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ABSTRACT

In order to implement the concept of green development, the protection of the ecological envi-
ronment is urgent. Bi-Bi,O, loaded activated carbon (Bi-AC) was prepared from spent activated
carbon by the method of ultrasound and microwave. The maximum methylene blue adsorption
value of Bi-AC is 210 mg L. The structure and properties of the Bi-AC were characterized by N,
adsorption, X-ray diffraction, scanning electron microscopy, energy-dispersive X-ray spectroscopy,
etc. The results indicate that Bi-AC consists of C, Bi, Bi,O, with the Brunauer-Emmett-Teller of
1,040 m? g'. The methylene orange (MO) adsorption behaviors of Bi-AC and regenerated-activated
carbon (R-AC) were investigated. The adsorption isotherms were studied by Langmuir isotherm,
Freundlich isotherm and Temkin isotherm. The results revealed that the adsorption process of
Bi-AC and R-AC followed Langmuir isotherm, the maximum adsorption capacity of Bi-AC for MO
can reach 352.5 mg g™. The kinetic results revealed that the adsorption process of Bi-AC and R-AC
followed pseudo-second-order. The Bi-AC could be employed as a photocatalyst for degradation
of MO solution under ultraviolet (UV) light and visible light irradiation due to it having Bi,O,.
The removal efficiency of MO solution was 94.9% under UV light irradiation. Moreover, the Bi-AC
displayed excellent reusability. The results indicate that Bi-AC could be used as adsorbent-photo-
catalyst to remove the dyes from wastewater, which will realize the comprehensive utilization of

waste resources.

Keywords: Microwave-ultrasound; Spent activated carbon; Bi-Bi,O,;
degradation

Adsorption; Photocatalytic

1. Introduction growing continuously for 9 y, which accounts about 70% of

With the rapid development of textile, plastic, leather,
food and dyeing, a large quantity of dye wastewater has
also been produced [1,2]. China’s dye production has been
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the total output of the world. China is the world’s largest
dye exporter which exports about 28% of total production
[3,4]. The release of dyes into water resources can interfere
with aquatic organisms and food webs, which also cause
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allergic dermatitis and skin irritation to the human body,
some of which have been reported as carcinogens [5,6].
Owing to the urgent need for a clean and comfortable envi-
ronment, it is imperative to treat dyes in wastewater with
efficient and economical technology.

The removal approaches of dye wastewater mainly
include physical methods, chemical methods and biological
methods [7-10]. These methods have some defects such as
high energy consumption, high processing conditions and
secondary pollution although they have achieved certain
effects. Adsorption is a simple, economical and environmen-
tally friendly method to remove removing dye from waste-
water [11,12]. Activated carbon (AC) is widely used in dye
treatment due to its good pore structure, large specific sur-
face area and excellent chemical stability. In the production
of paracetamol, the production of large amounts of waste-
water and dirt needs to be removed by activated carbon
[13,14]. In addition, a large amount of spent activated carbon
(S-AC) causes secondary pollution and wasting resources.
Further treatment is essential to achieve comprehensive
utilization of resources.

Photocatalysis technology as a new type of dye
wastewater treatment technology which has the advan-
tages of simple process and low cost since Fujishima and
Honda [15] discovered the photocatalytic decomposition
of water on TiO, electrode in the 1970s. It is considered to
be a promising environmental protection technology that
could decompose most organic matter effectively. Metal
oxides have been widely used as photocatalysts for degrad-
ing wastewater. Bismuth oxide (Bi,O,) has been paid more
attention among many photocatalysts which can absorb
visible light and has the advantages of strong photo-car-
rier separation ability, high activity, non-toxicity, low cost.
The bandgap of Bi,O, is 2.8 eV which is narrower than TiO,
and the photocatalytic performance of Bi,O, is obviously
stronger than the general photocatalyst under visible light
[16-18]. Bi,O, can be loaded on porous materials with uni-
form pore size such as activated carbon in order to improve
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the visible-light photocatalytic reactivity and efficiency of
Bi, O, for the decomposition of organic pollutants [19,23].

S-AC which treated paracetamol wastewater was used
as raw material in this experiment. S-AC was pretreated by
ultrasonic wave, mixed with bismuth nitrate. After that, the
material was roasted by microwave to get Bi-Bi,O, loaded
activated carbon (Bi-AC). The Bi-AC was characterized by
scanning electron microscopy (SEM), energy-dispersive
X-ray spectroscopy (EDS), X-ray diffraction (XRD), X-ray
photoelectron spectroscopy (XPS), etc. to characterize the
structure and properties. Methylene orange (MO) and CR
were used as originic model to check the photocatalytic deg-
radation of Bi,O, under ultraviolet and visible light. Bi-AC is
a new material based on adsorption-photocatalytic degra-
dation of dye wastewater. The aim of the experiment is to
explore a kind of technology to treat dye wastewater for the
sustainable development of the environment.

2. Materials and methods
2.1. Chemicals

S-AC was used as raw material which collected from
a paracetamol company in Liaoning Province of China.
All chemicals used in this work such as Bi(NO,),-5H,O,
methylene blue (MB), MO, HCI, NaOH, ethanol were ana-
lytically pure (Tianjin Zhiyuan Chemical Reagent Co.,
Ltd., China).

2.2. Preparation of Bi-AC

As shown in Fig. 1, (1) Ultrasonic treatment: a cer-
tain amount of S-AC with distilled water was put into
the beaker, then treated by ultrasonic wave equipment
(Shengyuan SY 1200-T, China) for 3 h at the power of
1,200 W. The sample obtained after washing was called
F-AC; (2) Dipped treatment: the washed AC was dried in
an electric oven (Yiheng DHG-9003, China) at 80°C for 12 h.
100 g of F-AC was impregnated with 500 mL of 0.15 mol L
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Fig. 1. Schematic diagram of the activated carbon preparation process.
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Bi(NO,), solutions stirring for 12 h at 100 rpm then filtered
and dried at 80°C for 12 h to obtain the impregnated AC;
(8) Microwave roasted: took 15 g F-AC or impregnated AC
into microwave oven (Maikewei HM-X08-16, China) at the
power of 1,000 W was heated at different temperatures
and time. The samples can be removed from the micro-
wave oven until it cools to room temperature. The sample
is stored in a sealed bag for further characterization and
experimental studies.

2.3. Characterization of adsorbents

The adsorption capacity of Bi-AC was tested with MB
using the standard testing methods of the People’s Republic
of China (GB/T12496.10-1999) [24]. The sample was char-
acterized by X-ray diffraction (XRD, X'Pert Pro) which can
analyze the crystal structure and the phase of the material
accurately. In order to obtain the surface morphology using
the SEM and EDS were used to detect the material. It was
operated in a Philips XL30 ESEM-TMP SEM with an acceler-
ation voltage of 15 kV. The Brunauer-Emmett-Teller (BET)
test sample was used N, adsorption. The specific surface
area, pore size distribution, total pore volume and nitrogen
adsorption—desorption curve was calculated according to the
N, adsorption data to obtain the pore structure of the acti-
vated carbon. XPS was carried out by a Ka + electron spec-
trometer (Thermo Fisher Scientific, USA) equipped with Al
Ko X-ray source at 12 kV and 6 mA. The zeta potential was
measured by the interpolation method using an omnidi-
rectional multi-angle particle size and high sensitivity zeta
potential analyzer.

Table 1
Models of adsorption isotherms

2.4. Effects of MO adsorption
2.4.1. Adsorption isotherms

To obtain the adsorption isotherms of MO solu-
tions onto regenerated-activated carbon (R-AC) and
Bi-AC. The calculated constants of isotherm equations
were applied to obtaining the properties of adsorbents.
The adsorption experiments were conducted in the initial
concentration of 300 mg L? with different temperatures
of 30°C-50°C. Three isotherm models were employed to
evaluate the adsorption equilibrium characteristics of
MO on R-AC and Bi-AC [25]. The basis of the equilibrium
Freundlich isotherm is that the absorption occurs at a het-
erogeneous surface that energy is not distributed uni-
formly. This heterogeneity leads to the creation of various
functional groups on the adsorbent and, consequently, pro-
motes the formation of various mechanisms at the interac-
tion between absorbent and adsorbent. Models were listed
in Table 1 [26,27].

2.4.2. Adsorption kinetics

The kinetic model can provide effective information
about the adsorption reaction pathway. The adsorption
kinetics was studied by pseudo-first-order, pseudo-sec-
ond-order and intraparticle diffusion. The three adsorption
kinetic models are listed in Table 2 [28,29].

The amount of adsorbed MO onto R-AC and Bi-AC
over time (g, mg L™) and the adsorption capacity of R-AC
and Bi-AC at equilibrium (g, mg L™) can be calculated from
Egs. (1) and (2):

Isotherm Equation Parameters
Langmuir 1_ K 1 . . 1 K, (L mg‘_ll) —the adso?ption equili'brium constant
9. ( 9y L,) Q, Q, (mg g™') — the maximum capacity
K. -ad ti tant
Freundlich Ing, =InK +llnC . ¢ ACSOTPTION constan
¢ o n — adsorption constant
Temkin q,=A+BInC, A and B - constant
Table 2
Models of adsorption kinetic
Kinetic models Equation Parameters
. ky . .
Pseudo-first-order ln(qk, - %) = ln(qk, ) ~ 3302 k, (min™) — the adsorption rate constant
t 1 t
Pseudo-second-order ; % 7 + LT k, (g mg™ min™) — the equilibrium rate constant
t 27e e

Intraparticle diffusion q, = kg (fm ) +C

kdif (
C - constant

mg g™ min'?) — the intraparticle diffusion rate constant
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where C; (mg L7) is the initial concentration of MO,
C, (mg L™)and C, (mg L) are the MO concentration of equi-
librium and at time ¢ (min), respectively; V (L) is the volume
of the liquid-phase and M (g) is the mass of the adsorbent.

2.5. Photocatalytic reaction

The photocatalytic activity of Bi-AC in a photo-
catalytic reactor was tested under ultraviolet and visi-
ble light conditions. The UV light was generated with a
mercury lamp (PLS-LAM 250), visible light was gener-
ated with a xenon lamp (PLS-LAX 250) used MO solu-
tion was selected for experiments. The specific steps are
as follows: 50 mg of Bi-AC is weighed into MO solution
(200 mL) at the concentration of 200 mg L™ and the reac-
tion solution is stirred under dark conditions for 80 min
to eliminate the influence of adsorption. The solution
was extracted every 20 min and centrifuged. The absor-
bance of the center is measured by an ultraviolet-visible
spectrophotometer (UV-Vis). The UV-Vis spectra were
recorded in the range of 200-800 nm at room temperature
by Shimadzu UV-2600. Eq. (3) is calculated according to the
degradation rate:

:%xlOO 3)

0

D(%)

where D (%) is the degradation rate of the dye, C, (mg L™)
is the concentration of the dye solution at time f (min),
C, (mg L™) is the initial concentration of the dye.

The photocatalytic performance was examined five
times in order to further study the recyclability of the Bi-AC.
Bi-AC reached an adsorption saturation state, photocata-
lytic experiments were carried out many times to explore
the removal rate of dye wastewater in each recyclable
experiment.

3. Results and discussion
3.1. Preparation of adsorbents
3.1.1. Effect of roasted temperature

Experiments were carried out on R-AC and Bi-AC for
different heating temperatures for 30 min. The effect of
temperature from 500°C to 1,000°C on MB adsorption is
shown in Fig. 2.

As shown in Fig. 2, the maximum MB adsorption value
of Bi-AC is 195 mg L™ at 900°C. The MB adsorption value
increases gradually from 500°C to 900°C and then tends to
decrease. There are two main reasons for this phenomenon.
First, when the temperature is low, the organic matter and
residues in some pores of the activated carbon are desorbed
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by microwave heating. Secondly, the higher temperature
can lead to the pore walls destructive. The Bi,O, would
melt agglomerated during the heating process. The agglom-
erated particulate matter will block the pores of the AC,
reducing the adsorption performance of the AC, leading to
a downward trend in the yield. The agglomerated particles
will block the pore of the activated carbon and reduce the
adsorption performance of the activated carbon. This showed
that the heating temperature had a great influence on its
adsorption capacity [1,5].

3.1.2. Effect of heating time

The effect of heating time on the removal of the MB is
shown in Fig. 3. The MB adsorption of R-AC and Bi-AC
increased progressively with heating time increasing,
which indicates that a large amount of organic matter in
the material’s pore degraded in a short-time heating process
and the generated gas is favorable for dredging the pores.
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Fig. 2. Effect of roasted temperature of Bi-AC and R-AC on MB
adsorption.
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Fig. 3. Effect of heating time of Bi-AC and R-AC on MB adsorp-
tion.
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However, the pore walls of the material gradually collapse
and the pores were blocked. Therefore, the adsorption
amount of MB decreases when the time exceeds 20 min.

The product roasted at 900°C using the heats time
of 20 min can be gained a great MB adsorption value
(210 mg L) in summary.

3.2. Characterization of the adsorbents
3.2.1. BET analysis

The N, adsorption—-desorption isotherms of S-AC,
R-AC and Bi-AC are presented in Fig. 4. As shown in
Fig. 4, according to the standard adsorption classification
of IUPAC, activated carbon has capillary condensation and
an obvious hysteresis loop, which indicate that the mate-
rials have mesopores, the curves belong to the combined
types of II and IV, and the hysteresis loops had the charac-
terization of H4. The isotherm of the two-way alternating
current has a higher adsorption amount, indicating that the
microporous structure increases after loading, and it has a
better adsorption capacity at lower relative pressure [30,31].

The pore structure parameters are summarized in
Table 3. The specific surface area of Bi-AC relative to S-AC
and F-AC increased by 535.73 and 171.36 m? g™, and the aver-
age pore size decreased indicates an increase in the number
of micropores. The increase in micropores of the Bi-AC can
increase the amount of dye adsorbed.

3.2.2. XRD analysis

The crystal structure and the phase analysis of Bi-AC
are observed by XRD accurately. The XRD patterns of the

o
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Fig. 4. Isotherm linear plots.

Table 3
Pore structure parameters of S-AC, R-AC and Bi-AC

Material S-AC R-AC Bi-AC
Sy (M g™) 504.63 869.00 1,040.36
Average pore size (nm) 291 1.40 2.54
Total pore volume (cm® g™) 0.99 0.68 0.98

as-prepared samples is shown in Fig. 5. It can be found from
Fig. 5 that the Bi-AC consists of C, Bi and Bi,O,. Bi-AC indi-
cates a substantial degree of crystallinity owing to its strong
and sharp diffraction peaks [32]. The sharp diffraction peak
of Bi-AC near 20 = 28.1° corresponds to the (2 0 1) plane
showed the preferred orientation of the particles indicat-
ing the presence of tetragonal (3-Bi,O, in accordance with
the standard card of Bi,O,. The appearance of Bi is due to
the reduction of Bi,0, produced by C [33]. The activated
carbon was immersed in a certain concentration of the bis-
muth nitrate solution and roasted under a microwave field.
The bismuth nitrate precursor enters the pore or surface
of the activated carbon to form Bi,0O, or Bi and does not
destroy the pore structures. The oxide of bismuth was suc-
cessfully loaded onto the surface of the activated carbon
according to the XRD analysis [25,26].

3.2.3. SEM micrographs and EDS analysis

SEM and EDS of S-AC, R-AC and Bi-AC are shown
in Fig. 6. The surface was rough and had impurities in
Fig. 6a. Ultrasonic pretreatment and microwave regen-
eration, impurities removal the surface of R-AC in
Fig. 6b. Furthermore, the Bi-AC consists of C, O and Bi used
dipped-rotating as shown in Fig. 6c. The worm-like Bi,O,
was supported on the surface of Bi-AC. The result was con-
sistent with XRD.

3.2.4. XPS analysis

XPS is used to characterize the composition content and
surface chemical state of compounds in composite mate-
rials [34]. The XPS spectra of Bi-AC are shown in Fig. 7.
It can be found that the Bi-AC mainly had three elements
of C, O and Bi from Fig. 7a. As shown in Fig. 7b, under
the separation of Bi*, it could be observed that the peak
at 159.4 eV was assigned to Bi 4f,, indicating that Bi was
present in a positive trivalent oxidation state; the peak
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Fig. 5. XRD patterns of Bi-AC.



H. Yan et al. / Desalination and Water Treatment 230 (2021) 372-383 377

Fig. 6. SEM and EDS images of (a) S-AC, (b) R-AC and (c) Bi-AC.

at 164.7 eV was assigned to Bi 4f,,. Compared with the
binding energy of bismuth (158.7 and 163.9 eV), the bind-
ing energy of Bi in activated carbon was higher because
some of the lattice oxygen in the activated carbon was
replaced by carbon atoms [35,36]. C was lower than the
electronegativity of O reduced the electron density on
Bi [37]. Fig. 7c shows the XPS of O 1s of Bi-AC. The O 1s
spectrum can be decomposed into oxygen (Bi-O) in the
lattice at 533.9 eV and surface adsorbed oxygen (OH- or
COZ group) at 531.9 eV. Fig. 7d shows the XPS of C 1s of
Bi-AC. It could be seen from the figure that the peak of
C 1s could be divided into Gaussian peaks centered at

Weight percentage

e T

! | C

o

83.6% |

16.4%

Weight percentage

— "ﬂ—‘\ I:lC

100%

Weight percentage

o [ Bi
— e T

284.5 and 286 eV and the binding energy of 284.5 eV was
mainly related to activated carbon. The O-C=0O functional
group was related to the peak at 286 eV due to the presence
of carbon in the activated carbon. It could also be found
that bismuth nitrate was decomposed by heating to form
Bi,O, which was consistent with the XRD results from the
XPS results.

3.2.5. Raman analysis

Fig. 8 shows the Raman spectrum of Bi-AC and R-AC.
As Fig. 8 shows, the R-AC and Bi-AC have two significant
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Fig. 7. XPS spectra of Bi-AC (a) survey spectrum, (b) Bi scan, (c) C scan, and (d) O scan.
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Fig. 8. Raman spectrograph of Bi-AC and R-AC.

peaks at the wavenumbers of 1,340 and 1,595 cm™ which
are the D peak and the G peak. The appearance of the D
peak is caused by the defect of the sp® carbon atom in the
activated carbon crystal lattice and the G peak was caused
by the in-plane stretching vibration of the sp* hybridized

carbon atom in the two-dimensional hexagonal lattice.
There was a significant shift between the D peak and the
G peak for the Bi-AC. The D peak and the G peak appear
at 1,350 and 1,605 cm™ [38]. The peak of the D was rela-
tively more extensive than the G peak due to some oxygen-
containing functional groups have been introduced when
the calcination process.

3.2.6. Zeta potential analysis

Fig. 9 shows the zeta potential of R-AC and Bi-AC.
Zeta potential is the significant electrokinetic property that
can quantify the potential of adsorbent surface. The zeta
potential of the Bi-AC was 5.3 and the R-AC was 4.8, which
indicates that the activated primary functional group of
activated carbon increases after modification caused the
acidic functional group was reduced, as shown in Fig. 9.
A strong electrostatic attraction between the positive charge
on the surface of AC and the anionic could promote the
adsorption of the dye under acidic conditions. However, elec-
trostatic repulsion occurs between the two which was not
conducive to the adsorption of anionic under alkaline con-
ditions as the amount of negative charge on the surface of
AC increases.
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3.3. Adsorption behavior of Bi-AC and R-AC
3.3.1. Adsorption isotherms studies

The adsorption isotherms indicates the distribution
of the molecules of adsorbate between the liquid phase
and solid phase when the adsorption process reached
equilibrium. The adsorption isotherms were studied by
Langmuir isotherm, Freundlich isotherm and Temkin iso-
therm. The calculated constants of isotherm equations
were applied to obtaining the properties of adsorbents.
The adsorption experiments were conducted in the initial
concentration of 300 mg L™ with different temperatures of
30°C-50°C. The calculated parameters of MO on to Bi-AC
and R-AC for three isotherm equations are listed in Table 4.
According to the obtained constants, it can be found that
the R? for Langmuir isotherm was satisfactory. It revealed
that the adsorption process had the characteristic of mono-
layer adsorption and the process was uniform. The max-
imum adsorption capacity of Bi-AC for MO can reach
352.5 mg g. The Langmuir isotherm for the adsorption of
MO onto Bi-AC and R-AC are shown in Fig. 10.

The Langmuir isotherm model is based on the molecules,
or ions, bond to certain points at the surface of the adsor-
bent material, and monolayer absorption occurs. Besides,
no interaction occurs between absorbed molecules [26,30].
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Fig. 9. Zeta potential of Bi-AC and R-AC.
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3.3.2. Adsorption kinetics

The kinetic constants were essential to analyze the
adsorption process and the adsorption rate can be obtained
to provide the mechanism analysis of adsorbent onto
the dye solution. The obtained kinetic parameters for the
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Fig. 10. Langmuir isotherm for the adsorption of MO dye onto
Bi-AC and R-AC.

Table 4
Adsorption isotherm parameters calculated for the adsorption of MO onto Bi-AC and R-AC
Isotherm Parameters Bi-AC R-AC
30°C 40°C 50°C 30°C 40°C 50°C
Langmuir Q, (mg g™ 318.6 336.4 352.5 297 329 340
K, (Lmg™) 0.39 0.84 1.22 0.03 0.08 0.16
R? 0.994 0.999 0.973 0.987 0.982 0.931
Freundlich 1/n 0.14 0.17 0.23 0.24 0.27 0.25
K, 6.66 23.85 48.13 3.61 4.52 4.89
R? 0.992 0.964 0.972 0.950 0.919 0.849
Temkin A (Lmg™) 266.46 95.684 11.262 199.1 228.2 262.8
B 122.42 88.73 79.73 25.8 18.5 40.1
R? 0.92 0.92 0.977 0.958 0.908 0.878
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adsorption of MO onto Bi-AC and R-AC are given in Table 5.
It is seen, that the values of R? for pseudo-second-order were
highest of Bi-AC and R-AC reached 0.9999 and 0.9995.
It showed that the pseudo-second-order model was more
applicable and reliable which can predict the experimental
data [39].

For the pseudo-second-order model, the calculated
adsorption capacity is slightly different from the experi-
mental data, and the linear regression relationship is also
high which indicates that the adsorption of MO by Bi-AC
can be described by pseudo-second-order description and
the whole adsorption process is controlled by chemical
adsorption.

The pseudo-second-order model for the adsorption
process of MO onto Bi-AC and R-AC is shown in Fig. 11.
It can be found that the curve of t/g, vs. t is a straight line.

3.4. Photocatalytic activity
3.4.1. Photocatalytic performance of Bi-AC

The photocatalytic activities of the Bi-AC were evalu-
ated by monitoring the degradation of MO in an aqueous
solution under visible/ultraviolet irradiation, respectively.

Table 5
Kinetic parameters obtained for the adsorption of MO onto Bi-
ACand R-AC

Kinetic models Parameters Bi-AC R-AC
Pseudo-first-order k, 0.03 0.025
q, 30.67 41.23
R? 0.9105 0.8821
Pseudo-second-order k, 0.00017 0.001
q. 363.14  427.29
R? 0.9999 0.9995
Intraparticle diffusion k. 18.74 4.805
C 167.8 404.107
R? 0.9613 0.9786
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The best photocatalytic degradation efficiencies of Bi-AC
under ultraviolet light were achieved about 94.9% for MO
dye molecule; the best photocatalytic degradation efficien-
cies of Bi-AC under visible light were achieved about 72.5%
for MO dye molecule after irradiation for 200 min as shown
in Fig. 12. MO removal rate increased by 22.4% compared
with visible light. Bi-AC provides a channel for the diffu-
sion and transport of dye molecules and hydroxyl radi-
cals due to its high specific surface area and pore volume.
The dye molecules were adsorbed to the surface by activated
carbon and transferred to Bi,O, where photocatalysis occurs
which could increases the dye removal rate.

Fig. 13 is the actual effect diagram of the above experi-
ment. Adsorbed under dark conditions for the first 80 min,
and irradiated by ultraviolet light for the next 80 min.

3.4.2. Photocatalysis mechanism

Taking the degradation of MO solution as an exam-
ple, the steps are as follows: the MO dye was adsorbed
on the surface of the Bi-AC at first; the MO dye molecule

100 - | 94.9
Darkness ! Irradiation e —
90 | ; e
I o
80 | i - A 72.5
: //l" A
_ T} : - P
= 60 - !
g ; / e
5 L 7 »
2 S0F L v
= ] p i
= - iy o —=— MO-visible
g B P —e— MO-UV
g e i
B |
20 F w |
[ S
// i
[ ] |
Il 1 1 1 L] 1 1 1 1 1 1

0 20 40 60 80 100 120 140 160 180 200
Time (min)

Fig. 12. The removal rate of MO under visible/ultraviolet light.

Fig. 13. Real degradation effect.
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Fig. 14. Photocatalysis mechanism diagram.

Table 6
Removal effect of Bi-AC repeated use (dose = 50 mg; vol-
ume = 200 mL; contact time = 120 min)

Number of uses 1 2 3 4 5

Removal rate 91.65% 89.78% 88.11% 86.75% 86.15%

was degraded under light irradiation in the second step.
The photons in Bi,O, were excited and the electrons
were excited to pass through the forbidden band (Eg) to
the conduction band (CB) to form photogenerated elec-
trons (e”) so formed the corresponded valence band (VB)
in the light condition as shown in Fig. 14. Then the pho-
togenerated electron (e”) and the hole pair (h*) migrate to
the Bi-AC surface. O, adsorbed on the surface of Bi-AC was
trapped by highly reducing photogenerated electrons (e")
producing superoxide ion radicals (O;). H,O and hole
pairs (h*) produces hydroxyl radicals (OH*). O; and OH*
had strong oxidizing properties which could degrade
MO in wastewater into H,0, CO, and small inorganic
molecules [40-42].

3.4.3. Reuse of Bi-AC
Table 6 reveals that the removal rate of Bi-AC to
degrade the MO solution by under ultraviolet light

Table 7
Comparison for the removal of dyes by different catalyst

irradiation for five cycles. In this experiment, weighed
50 mg of Bi-AC for a concentration of 200 mg L™ and a
volume of 200 mL of MO in the dark for 80 min to remove
the effect of adsorption. From Table 6 it can be seen that
the removal rate of primary use was higher due to the
higher activity. After the first recovery, the removal rate
decreased significantly. The reason for partial deactivation
may be due to the dye molecules in the reaction covering
the surface of the activated carbon resulting in a decrease
in Bi-AC activity. It was also can be found that the per-
formance of Bi-AC in the second recovery was not signifi-
cantly different from that the first recovery which indi-
cates that the activity of Bi-AC becomes more stable after
some active sites were passivated in the photoreaction.
The experiment proves that the removal rate could still
be maintained above 86% after five cycles of use. So the
Bi-AC could be recycled multiple times in order to reduce
operating costs.

3.5. Comparison with other materials

To compare the photocatalytic performance of Bi-AC
with other materials, the results are given in Table 7.
As can be seen, the photocatalytic performance of Bi-AC
were higher than other specified adsorbents. In this sense,
it can be concluded that the Bi-AC can be considered a
promising adsorbent for the removal of organic dye.

Catalyst Dye Dose (mg) Initial concentration (mg L™) Removal efficiency
Ag-TiO,-AC [43] MO 10 20 97.4%

TiO,/Cs-MT [44] MO 10 20 95.8%
ZnO/Au@Cu,O [45] MO 10 20 93%

Mesoporous ZSM-5 [46] MO 120 100 94.3%

Bi-AC MO 50 200 94.9%
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4. Conclusion

The Bi-AC was prepared by used the S-AC and Bi
(NO,),6H,0 as raw material under dipped-microwave
roasted. In this study, the Bi-AC roasted at 900°C using
the heats time of 20 min can be gained the optimal exper-
imental condition, the maximum MB adsorption value
of Bi-AC is 210 mg L™ The adsorption performance of
Bi-AC was better than R-AC in this condition. The adsorp-
tion isotherm studies indicated that adsorption followed
Langmuir isotherm, the maximum adsorption capacity of
Bi-AC for MO can reach 352.5 mg g™. The kinetic results
revealed that the adsorption process of Bi-AC and R-AC fol-
lowed pseudo-second-order. The prepared Bi-AC exhibited
excellent photocatalytic performance toward MO solution,
with a removal efficiency of 94.9% under UV light irradia-
tion. Moreover, the Bi-AC displayed excellent reusability.
The experiment proves that the removal rate could still be
maintained above 86% after five cycles of use. The results
shown that the prepared Bi-AC is a new type of material
combined with adsorption-photocatalysis which can effec-
tively degrade dye wastewater.
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