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Abstract

Bismuth oxide (Bi20s3) is a well-studied photocatalyst for degradation of various environmental con-
taminants. In this research Bi2Os has been synthesized by precipitation method using two different
bases (NH4OH and NaOH). The samples thus obtained were then analyzed using FTIR, XRD, and
SEM for surface functionalization, crystal structures and morphological differences, respectively. The
Bi203 precipitated using NH4OH showed a flower like structure made up of individual plates having a-
Bi20s crystal structure. The precipitate obtained using NaOH showed a honeycomb like flower struc-
ture with a mixture of both a-Bi2Os and y-Bi2Os crystal structure. Degradation of methyl orange (MO)
was used as a model system to test the photocatalytic activity of the bismuth oxide. The Bi20s synthe-
sized using NH4OH showed superior photocatalytic degradation of methyl orange than the one synthe-
sized using NaOH. Copyright © 2017 BCREC Group. All rights reserved
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1. Introduction e-Bi203, and w-Bi20s [1,2]. The excellent optical
and electrical properties like high refractive in-
dex, high dielectric permittivity and high oxy-
gen conductivity make this material a suitable
contender for various applications such as solid
electrolyte fuel cells (SEFC) [3], lighting source
[4], solid battery [5], photocatalyst [6], and gas

Bismuth oxide (Bi203) is a yellow colored
crystal with a melting point of 817 °C and the
boiling point of 1890 °C and insoluble in water.
This material has six crystallographic poly-
morphs, i.e. a-Bi2aOs, b-Bi20s, g-Bi20s, d-BizOs,

sensor [7].
* Corresponding Author. Chemical, structural and electrical proper-
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Telp.: +62-24-7460058 Fax.: +62-24-76480675

berec_1144_2017 Copyright © 2017, BCREC, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 12 (3), 2017, 479

synthesis [8,9]. In the case of supported oxide
catalyst the deposition method also plays an
important role in the performance of the cata-
lyst. The deposition method determines
whether the catalyst is uniformly distributed
on the support or accumulation of the oxide
takes place on the areas of the support
[10,11,12]. Therefore, various methods have
been reported for synthesis Bi2Os that include
hydrothermal [13], direct precipitation [14-19],
microwave [6,20], solution combustion [21,22],
and sol gel [1]. Of all these methods, described
for the synthesis of Bi2Os particles, the precipi-
tation method is one of the least complex and
energy efficient. Some of the most common sub-
stances used as the precipitating agents are hy-
droxide [14-16] and ammonia/ammonium salts
[14,17,18].

Zhong et al. [17] studied the use of different
ammonium salt precipitants on the formation
of Bi2Os. They do not find any change in the
structural properties of the Bi2Os synthesized
by changing the precipitant. Rather reported
that the Bi2sOs synthesized using NHs-H20
showed best photocatalytic activity due to high
surface area, pore volume and pore size.
Therefore, in the current study we test to see if
the two most commonly used precipitants (i.e.
NH4OH and NaOH) have an effect structural
and photocatalytic properties of Bi2Os. Addi-
tionally we used bismuth oxy nitrate as a
source of bismuth as compared to the com-
monly used bismuth nitrate [14-19]. The re-
sults suggested that the Bi2Os synthesized us-
ing NH4OH formed a-Biz0s, whereas the one
synthesized using NaOH formed a mixture of
a-Bi203 and y-Biz0s. The photocatalytic proper-
ties of the Bi20s synthesized using NH4OH
showed better activity than the Bi2Os synthe-
sized using NaOH.
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Figure 1. The equipment system for photo-
catalytic activity test

2. Materials and Methods

The materials used in this research were
bismuth oxynitrate (BisO(OH)9o(NOs)4), nitric
acid (65 %), NH4OH, and NaOH which were
purchased from Merck. The solutions were pre-
pared in distilled water.

2.1 Synthesis of bismuth oxide using
precipitation method

Synthesis of bismuth oxide was undertaken
by mixing 10 g BisO(OH)9(NOs)4 and 20 mL cit-
ric acid with stirring continuously (600 rpm).
When the transparent solution was obtained,
subsequently the weak base NH4OH was added
till the white turbid suspension with pH 9 was
formed. The precipitate obtained was then fil-
tered and washed using distilled water and
dried in an oven at 110 °C for 24 hours. The
white powder was then calcined in furnace at
600 °C for 1 hour. After calcination, a yellow
powder was obtained and used for further
characterization. This procedure was similar to
the one followed in literature [14] with slight
modifications. The above procedure was re-
peated for synthesis of bismuth oxide with dif-
ferent precipitating agent by replacing NH4sOH
with NaOH. In addition, the equipment system
for synthesis of bismuth oxide is presented in
Figure 1.

2.2 Characterization of the samples

The raw material bismuth subnitrate and
the yellow powder were characterized using
XRD (XRD Bruker with 26 ranging from 10° to
80° and CuKa radiation (8 = 0.15418 nm) at 40
kV and 30 mA), FT-IR (Prestige 21 (Shimadzu)
with the wavenumber 400-4000 cm-), and
SEM (JEOL-JSM-G510LV) in order to identify
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B : Synthesis reactor

Figure 2. The equipment system for synthesis
of bismuth oxide
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the crystal structure, the changing of func-
tional groups, morphology and particle size, re-
spectively.

2.3 Photocatalytic activity test

Photocatalytic activity of both Bi2Os was
tested using procedure reported previously
[22]. 0.2 g bismuth oxide was added into 100
mL of 5 ppm methyl orange (MO). The mixture
was irradiated using a solar simulator (PEC-
LO01, Peccell Technologies, Inc., Japan) as dem-
onstrated in Figure 2 to simulate sunlight con-
ditions with the powered density incident 1000
Wm-2. In order for the dye to be completely ad-
sorbed on the surface of catalyst prior to photo-
catalysis, the dye and catalyst solution was
stirred in dark for 30 min. The photocatalysis
experiment was carried out for 120 min under
artificial solar irradiation and a sample was re-
trieved after every 20 min. The retrieved reac-
tion mixture was then centrifuged at 6000 rpm
for 5 min to separate the photocatalyst. The
concentration of the supernatant was then
measured using UV-Vis spectrophotometer at
463 nm.

3. Results and Discussion

The synthesis of Bi2O3 by precipitation
method using NH4OH and NaOH produced a

white powder (Bi(OH)s) after drying in the
oven at 110 °C for 24 hours as seen in Figure
3a and 3b, respectively. After calcination at
600 °C for 1 h, the white powder changed its
color to light yellow as seen in Figure 3c and
3d. The change in color indicated the formation
of Bi2Os. As bismuth oxynitrate was used as a
bismuth precursor as compared to previous re-
ports that used bismuth nitrate [14-19], the re-
action chemistry (with NH4sOH) is presented as
follows:

BisO(OH)9(NO3)s ) + HNO3 (ag) —
5 Bi(NOs3)3 (aq) + HNO3 (aq) +10H20 ()

Bi(NO3)3 aq + 3NH4OH (aq) —
Bi(OH)s ) + 3NH4NOs3 (ag)

4 Bi(OH)s ) = 2 Bi203 )+ 6 H20

The XRD data for the synthesized BizOs
precipitate, using NH4OH and NaOH, can be
seen in Figure 4. When the Bi2O3 particles are
synthesized using NH4OH (Figure 4a), they
seem to be in a-Bi2Os phase. Iyyapushpam et
al. [14] reported similar results, unfortunately
no pH values were reported in their study.
Later, Iyyapushpam et al. [15] reported the
presence of y-Bi2Os using NH4OH at pH 9.6

Figure 3. White product synthesized after heating the precipitate for 24 hours at 110 °C (a) using
NH4OH, and (b) using NaOH respectively. Pale yellow precipitate formed after calcination (c) of white
powder formed using NH4OH, and (d) of white powder formed using NaOH, respectively
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and their study suggests that Bi2Os synthe-
sized at pH below 9.6 should be in y-Bi2Os
phase. However, in this study the resultant re-
action mixture pH was 9 and the phase of Bi2Os3
obtained is a-BizOs. The calcination tempera-
ture used during the synthesis of Bi2Os in the
current study and by Iyyapushpam et al. [14] is
higher than that used by Iyyapushpam et al.
[15] which could be the reason for the forma-
tion of a-Biz0s. It is known that a-BizOs is a
stable phase of bismuth oxide and other phases
of Bi2O3 transform to the a-Bi2Os phase under
high temperature [19,23]. This indicates that
both the resultant pH and the calcination tem-
perature determine the phase of Bi2Os.

The XRD pattern for the Bi2Os synthesized
using NaOH is presented in Figure 4b. The
phase of the Bi2Os obtained using NaOH has a
mixture of two phases. The most intensive peak
27.2° is close to the most intensive peak of both
a-Bi203 and y-Bi203[19]. On comparing the dif-
fraction patterns (a) and (b) in Figure 4, it can
be seen that there are two additional peaks in
pattern (b) (marked with asterisk) that corre-
spond to y-Bi203[19]. This suggests that the
material synthesized using NaOH is a mixture
of both a-Bi2O3s and y-Bi2Os, where a-Bi2Os is
the most dominant phase as seen from Figure
4b. Combining the results of this study with
the previous study of Iyyapushpam et al. [14]
suggests that during calcification the Bi2Os
first y-Bi203 phase is formed and then it trans-
forms into a-BizO3 phase. Therefore, the de-
sired phase of Bi2O3 synthesized using precipi-
tation method can be synthesized by regulating
the calcification temperature alone.

FTIR spectra of Bi2Os synthesized by pre-
cipitation method using NH4OH and NaOH can
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Figure 4. X-ray diffraction of bismuth oxide
synthesized using (a) NH4OH and (b) NaOH
precipitating agents, respectively

be seen in Figure 5. The FTIR of the starting
material (see Ref. [22]) shows sharp and in-
tense vibration band at 1200-1700 cm-! indicat-
ing the presence of nitrate (NOs) and has been
discussed previously [22]. Peaks observed be-
tween 3200-3600 cm-! indicate the presence of
OH groups [24,25]. The absence of dominant
peaks between 1200-1700 cm-! and 3200-3600
cm-! in Figure 5 indicate the absence of both ni-
trate and hydroxide groups on the Bi2Os sur-
face. Moreover, the observed vibrational band
between wavenumber 700-600 cm-l and at
~830 cm-! can be assigned to Bi—~O—Bi1 vibration
[24-27].

The SEM images of the Bi2Os synthesized
using NH4OH show small plate like structures
arranged in the flower like manner as seen in
Figure 6a. It can be seen the flower like struc-
ture is made up of individual plate like struc-
tures having a thickness of ~20+10 nm. Duan
et al. [28] synthesized similar flower like struc-
tures using bismuth oxide formate. Alterna-
tively, the Bi1203s synthesized using NaOH has
a honeycomb like flower structure as presented
in Figure 6b. Previously, Zhou et al. [9] synthe-
sized similar flower like structure using VOs
as a precursor to get the desired shape of Bi2Os
particles. Comparing Figure 6a and 6b it can
be seen that the sheets of Bi2Os particles syn-
thesized using NH4OH are thicker than that of
the particles synthesized using NaOH. As com-
pared to the Figure 6a the particles in Figure
6b show a densely packed porous structure,
having pore of 500-800 nm.

The photocatalytic activity of the synthe-
sized Bi2O3 particles was evaluated by study-
ing the degradation of aqueous solution of
methyl orange under artificial solar irradia-
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Figure 5. FTIR spectra of the BizOs synthe-
sized using (a) NH4OH and (b) NaOH, respec-
tively
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tion. Figure 7a shows the photodegradation ef-
ficiency of methyl orange in absence and pres-
ence of the two flower like Bi2Os synthesized
using NaOH and NH4OH, respectively, as a
function of irradiation time. It can be seen that
there was ~64 % degradation of methyl orange
in the presence of Bi2Os synthesized using
NaOH as compared to ~78 % degradation of
methyl orange in presence of Bi2Os synthesized
using NH4OH in 120 min.

The kinetic evaluation of the photocatalyst
was carried out by using the Langmuir-
Hinshelwood model, for pseudo-first order Kki-
netics given by the Equation (1) [14,15,29].

—|n3=kt (1)
C

0

where, C, is the initial concentration of methyl
orange, C is the concentration of methyl orange
at different irradiation time, k& is the kinetic
constant of the reaction, and ¢ is the irradiation
time. Figure 7b shows the linear plot of -
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In(C/Cy) vs t for the two flower like Bi2Os cata-
lysts, respectively. It can be seen from the Fig-
ure 7b that the Bi2O3 synthesized using
NH4OH had a higher kinetic rate constant of
12.5%10-3 -1 as compared to BizOs synthesized
using NaOH of 8.8x10-3 s'1. The kinetic rate
constant of the Bi2Os synthesized using
NH4OH was greater than that previously re-
ported by Iyyapushpam et al. [14]. The reasons
for the lower activity of BizOs synthesized us-
ing NaOH is the presence of the partial y-Bi2Os
phase. It is known that the y-Bi2Os has lower
activity (about one order of magnitude) than
that of a-Bi203 [14,15]. The catalytic activity of
the Bi20s synthesized using NaOH had a
higher activity than that of pure y-Bi2Os of
3.3x104 s'1 [15] and 1.1x10-4 s'1 [6].

4. Conclusions

Synthesis of Bi2Os using the precipitation
method with different precipitating agents was
studied. The use weak base (NH4OH) for Bi2O3
precipitation resulted in formation of plate

SEI  10kV WD15mm SS30 x10,000 1pm —
LAB.TERPADU UNDIP 0000 03 Jun 2016

Figure 6. SEM images of bismuth oxide synthesized using (a) NH4OH and (b) NaOH, respectively
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Figure 7. (a) Photodegradation of methyl orange in presence and absence of Bi20s, and (b) kinetic lin-
ear simulation curves of the degradation of methyl orange in presence of Bi2Os particles synthesized

using NaOH and NH4+OH, respectively.
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type structures arranged in the form of flowers.
The use of strong base (NaOH) for precipitation
of Bi2Os led to formation of honeycomb like
flower structure. Moreover, the photocatalytic
activity of Bi20s synthesized using NH4sOH had
better activity on degradation of methyl orange
than the Bi203 synthesized using NaOH. The
activity was dependent on the crystal structure
of the Biz20s.
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