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Abstract: A facile method was applied for synthesis of graphene oxide based on
bismuth oxide (Bi,Og3) by hydrothermal method. Thermal treatments were applied to the
produced composite (5%p- GO/Bi,03) at 350 °C. Rhodamine-B (RhB) degradation
under UV and visible light was investigated to determine the composites' photocatalytic
activity. The effects of calcination temperature, dye concentration, and initial pH of
dyes were studied on photocatalytic degradation of organic dye. The prepared
composites showed good enhancement on photocatalytic degradation compared with
pure Bi;Os. This high performance of composites is attributed to the good distribution
of Bi,O3 particles on the graphene oxide sheets, rapid transfer of the photogenerated
electron on the surface that led to decrease the hole electron recombination.

Keywords: Bismuth Oxide (Bi,O3), Graphene Oxide (GO), Photocatalytic degradation, rhodamine-

B (Rh B).
1. Introduction

Environmental contamination, particularly
water pollution, has increased in recent years
due to modern industry's rapid growth. Since
the water environment is one of the sources of
life for living things, pollution of the water
environment is a serious issue that needs to be
resolved.

Industrial and medical waste can contribute
significantly to water pollution issues if it is
dumped into a river without any additional
treatment. The rhodamine B (RhB) dye, which
is widely used in the food, leather, and textile
sectors[1] , causes a number of ecological
issues because it inhibits light penetration in
water, which lowers photosynthesis in aquatic
plants[2] [3]. Additionally, it has been shown
that this dye is mutagenic and carcinogenic.
Therefore, rhodamine B can build up in the
digestive tracts of humans and animals through
nutrition, leading to a number of digestive
disorders, including liver failure, intestinal
tumours, and stomach polyps [4]. According to
research, the dye is extremely neurotoxic and
carcinogenic to living things . The waste's
toxic, buildup-prone, and potentially cancer-
causing nature posses a significant danger to
the aquatic environment.

Therefore, to address this issue of water
contamination, an effective and efficient

approach is required. Advanced Oxidation
Processes (AOPs) are a
popular green procedure that is economical
and ecologically benign, making them

more efficient in solving water-related
environmental issues.  In AOPs,  hydroxyl
radicals are produced in large enough
amounts to influence water purification and ma
ke use of the oxidation reaction process. [5] [6]
Because photocatalytic technology can perform
oxidation reactions, produce hydroxyl radicals,
and is environmentally benign and sustainable,
it has good potential for wusage in this
technique.[7, 8] Semiconductor photocatalysts
have been used extensively to address the issue
of water contamination. Titanium Oxide TiO;
with other semiconductors Bi,O3;, SnO,, and
ZnO have been largely applied to degrade
pollutants in the aquatic environment under
Ultraviolet (UV) light irradiation.[9]

As well as established methods, chemical
stability of semiconductors against photo
corrosion, catalysis has played an important
role in the degradation of organic pollutants,
The foundation of heterogeneous photo-
catalysis is the creation of electron-hole pairs
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by stimulating a semiconductor with radiation,
usually in the ultraviolet. To create radicals like
O, " and OH', these species react with
molecules that have been absorbed on the
surface, including contaminants, oxygen, water,
and hydroxyl ions. Traditional oxidants may
mineralize most organic molecules either
completely or partially, but these radicals have
a greater oxidizing potential. [10-12]

Bi,O3 is proving to be one of the most
important and suitable photocatalysis for
application in the environment due to its
biological nontoxicity[6, 10, 13, 14], ability to
redox, and lower cost. But its relatively wide
band gap (3.2 eV) and high rate of
photogenerated electron/hole recombination
limit its further application in visible light
vision (400 nm < A < 700 nm) with
hydrothermal method by using graphene oxide
as a dispersant[15-17], which might improve

the  distribution  of  particles  during
ultrasonication. Photodegradation of
rhodamine-B (RhB) was employed to

investigate the photocatalytic activities of the
Bi,O3/ GO photocatalyst, with 500 w Xe-lamp
equipped with a U.V - cut-off filter (A > 400
nm) as the light source. To support Bi, O3
semiconductors, GO was selected.[18, 19] This
structure has never been recorded as far as we
know. In comparison to semiconductors Bi,Os
alone, our ternary GO/Bi,O3; combination,
which was made using the Hydro-thermal
process and calcined at various temperatures,
has demonstrated its efficacy in photo-
degradation of RhB, particularly when calcined
at 350 °C.

The degradation reaction process was
monitored by measuring the concentration of
RhB as a function of irradiation time in the
solution with UV-Vis absorption spectrum. All
the photocatalytic experiments in this article
were carried out at neutral pH. Through high
photon energy irradiation, electrons move from
the VB to the CB in the photocatalyst. By
creating holes and electrons on the valence and
conduction bands, respectively, electron-hole
pairs are induced. The hole oxidizes water
molecules to produce hydrogen gas and
hydroxyl radicals, while the electrons transform
oxygen atoms into superoxide radicals. After
that, the superoxide and hydroxyl radicals
attack the pollutants and turn them into

harmless byproducts. The following equations
illustrate the mechanism of the photocatalytic
activity process.[12, 20]

RhB—RhB* (hv) (1)

GO/p-Bi,O3 + RhB* — RhB* +GO/p-Bi,03
+e (2)

GO/B-Bi,0; () +O; — GO/B-Bi,03 + O, (3)
RhB* + O,/ O, — intermediate product (4)
2. Materials and procedures
2.1. Materials and chemicals

All of the chemicals utilized came from
commercial sources without any additional
purification. Alpha Aesar provided 99.9 %
graphite powder, while ADWIC provided 30 %
hydrogen peroxide (H20,), concentrated
sulfuric acid (H,SO,), potassium permanganate
(KMnQy), and sodium nitrate (NaNO3). Sigma
Aldrich  supplied ammonium  hydroxide
(NH4OH),  bismuth  (Ill)  nitrate  (Bi
(NO3)3.5H,0), absolute ethanol, and rhodamine
B (RhB).

2.2. Synthesis of Graphene Oxide (GO)

GO was produced utilizing powdered flake
graphite and the improved Hummers technique.
After 1 g of NaNOj3 has completely dissolved in
125 mL of concentrated H,SO4, 1.0 g of
graphite powder (99.95%) is added. The
mixture must be aggressively agitated in an ice
bath and kept at 0 °C for two hours. After the
addition of 2.0 g of KMnO, gradually over the
period of 1.5 hours and then the mixture was
cooled for 2 hours in an ice bath. After that, the
mixture was vigorously stirred and let to remain
at room temperature for twenty-four hours. 50
mL of deionized H,O was added slowly to the
paste, causing violent effervescence and the
evolution of brown vapour. After 15 minutes,
100 mL of deionized H,O was added to the
mixture. 15 mL of H,O, (30%) was added to
reduce the residual KMnQOy,, and the suspension
turned golden yellow with bubbling. The
solution was then washed three times with HCI
(10%) and then with H,O until the residual
H,SO,4 was completely removed, as determined
by BaCl,. Finally, the mixture was dried at 80
°C overnight to obtain GO sheets.

2.3. Synthesis of 5%-Bi,0:/GO

The BIi,03/GO was made utilizing a
hydrothermal process with mild conditions and
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a precursor of Bi (NOs)s. 5H,0. The reaction
begins with the dissolution of 1.0 g of bismuth
nitrate pentahydrate Bi(NO3)3-5H,0 in 10 mL
of diluted HNOj3 solution (0.75 M). In a typical
case, Bi(NOg3);-5H,O was dissolved in nitric
acid to avoid hydrolyzation of Bi®*" ions
containing an equivalent amount of GO.
Ammonia solution NH,OH was added after full
dissolution while being vigorously stirred for
three to four hours to maintain the precipitation
reaction's pH value at 8.5. After being moved to
a 100 mL Teflon-lined stainless-steel autoclave,
the resulting was heated and kept at 180 °C.
Finally, the product was centrifuged, washed
several times, dried at 80 °C, and calcined at
350 °C.

2.4. Material Characterization

The effectiveness of the preparation was
verified using a range of analytical methods.
Using an SEM (JEOL JSM 6510lv), the
morphology (microstructure) of the tailored
composite was examined. The crystal structure
at the 20 range of 5-70° was analyzed using
Bruker equipment (A = 1.54178 A, step size of
0.02 and scan step length of 0.80 s) and X-ray
diffraction (XRD) patterns.

3. Results and Discussion
3.1. Specifications of the Material

Fig.1 shows the TEM image of the precursor
of the 5%GO/ B-Bi,O3 sample, while its
particles exhibit an approximate diameter of
2.3-7.2 nm. It can be found in Fig.1l that the
tetrahedral structures of the Bi,O3 sample are
constructed by GO accumulating nanosheet
layer by layer. On the other hand, the GO/pB-
Bi,O3 functional groups were identified via FT-
IR analysis (Fig. 2). The skeletal vibrations of
graphitic domains are responsible for the C =C
peak at 1631 cm™ and the broad and strong O-
H peak at 3438 cm™ that results from
intercalated water [11, 24]. Carboxylic acid and
carbonyl groups' stretching vibration modes of
C = O are responsible for the strong band at
1631 cm™, while C-O (epoxy) groups are
responsible for the band at 1249 cm™.

Fig.3 shows the x-ray pattern of the as-
prepared sample of Bi,O3 shows peaks at 2 6
values of 27.5, 30.16, 39.07, 46.95, and 51.67°,
which correspond to(2 0 1), (21 1), (220), (4
0 0), and (2 0 3) respectively, crystal planes. It
proves the forming of the pure Bi,O3 (B-

phase). The intense peaks indicate that
tetragonal B-Bi,O3 owns a good crystallization.

100

Fig. 1: TEM images of 5% Bi,04/GO.
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Fig. 2: FT-IR image of 5% Bi,03/GO.
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Fig. 3: X-ray image of 5% Bi,03/GO.
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Fig. 4: Removal of RhB dye using pure Bi,Os
and 5% Bi»,03/GO calcined at 350 °C
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3.2. Photocatalytic performance of calcined
Bi,03/GO

In  comparison tothe photocatalysts,
the parent before loading of GO
exhibits poorer performance for the photo-
degradation of RhB (only 62% within
2.5 hours). Compared to pure B-Bi,O3, the 5%
GO/ B-Bi,O3 sample calcinated at 350 °C shows
the best performance where the degradation
efficiency of RhB reaches 96.5% after 2.5 h.
Further increase of the calcination temperatures
exerts a negative effect on the degradation
performances, as observed in Fig.4.

== pH(10)
== pH(6)
== pH(4)
== pH2

Removal of RhB
Adsorption - desorption equilibrium

80 -60 -40 20 O 20 40 60 80 100 120 140
Time (min.)
Fig. 5: Removal of RhB dye using 5%
Bi,03/GO at different pH.

Fig. 5 shows the effectiveness of pH on
RhB degradation using 5% p-
Bi,03/GO photocatalyst calcined at 350 °C. It is
known that the pH of solution may influence
the photocatalytic activity. So, the effect of pH
was studied by adjusting pH of the solutions
with  NaOH and HCI. The Rhodamine-B
degradation experiments were performed in the
pH range of 2.0-10.0 with a photocatalyst
dosage of 0.05 g/L. The initial pH value of the
Rh-B solution in natural conditions was 6. The
degradation ability of GO/B-Bi,O3 for Rd-B
decreased after adjusting the pH of solutions.
As shown in Fig. 5, the highest photocatalytic
activity was observed at the pH value of 6.0.

4. Conclusion

A series of Bi;O3/GO composite were
prepared in this study using the nonaqueous
hydrothermal technique, and they showed
improved photocatalytic activity and stability in
the destruction of Rh-B when exposed to
visible light. Compared to pure GO, the
addition of Bi O3 may significantly inhibit the

overgrowth of crystallites and improve
absorption of visible light. In addition the effet
of pH of solutions was studied and the results
confirmed that the high photoatalytic activity
was obtained at pH value of 6.
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