Bi2O           (8) 

 

As shown in Figure 10, the degradation 

efficiency of methyl orange using the synthesized 

bismuth oxide prepared via the sol-gel method 

increased with both calcination times and 

photocatalysis duration. This improvement can be 

attributed to enhanced photon absorption and the 

more efficient generation of charge carriers and 

reactive species on the photocatalyst surface, 

which collectively promote the degradation 

process. It can be seen that the percentages of MO 

degradation after 2 hours without light for 

bismuth oxides with calcination times of 1, 2, 3, 4 

and 5 hours were 0.28%, 0.28%, 2.81%, 0.28, 

0.84%, respectively. Meanwhile, the percentages 

of MO degradation after the 2 hours 

photocatalysis process with light on the bismuth 

oxides synthesized with calcination times of 1, 2, 

3, 4 and 5 hours were respectively 2.53%, 0.56%, 

6.76%, 3.09%, and 12.67%. The percentages of MO 

degradation after 4 hours photocatalysis process 

with light on the bismuth oxides synthesized with 

calcination time of 1, 2, 3, 4 and 5 hours were 

29.57%, 9.57%, 16.62%, 4.78%, and 18.59%. The 

MO degradations after the 6 hours photocatalysis 

process with light using the synthesized bismuth 

oxides with calcination times of 1, 2, 3, 4 and 5 

hours were 39.43%, 39.15%, 41.4%, 16.34%, and 

52.4%. Degradations of MO after the 8 hours 

photocatalysis process with light using the 

synthesized bismuth oxides with calcination times 

of 1, 2, 3, 4 and 5 hours were 60.28%, 49.57%, 

44.22%, 27.04%, and 61.13%. The percentages of 

MO degradation after the 10 hours photocatalysis 

process with samples of 1, 2, 3, 4, and 5 hours 

calcination times were 61.12%, 57.74%, 60.01%, 

63.66%, and 74.93%. The sample with calcination 

time of 5 hours has the best photocatalytic activity 

demonstrated by having the highest percentage of 

MO degradation. 

Bi2O3 photocatalytic activity against MO can 

be used to determine the rate of degradation 

through chemical kinetics. According to Wang 

[37], dye degradation reactions generally follow 

the kinetics of the first-order reactions expressed 

by:  

 

ln Ct = ln Co - kt    (9) 

 

with k = rate constant in the first order (s-1), Co = 

initial concentration of methyl orange solution 

(ppm), and Ct = concentration of methyl orange 

solution (ppm) at time t. This was also proved by 

comparing the linear regression graph of first-

order and second-order reactions to the 

degradation of MO by Bi2O3 (5 hours). The results 

show that the first-order reaction kinetics graph 

is more linear than the second-order reaction 

kinetics graph, as shown in Figure 11. A graph of 

the first-order reaction on the degradation of 

methyl orange dyes by the synthesized bismuth 

oxide is shown in Figure 11. The slope value of the 

linear equation obtained on the graph shows the 

value of the methyl orange degradation rate 
Figure 10. MO degradation for each calcination 

time variable. 

Figure 11. Graph of first and second order reaction equations. 
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constant as well as the ratio of the reaction rate 

constants of various samples. 

The values of the reaction rate constants for 

the six samples are shown in Figure 12, where 

k1hours = 2.76×10-5 s-1, k2hours = 2.65×10-5 s-1, the 

k3hours = 2.53×10-5 s-1, k4hours = 2.81×10-5 s-1, and 

k5hours = 3.87×10-5 s-1. Based on the reaction rate 

constants (k) obtained, it can be concluded that 

the bismuth oxide photocatalyst with a calcination 

time of 5 hours has the best photocatalytic 

activity. This is supported by the FTIR data where 

the bismuth oxide with calcination time of 5 hours 

has the lowest absorption intensity of the Bi-OH 

group meaning that the number of Bi(OH)3 

compounds that were hydrated to Bi2O3 is greater 

than the bismuth oxides calcined with other 

heating time variations. Additionally, XRD data 

show that the bismuth oxide with calcination time 

of 5 hours exhibit tetragonal crystal (-Bi2O3) 

system with the highest amount compared to the 

other crystalline systems contained. Moreover, 

the cubic crystal system (β-Bi2O3) in the 5 hours 

calcined Bi2O3 is the highest when compared to 

the other Bi2O3. These data are in accordance with 

the DRS-UV analysis in which bismuth oxide with 

a calcination time of 5 hours has a band-gap value 

of 2.49 eV corresponding to the α-Bi2O3 band-gap 

[38]. Data that depict Bi2O3 (5 hours) having a 

higher number of cubic crystal (β-Bi2O3) system 

compared to Bi2O3 calcined with other lengths of 

duration support the fact that Bi2O3 (5 hours) has 

the highest photocatalysis activity. The 

phenomenon is due to it having a smaller band-

gap compared to α-Bi2O3. The smaller the band 

gap value, the better the photocatalysis process 

will take place since the electrons in the 

semiconductor are easier to be excited into the 

conduction band to form holes and electron pairs 

[39]. Meanwhile, SEM results show that Bi2O3 

with a calcination time of 5 hours has a small 

particle size. When a material has a small particle 

size it has a large surface area. Acers [40] states 

that a powder sample with a large surface area 

increases photocatalysis activity. 

 

4.  Conclusions 

Bismuth oxide has been successfully 

synthesized using the sol-gel method with 

calcination time variations of 1, 2, 3, 4, and 5 

hours obtaining mass of 2.65, 2.11, 1.88, 1.63 and 

1.44 grams each. XRD characterization of samples 

with calcination times of 1, 2, 3, 4 and 5 hours 

displays mixed α-Bi2O3 and γ-Bi2O3 crystal 

structures. SEM characterization shows the 

surface of the material appearing gravel like and 

hollow with a size of about 2-8 μm. FTIR 

characterization results obtained absorption 

peaks of 843 cm-1 and 1384 cm-1 showing the 

presence of Bi-O-Bi groups. Characterization of 

DRS-UV-Vis from the best synthesized product 

obtained a band-gap value of 2.49 eV. TGA 

characterization was obtained by multi-stage 

graph type consisting of 12.20% H2O release (40-

140 ° C), 5.33% O2 release (160-190 °C), and 

30.54% N2 release (220-340 °C). At the 

temperature of 440 ⁰C the remaining sample is 

the stable Bi2O3 of 48.07%. The results of 

photocatalytic activity test showed the percentage 

of methyl orange degradation with calcination 

time variations 1, 2, 3, 4, and 5 hours with 

respective values of  61.12%, 57.74%, 60.01%, 

63.66%, 74.93 % and reaction rate constants of 

2.76×10-5 s-1, 2.65×10-5 s-1, 2.53×10-5 s-1, 2.81×10-5 

s-1 and 3.87×10-5 s-1. Bismuth Oxide with 5 hours 

calcination time variation has the best 

photocatalytic activity. 
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