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Abstract

Bi,03 has successfully been synthesized using precipitation method with sintering temperature variations
of 400°C, 450° C, 500° C, 550° C, and 600° C. Crystallinity property of resulting Bi,Os powder has also
been tested with XRD and morphology properties were tested with SEM. Meanwhile, photocatalytic
properties were tested by using it to degrade Rhodamine B under sunlight. Results of XRD tests show that
differences in sintering temperature affect crystallite size. Increases in sintering temperature between 400°
C and 500° C result in greater crystallite size, whereas sintering temperature between 550° C and 600°C
result in smaller crystallite size. Results of SEM tests show that resulting Bi»O3 has rod-like structure,
While results of degradation tests show that increases in sintering temperature enhances photocatalytic
activities of Bi,O3, as evident with Bi,O3 undergoing sintering at 600°C was able to degrade Rhodamine B
with 56.74% effectiveness and degradation rate of 0.007 ppm/min.
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Introduction

Over the past few years, research on semiconductor-based photocatalysis has been gaining interest as it has
wide-ranging applications, from gas sensor, electrochromic material, solar energy conversion, optoelectronic
devices, to optical layers [1][2][3]. Traditional photocatalytic materials such as TiO,, ZnO, and BiPO4 have
incredible photocatalytic performance under ultraviolet light irradiation but their energy gaps are too wide to
be able to absorb visible light [3][4][5]. This is quite a drawback as UV only makes up 5 % of the total
sunlight reaching the Earth [6][7].Therefore, researchers try to develop photocatalytic materials that can be
activated by visible light such as Bi,O3 with an energy gap of 2.8 eV[8][9][10].

Bi,O3 possesses advantageous characteristics such as significant photoluminescence, high reflective index
(2.3), high photoconductivity, high thermal chemistry stability, low resistivity, being non-poisonous, and good
photocatalytic activities [11][12][13]. Bi»Os; comes in six phases of: a-Bi203 (monoclinic), B-Bi,O3
(tetragonal), y-Bi,O3 (body-centered cubic), 8-Bi,O3 (face-centered cubic), &-Bi,O3 (orthorhombic), and ®-
Bi,03 (triclinic) [14]. Out of those six phases, a- Bi,O3 is the most stable, while B-Bi,Os is slightly less stable
than a-Bi,O3. Meanwhile, y-Bi,O3, 8-Bi,03, £-Bi,0O3; w-Bi,O3 are metastable phases [15].

Methodology

Bi,0O3; was synthesized using precipitation method as depicted in Figure 1. Bi(NO3)35H,0 was used as Bi,
HNO; source that served as solvent, and NaOH served as the catalyst. First, 0.5 g of Bi(NO3)35H,0 was
dissolved in 50 ml of 5%HNO3 solution. The process was performed by stirring both materials using a stirrer.
Afterwards, 250 ml of NaOH was added to the solution and was then further stirred using a stirrer for 2 hours
in order to produce precipitate. Precipitate and solution were separated using filter paper before being heated to
120° C to evaporate the water and produce Bi,Os; powder. The Bi,Os powder that no longer contain water was
then undergoing sintering in a furnace at temperatures of 400°C, 450°C, 500°C, 550°C, and 600°C for 4 hours,
respectively. Resulting materials were then designated samples A, B, C, D, and E. The next step was
characterization. Characterizations were performed using XRD to find out their crystallinity and SEM-EDX to
figure out their morphology.
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Figure 1. Bi,O3 synthesis using precipitation method

Results and discussion

XRD Analysis

Results of XRD analysis are depicted in Figure 2. Based on JCPDS, No. 27-0053, diffraction peaks are at
21.75° 25.76° 25.56° 26.91° 27.39° 28.01° 33.96° 35.04° 37.57° 46.29° 48.59° 52.09° 52.38° 52.98°,
54.80° 55.45° 55.88° 57.78° 58.29° 62.31° 63.55°, which show diffraction of (020), (021), (002), (112),
(121), (012), (202), (212), (113), (223), (104), (313), (322), (233), (241), (224), (323), (304), (143), (152),
(213). In general, increasing sintering temperatures result in higher and sharper diffraction peaks. No
diffraction peak was found in sample A. This means that sample A is amorphous. Sample B has three
diffraction peaks. This means that 450° C is adequate to change amorphous structure into crystalline structure.
Figure 2 also reveals that the number of diffraction peaks increases, as sintering temperature rises. This means
that raising sintering temperatures speeds up transformation from amorphous Bi,O3 into crystalline Bi,Os.
Higher sintering temperature results in better crystallite quality. This is supported by results from degradation
test. Higher sintering temperature results in better degradation outcome. Higher crystallinity results in higher
photocatalytic activities. Therefore, sample A is amorphous Bi,O3 with the lowest photocatalytic activity. In
amorphous materials, electrons and holes play the role of easily recombined photocatalysis [16] Results from
XRD test also reveal that crystallite size is affected by sintering temperature. Crystallite size is measured using

the Scherrer formula (Equation 1) [17].
Cs=—*24 1)

" FWHM (cos 6)
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With Cs is crystallite size, ¢ is a constant (shape factor), A is the X-Ray wavelength, FWHM is the full width at
half maximum of characteristic diffraction peaks. Calculation results using Equation 1 are shown in Table 1.
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Figure 2. Results of XRD analysis

Table 1 Crystallite size

70

Sample | FWHM (rad) | 2 theta (degree) A(nm) D (nm)
A - - - -
B 0.322 27.573 0.154 25.437
C 0.287 27.794 0.154 28.544
D 0.159 27.927 0.154 51.458
E 0.147 28.141 0.154 55.658

It can be seen in Table 1 that FWHM decreases from sample A to sample E. This decrease in FWHM also
confirms that crystallinity increases with rising sintering temperature. Table 1 also reveals that higher sintering
temperature results in shifting diffraction peaks. Raising sintering temperature also affects crystallite size.
Higher sintering temperature results in greater crystallite size.

SEM-EDX analysis
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Figure 3. Results of SEM analysis

Results of SEM test show that sintering temperature affects Bi,Os; morphology. Figure 3. Shows that resulting
Bi,Os has rod-like structure. Sample A, which as sintered at 400° C, appears to have rough rod structure.
Raising sintering temperature from 400°C to 500°C caused alteration in Bi,Os rod structure, from being rough
to become smoother. When sintering temperature was raised to 550°C, Bi,Os particles started to experience
agglomeration. Sintering at 600°C caused extensive agglomeration and the rod-like structure of Bi,Ojz is no
longer visible. SEM images also show that raising sintering temperature from 400°C to 500°C caused particle
growth, whereas raising sintering temperature from 500°C to 600°C caused agglomeration. This means that the
optimum temperature for particle growth is 500°C.

Degradation Test

Photocatalytic activity of Bi,O3 was tested for its ability to degrade 10 PPM of Rhodamine B (RhB). Rh B was
chosen because it is an organic colorant that is widely used, despite the fact that it is not environmentally
friendly [18]. An amount of 0.06 g of Bi,O3 photocatalytic powder was used to degrade 40 ml or Rh B.
Degradation test has shown the success of reducing Rh B concentration as depicted in Figure 4.
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Figure 4. Lowering Rh B concentration every 10 minutes.

Results of degradation test show that sintering duration affects photocatalytic activity of Bi,Os, in which longer
sintering period results in better photocatalytic activity. Therefore, final Rh B concentration with degradation
using sample A is greatest, followed by those using samples B, C, D, and E. Figure 5. Figure 5 shows that
sample E processes the highest photocatalytic activity of 56.74%, followed by samples D, C, B, and A, with
photocatalytic activities of 48.49%, 36.22%, 21.53%, and 18.91%, respectively. In the meantime, Figure 6
reveals that sample E is capable of degrading Rn B the fastest, at a rate of 0.007 ppm/min, followed by samples
D, C, B, and A, with degradation rates of 0.005 ppm/min, 0.003 ppm/min, 0.001 ppm/min and 0.001 ppm/min,
respectively. This means that increasing sintering temperatures has successfully improved photocatalytic
activity of Bi,O3. Improved photocatalytic activity relates to better crystallinity, as proven by XRD test results
depicted in Figure 2. Hence, it can be concluded that crystallinity affects photocatalytic activity of Bi,Os.
Meanwhile, morphology and crystallite size do not significantly affect photocatalytic activity.
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Figure 5. Photocatalytic effectiveness of Bi,O3 with varied sintering duration

Conclusion

This research found that different sintering temperatures affect crystallinity, morphology, and photocatalytic
activity of Bi,Os. Crystallite size of Bi,O3 is optimum at sintering temperature of 500°C; with raising sintering
temperature from 400° C to 500° C increases crystallite size. Raising sintering temperature from 500°C to
600°C decreases crystallite size. Therefore, the optimum crystallite size is reached at a temperature of 500°C.
Raising sintering temperature from 400°C to 500°C increases crystallite size, and decreases band gap energy. In
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the meantime, raising sintering temperature from 500°C to 600°C results in agglomeration. Results of
degradation test found that photocatalytic activity is in line with sintering temperature. This means that higher
sintering temperature results in higher photocatalytic activity.
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