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INTRODUCTION

Bismuth oxide (Bi2O3) offers many outstanding properties
and has been extensively used in many different fields such as
catalysis [1,2], energy materials [3,4], optoelectronics, optical
coatings [5], etc. due to its high refractive index, large energy
band gap (2-3.96 eV) and dielectric permittivity [6]. The material
with bismuth ingredient has been found to be a potential candi-
date for catalysis that can degrade organic pollutants under
UV-visible light [7-9]. Besides, the preparation of bismuth
particles with different routes by using a chemical method such
as pyrolysis of bismuth compound [10,11], hydrochemical
method [12-15] and solid state reaction [16] also attracted much
attention of scientists. Mallahi et al. [17] reported about the
synthesis and characterization of bismuth oxide nanoparticles
via sol-gel method. Oudghiri-Hassani et al. [6] reported the
synthesis, characterization and photocatalytic activity of α-
Bi2O3 nano-particles.

On the other aspect, activated carbon fiber (ACF) is known
as substrate source for synthetic nanomaterials that have many
different targets, using a variety of synthetic approaches and
combined with many types of nanomaterials. This material source
is identified as the good candidate for preparing nanocomposite
materials due to its high porosity and surface adsorption reactivity
(1000 m2/g) as well as larger pore volume than granular activated
carbon (GAC) [18-22]. With several outstanding properties and
functional groups on its surface, activated carbon fiber (ACF) is
promising to make a positive effect in the photocatalyst activity
[23].  One of the highlights of this material source is no significant
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effect on its adsorptive capacity with the change of pH value and
temperature [24]. Yao et al. [25] reported the immobilization of
TiO2 nanoparticles on activated carbon fiber and its
photodegradation performance for organic pollutants.  Li et al.
[26] reported the synergetic effect between adsorption and
photodegradation on nanostructured TiO2/activated carbon fiber
felt porous composites for toluene removal. Nevertheless, the
synthesis of ACF-Bi2O3 composite using a facile method, such as
the hydrothermal method, however, the subsequent use of the
materials have not been demonstrated yet.

To this end, a combination of activated carbon fiber (ACF)
and Bi2O3 was prepared using a facile, one-step hydrothermal
method and were used in the photodegradation of model organic
pollutants rhodamine B, methylene blue trihydrate and reactive
black B in an aqueous solution under visible light irradiation.
The obtained solution was then transferred into an autoclave for
the hydrothermal reaction. The structure and morphology of
Bi(NO3)3·5H2O-ACF composites were characterized via X-ray
diffraction (XRD), scanning electron microscopy (SEM), energy
dispersive X-ray (EDX) analysis and FT-IR spectra. The surface
area of the surveys composites were determined by using the
BET method.

EXPERIMENTAL

Activated carbon fiber (ACF) was obtained from Nantong
Sutong Carbon Fiber Co. Ltd. (Jiangsu, China). Bismuth nitrate
pentahydrate (98 %), rhodamine B and methylene blue trihydrate
were purchased from Samchun Pure Chemicals Co. Ltd., Korea.
Reactive black B was purchased from JAY Chemical Industries



Ltd., India. Hydrochloric acid (35-37 %) and ethanol (95 %)
were purchased from Duskan Pure Chemicals Co. Ltd., Korea.
Sulfuric acid (98 %) was purchased from Daejung, Korea. All
the chemicals were used without further purification and the
double distilled water was used throughout the experiments.

X-ray diffraction (Shimadzu XD-D1) was used to deter-
mine the crystallinity with monochromatic high-intensity CuKα

radiation (λ = 1.5406 Å). Scanning electron microscopy (JSM-
5600) was used to observe the surface and structure of the prepared
composites. Elemental mapping over the desired region of
prepared composite was detected using an energy dispersive
X-ray (EDX) analysis attached to SEM. The Fourier Transform
Infrared (FT-IR) spectrum was obtained by Nicolet 360 spectro-
metry. Nitrogen adsorption/desorption isotherms studies were
prepared using a Micromeritics ASAP 2020 M+C operating
at 77 K using the Brunauer-Emmett-Teller (BET) method to
determine the surface area.

Detection method

Grinded activated carbon fiber (ACF): The activated
carbon fiber (ACF) was finely grounded with ball mill grinder
machine to make ACF powder. The achieved ACF powder was
smoothed by sieve.

Acid treatment: A moderate amount of ACF powder was
added into a mixture of nitric acid:sulfuric acid:distilled water
with volume ratio 1:3:1, then stirred with magnetic stirring for
6 h without temperature. The product was washed with distilled
water until pH become neutral. The ACF powder with acid
treatment was obtained after drying in a vacuum at 100 ºC for
48 h.

Synthesis of Bi(NO3)3·5H2O-ACF composite: Part A was
obtained via ultrasonication of a certain amount of Bi(NO3)3·
5H2O powder in 100 mL distilled water for 30 min (Ultrasonic
Processor, VCX 750, 500 Watt, Korea, Power 500 Watt, frequency
20KHz, Amplitude 50%, low intensity). Vigorous stirring of
the mixture of parts A and 1 g ACF powder was continued for
6 h at 70 ºC. After a hydrothermal reaction occurred at 100 ºC
for 18 h, the product was washed with distilled water until pH
become neutral. The Bi(NO3)3·5H2O-ACF composite was obtained
after drying in a vacuum at 100°C for 48 h. Similar samples
were prepared corresponds to 0.01, 0.02, and 0.03 mol of
Bi(NO3)3·5H2O and labeled as ACF-A, ACF-B and ACF-C,
respectively.

The typical photocatalytic test carried out at room tempe-
rature, the survey samples used in this study was found to be
0.05 g, dissolved in 100 mL rhodamine B solution (200 ppm).
Prior to irradiation, the above mixture solution was maintained
in a dark box for 2 h to establish the adsorption/desorption
equilibrium of organic dyes. The solution was then irradiated
with visible light radiation (λ ≥ 420 nm). The first sample was
withdrawn at the end of dark adsorption period before switching
on the light to determine the rhodamine B concentration in
the solution after dark adsorption. The starting point (t = 0) of
the reaction was defined as the point where concentration of
rhodamine B solution was recorded as co. Afterward, these samples
were extracted from the solution mixtures in the reactor at
regular intervals of 30, 60, 90, 120, and 180 min. The powder
was dispersed using a centrifuge machine (10,000 ppm/15 min)
before the analysis. The dye concentration in the solution was

measured as a function of the irradiation time. The photodeg-
radation of methylene blue and reactive black B solution proc-
eeded following a similar process.

A UV-spectrophotometer (Opizen POP, Korea) was used
to analyze the photodegradation of the dye solutions in terms of
the concentration (c). A spectrophotometric analysis was performed
on each sample of the dye solutions at regular time intervals to
obtain the absorbance spectrum. The spectral range was investi-
gated at λmax = 554, 665 and 591 nm, respectively, for rhodamine
B, methylene blue and reactive black B by using a calibration
curve since no reaction occurred with the absorption of products
at these wavelengths (Table-1). The degradation capacity (η %)
was calculated as:

100
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o
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The photodegradation of organic dyes was also observed
for rhodamine B, methylene blue and reactive black B with (a)
ACF-A, (b) ACF-B, and (c) ACF-C, following the same procedure
as mentioned above.
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RESULTS AND DISCUSSION

The XRD patterns (Fig. 1) of all the samples shows three
main diffraction peaks (120), (200) and (121) with the JCPDS
file #41-1449, which confirms the presence of monoclinic
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Fig. 1. XRD patterns of the ACF-A, ACF-B and ACF-C composites

Bi2O3 [6,27]. All the diffraction peaks are clear and the purity of
the nanocomposites was confirmed as no other unexpected peaks
found. As there was an increased mole ratio of Bi(NO3)3·5H2O,
the diffraction peaks of Bi2O3 was higher and more clearly.
The obtained results showed that the prepared composites were
almost perfect, with single phase, high crystallinity and purity.

Fig. 2 shows the SEM results of loaded activated carbon
fiber (ACF) and the different mole ratios of Bi(NO3)3·5H2O.
According to Fig. 2(a-f), Bi2O3 particles with the variety of
shapes were successfully covered on the ACF surface. Fig.
2(a-b) exhibited the shape state of 0.01 mol of Bi2O3 with 1 g
ACF (ACF-A). As the result, Bi2O3 particles were presented
as the block with disunion morphology. The average diameters
of the particle sizes [Fig. 2(a-b)] were found to be around 150
and 220 µm. On the other hand, as the increased mol ratio of
Bi(NO3)3·5H2O, the morphology of the samples was changed
from spherical shape [Figs. 2(c-d)], ACF-B) to a disk-like shape

with dispersant structure [Figs. 2(e-f), ACF-C]. Their particle
sizes were approximately 250-600 and 110-220 µm for ACF-
B, ACF-C samples, respectively. The pre-treatment of ACF
with acid plays an important role in the morphology of the as-
synthesized composites. Besides, the uniformly immobilized
with the difference shape of Bi2O3 particle on the surface of
ACF substrate is promising to bring the variety of photodegra-
dation results of the prepared samples.

The EDX microanalyses of ACF and Bi2O3-ACF comp-
osites were also recorded as an example in order to obtain the
information of the main elements in the prepared composites.
According to Figs. 3(a-b), the ACF-C exhibited three kinds of
peaks C, O, Bi, and no other impurity was detected. This result
means that a combination of ACF and Bi2O3 had successfully
formed. In Fig. 3a, the strong peak of Bi appeared at 2.6 eV
and for oxygen at 0.56 eV as an evidence of the presence of
both elements in Bi2O3 composite. Table-2 presents the mean
amount of elements, which also suggested that the sample had
three kinds major elements viz., C, O, and Bi. In ACF case, the
EDX was good with 88.28 %, and 11.72 % corresponding to
the C and O elements, without the presence of unexpected
elements. Besides the presence of C, O, and Bi elements in
ACF-A and ACF-B composites with major percent, the small
amount impurity elements was detected (Table-2). Beyond the
expectation, ACF-C composite was absolutely pure which was
rich in Bi (52.39 %) but there is a disparity when compared to
C and O elements (22.39 and 25.22 %, respectively). The BET
analysis has proceeded and the results are presented in Table-
2. The BET surface area of ACF, ACF-A, ACF-B, ACF-C
composites was 1125, 950, 920 and 892 m2/g, respectively.
According to above results, it can seen that the surface area
was reduced as a result of adding Bi2O3 particles in the ACF
structure. With an increase in Bi(NO3)2 mole ratio, the more
Bi2O3 particles anchored in the ACF, which expected to have a
high photocatalytic activity.

Fig. 2. SEM morphology of ACF-A (a and b), ACF-B (c and d) and ACF-C (e and f) composites
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Fig. 3. EDX elemental microanalysis (a) and graphical representation of
the quantitative analysis (b) of ACF-C composite

TABLE-2 
ELEMENTAL MICROANALYSIS (wt %) OF  

ACF AND Bi2O3-ACF COMPOSITES 

Sample C O Bi Others SBET (m2/g) 
ACF 88.28 11.72 – – 1125 
ACF-A 59.01 20.24 13.48 7.27 950 
ACF-B 23.15 29.32 45.29 2.24 920 
ACF-C 22.39 25.22 52.39 – 892 

 
According to the previous report, the FT-IR spectrum of

actived carbon fiber shows a variety of peaks that can be attributed
to oxygen-containing groups. The peaks centered at 3439, 1630
cm-1 assisted the -OH group stretching vibration bands, flexural
vibration bands of -OH group, respectively. On the other hand,
the peaks located at 2920 and 1122 cm-1 corresponded to the
stretching vibration bands of the -CH2 group and in-plane flexural
vibrations of the -CH group, respectively [28]. For comparison,
FT-IR spectrum of Bi2O3-activated carbon fiber was surveyed.
As the results in Fig. 4, the newly observed characteristic features
at 590, 1040 cm-1 were obtained as evidence proved that Bi2O3

particles covered the actived carbon fiber with the physical
interaction, after the hydrothermal reaction. The disappearance
of oxygen-containing groups of activated carbon fiber as well as
the presence of new peaks corresponding to chemical bonds
between Bi2O3 and activated carbon fiber [29,30]. The FT-IR
spectrum and other results proved that the as-synthesized Bi2O3-
activated carbon fiber was successfully synthesized.

Photodegradation: The organic dye degradation progr-
essed in two stages. First, the adsorption/desorption equilibrium
of organic dyes was established in a dark box for 2 h. Then,
the photocatalytic degradation experiment of the dye solutions
was conducted under visible light irradiation with different
irradiation times (from 0 to 180 min).

1800 1600 1400 1200 1000 800 600
65

70

75

80

85

90

95

100

ACF-A

ACF-B

 

Wavenumber (cm )
–1

T
ra

n
sm

itt
an

ce
 (

%
)

ACF-C

Fig. 4. FT-IR spectra of ACF-A, ACF-B and ACF-C composites

Degradation of rhodamine B: The degradation results
of prepared samples with rhodamine B are shown in Fig. 5.
Following the adsorption effect in a dark box for 2 h, ACF-A
achieved the highest rhodamine B removal with 11.26 %, while
ACF-B and ACF-C were removed by around 5.43, and 8.45 %,
respectively. For the photocatalytic degradation with 3 h under
visible light irradiation, ACF-A still remained the best result
with 25.47 % rhodamine B removal, which is better than ACF-
B (15.09 %) and ACF-C (13.76 %). The above results showed
that ACF-A is the best candidate for the rhodamine B removal
than other dyes.

Degradation of methylene blue: The adsorption effect of
ACF-A and ACF-B overtook the ACF-C with 11.78, 17.42, and
3.23 % methylene blue removal, respectively (Fig. 6). Hence,
ACF-B still kept the best percent of methylene blue removal
with 25.44 % after 180 min under visible light irradiation for the
For the photocatalytic effect. Beisdes, ACF-A and ACF-C
achieved the lower effect with 18.51 and 14.05 %, respectively.

Degradation of reactive black B: The photocatalytic degr-
adation of reactive black B in aqueous solution using prepared
composites is shown in Fig. 7. With 9.51 % reactive black B
removal, ACF-C shows the best adsorption effect than ACF-A
and ACF-B (2.82 %, and 0.75 %, respectively (Fig. 7). Under
the visible light, the absorption capacity of ACF-C continued
to increase with the increase of irradiation time. The ACF-C
composite showed the photodegradation results around 14.47 %
removal of reactive black B. Meanwhile, ACF-A and ACF-B
composites showed photodegradation results around of 9.47
and 3.55 %, respectively, under the same experimental conditions.

Photocatalytic reactions with different photocatalysts were
presented by the Langmuir-Hinshelwood model [31]. The photo-
catalytic degradation of dye containing different photocatalysts
obeys the pseudo-first-order kinetics with respect to concen-
tration of dye solution.

-dc/dt = kappc (I)

Integration of eqn I (with the restriction of c = co at t = 0,
where co is the initial concentration in bulk solution after dark
adsorption and t is the reaction time) will lead to the following
expected relation:
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Fig. 5. Degradation of different composites with rhodamine B (RhB) under visible light irradiation. The amount of composites was 0.05 g. The experiments
were carried out at 100 mL of 5.0 × 10-5 mol/L mol/L dye concentration with neutral pH
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Fig. 6. Degradation of different composites with methylene blue trihydrate under visible light irradiation. The amount of composites was 0.05 g. The
experiments were carried out at 100 mL of 5.0 × 10-5 mol/L mol/L dye concentration with neutral pH
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Fig. 7. Degradation of different composites with reactive black B under visible light irradiation. The amount of composites was 0.05 g. The
experiments were carried out at 100 mL of 5.0 × 10-5 mol/L mol/L dye concentration with neutral pH

-ln(c/co) = kappt (II)

where c and co are the reactant concentration at times t = t and
t = 0, respectively, and kapp and t are the apparent reaction rate
constant and time, respectively. According to eqn. II, a plot of
-ln(c/co) versus t will yield a slope of kapp. The results are shown
in Fig. 8. The reactive black B degradation rate constant for
ACF-B reached 8.0 × 10-3 min-1, and the result was greater
than both ACF-A and ACF-C composites. On the other hand,
rhodamine B degradation rate constant for ACF-B obtained
6.5 × 10-3 min-1, which higher than other composites. In the
methylene blue case, the highest methylene blue degradation
rate constant reached 7.9 × 10-3 min-1 for ACF-C composite.

It is known that the photocatalytic activity of prepared
composite reflects two factors that influence the degradation
rate: (a) the adsorption capacity and (b) the decomposition
effect through catalysis. In the adsorption case, the great pores
and have large surface area of ACF allows a greater amount of
guest species over the catalysts, and the reaction will not be
limited to photocatalytic surface [32]. Then, the highly enhan-
cement of adsorption as well as the absorption rate of dyes
will be occured. Under the visible light irradiation, ACF acts
as the free electrons source and Bi2O3 particles play a role like a

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

1.9 x 10-3

8.0 x 10-3

7.1 x 10-3

7.9 x 10-3

2.2 x 10-3

2.2 x 10-3

2.8 x 10-3

6.5 x 10-3

 R
B

B
M

B

k value (min -1)

R
h

B

 ACF-C
 ACF-B
 ACF-A

4.7 x 10-3

Fig. 8. Kinetic plots for the photodegradation of rhodamine B (RhB),
methylene blue trihydrate (MB) and reactive black B (RBB) solution
under visible light irradiation over different composites. The amount
of composites was 0.05 g. The photodegradation of the rhodamine
B, methylene blue trihydrate and reactive black B solution was carried
out at 100 mL of 5 × 10-5 mol/L dye concentration with neutral pH
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bridge for the transfer of the free electrons from ACF. Besides,
ACF can be accept the electrons produced by light irradiation.
In the conduction band (CB) and valence band (VB) case,
Bi2O3 can be also excited to produce electrons and holes under
visible light irradation. The photogenerated electrons of Bi2O3

can switch to ACF surface to join the reduction reaction (e-
CB).

On the other hand, the photogenerated holes of Bi2O3 can also
switch the graphene surface to participate in oxidation reactions
(h+

VB). With this mechanism, the reduced electron-hole
recombination leads to an increase in the catalytic ability. The
photogenerated electron-hole shifts to the surface and interacts
with substances, such as the hydroxyl group and oxygen, where
the adsorption creates free radicals on the surface of the
semiconductor. After that, the dye molecules can react with
oxygen peroxide radicals O2

•− and hydroxyl radicals OH• to
CO2, H2O and mineralization products (Fig. 9) [33-36]:

Bi2O3-ACF + hν  →   (Bi2O3-ACF)(h+) + (Bi2O3-ACF)(e−)

(Bi2O3-ACF)(e−) →   Bi2O3 + ACF (e−)

ACF (e−) + O2 → ACF + O2
•−

(Bi2O3-ACF)(h+) + OH− → Bi2O3-ACF + OH•

(Bi2O3-ACF)(h+) + H2O → Bi2O3-ACF + OH• + H+

O2
•− or OH• + organic dyes → CO2 + H2O + mineralized products

CB

VB

Bi2O3

hν

h+h+h+h+h+h+

e-e-e-e-e-e-

O2

O2
•-

H2O

OH•  +  H+

Fig. 9. Scheme of excitation and charge transfer process between Bi2O3

particles and ACFs

From the above results, it can seen that ACF exhibited the
important role in the decolouration of organic dyes [18].  The
anchorage and interaction between Bi2O3 particles on the ACF
surface is the key role for improved the photodegradation of
dyes [37].

Conclusion

A combination of activated carbon fiber (ACF) and Bi2O3

particles were successfully synthesized by facile method. The
XRD patterns presented the monoclinic phase of Bi2O3 part-
icles. Moreover, the morphological characteristics of Bi2O3

particles on ACF surface were analyzed through SEM. The
EDX quantitative elemental mapping indicates the presence
of primary elements such as C, O, and Bi while the FT-IR

spectrum shows the structural differences between Bi2O3-
activated carbon fiber and activated carbon fiber through the
removal of oxygen-containing groups and the appearance of
a new characteristic band. The photodegradation of rhodamine
B, methylene blue and reactive black B dyes using of prepared
materials was tested under visible light irradiation. The
anchorage and interaction between Bi2O3 particles on the ACF
surface is the key role for improved photodegradation of dyes.
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