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Preparation and photocatalytic activity of BiOCl catalyst
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Abstract: The BiOCI powders prepared by the hydrolysis method were investigated with the X-ray diffractometry (XRD), scanning
electron microscopy (SEM) and differential thermal analysis (TG—DTA). The results show that the powders are of the tetragonal
primitive crystal structure, composed of homogeneous particles of fine ferrite plates, and stable in the temperature range of 40—600
°C. In addition, the photocatalytic activity of BiOCl powders was evaluated by methyl orange (MO) in aqueous solution illuminated
by xenon-lamp, and the effect of the BiOCl amount on the photocatalytic activity was investigated. Moreover, the photocatalytic
properties of BiOCl and TiO,-P25 were also compared. The results show that the favorite amount of BiOCI powders is 1.0 g/L for
the MO degradation, and the photocatalytic activity of the BiOCI catalyst is comparable to the TiO,-P25 catalyst under the same

experiment condition.
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1 Introduction

Heterogeneous photocatalysis of photocatalyst as an
ideal “green” technology, has been attracting increasing
interest because of many applications related with H,
production from water splitting [1], depuration of
wastewater or air [2], and decomposition of organic
compounds [3—4], especially TiO, semiconductor
photocatalysts. However, the recombination rate of
photogenerated electron and hole is high, which limits
the practical application of TiO, photocatalysts.
Therefore, noble metal deposition [5—6], ion doping [7—9]
and compound semiconductor oxide [10—11] were
applied to improving the photocatalytic efficiency of
TiO, photocatalyst, but the efficiency of improvement is
very limited. In order to achieve high photocatalytic
activity, it is indispensable to have some thoughts on
new photocatalyst research and development.

Recently, BiOCIl, an important chemical product,
has drawn considerable attention due to its remarkable
photocatalytic activities for degradation of organic
compounds [12—13]. And prior to this, BiOCl was
mainly used for pearly pigment [14—15], cosmetic of no

toxicity [16], catalysts [17], etc. ZHANG et al [18]
revealed that that BiOCI exhibited better performance on
photocatalytic degradation of MO than TiO,-P25 after
three cycles. Our group also revealed that BiOCI
prepared by a hydrolysis method exhibited higher
photocatalytic activity to MO degradation whether under
UV irradiation or under xenon-lamp irradiation in 30 min.
This phenomenon bandgap of BiOCl (E,=3.3 eV) is
wider than that of TiO, (E,=3.2 eV) perhaps because
BiOCl has stronger oxidative ability due to VB potential
of BiOCI more positive than that of TiO,.

In the present work, BiOCIl photocatalyst was
synthesized by a simple hydrolysis method by employing
BiCl; and hydrochloric acid as raw materials, which
required only drying at low temperature instead of
roasting, therefore, the process was conveniently
operated with lower cost and shorter time than traditional
methods. To understand the photocatalytic properties of
BiOCl photocatalyst, its photocatalytic activity was
evaluated by the degradation of MO solution under
xenon-lamp irradiation, and relevant characterization
was carried out by employing XRD, SEM, EDS and
TG-DTA. In addition, a comparison of BiOCl and
Ti0O,-P25 was presented in the treatment of organic
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compounds in water.
2 Experimental

2.1 Preparation of BiOCl photocatalyst

The BiOCI photocatalyst was prepared by a simple
hydrolysis method. Firstly, in order to obtain a
BiCl;—HCI aqueous system, the BiCl; powders were
completely dissolved in hydrochloric acid solution. Then
Na,CO; solution was gradually dropped into the stirring
BiCl;—HCI aqueous solution, at the same time, a proper
amount of hydrolytic agent was added and the pH of the
aqueous solution was adjusted to 6—10. After stirring at
room temperature for 30 min, the resulted precipitate was
filtrated and washed with deionized water several times.
Finally, the white BiOCl powders were obtained by
drying the precipitate at 80 °C for 5 h. The reactions are
Esq. (1) and (2).

Bi**+CI'+2H,0 — Bi(OH),Cl + 2H" (1)
Bi(OH),Cl — BiOClI | + H,0 )

2.2 Analytical method

The crystal structure of BiOCl was characterized by
X-ray diffractometry (XRD) on a Shimadu X-ray
diffractometer at 40 kV and 30 mA with Cu K, radiation;
the TG—DTA analysis was carried out on a HCT thermal
analyzer(Beijing, China) when the sample was heated
from 40 to 900 °C with a raising ramp rate of 10 °C/min;
the scanning electron microscopy (SEM) and energy-
dispersive spectroscopic (EDS) measurements were
performed on a JSM—-6700F field-emission scanning
electron microscope; the UV-vis absorption spectra and
the concentration of the MO solution were measured by a
Varian Cary 50 UV-vis spectrophotometer.

2.3 Photocatalysis

The photocatalytic activity of the BiOCI catalyst
was evaluated by the degradation of 10 mg/L MO
solution in a cylindrical quartz glass reactor with an
effective vessel volume of 50 mL. A 500 W-xenon lamp
with a refrigerating water circuit acted as a slide light
source. During the reaction, the MO solution was
irradiated by xenon lamp and was aerated by air through
a mini-type pump to keep BiOCI in fluidized state. At
given time intervals, the samples of MO solution were
analyzed periodically by a Varian Cary 50 UV-vis
spectrophotometer.

3 Results and discussion

3.1 XRD and TG—DTA analyses of BiOCl
In order to investigate the phase structure of
as-prepared BiOCl powders, the XRD pattern is shown

in Fig. 1. It clearly reveals that the tetragonal primitive
crystal structure is coincide according to the standard
JCPDS file of BiOCI(No.06—0249, a=3.891 A, ¢=7.369
A). So the synthesized powders are crystallized in BiOCl
with a high purity.

(101)

20

Fig. 1 XRD pattern of BiOCl powders

Figure 2 shows the DTA and TG curves of the
BiOCl photocatalyst. The TG curve shows that no
significant mass loss was recorded from 40 to 600 °C.
The mass of BiOCI sharply decreased from 600 °C with
an exothermic peak on the DTA curve, indicating the
decomposition of BiOCI. It demonstrates that the BiOCI
sample is steady below 600 °C. The DTA curve
illustrates one big endothermic peak appearing below
150 °C, indicating that water molecules and hydrochloric
acid were evaporated. And remarkable exothermic
phenomenon is observed at 600—900°C, which may be
caused by substance change.
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Fig. 2 TG-DTA curves of BiOCl powders

3.2 SEM and EDS analyses of BiOCl

Figure 3 shows the morphology and composition of
the BiOCI powders characterized by SEM and EDS. It is
clearly observed that the products are composed of
homogeneous particles from low-magnification SEM
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Fig. 3 SEM images (a, b, ¢) of BiOCl and EDS spectrum (d )

images in Figs. 3(a) and (b). High-magnification SEM
micrograph (Fig. 3(c)) further suggests that particles
consist of fine ferrite plates with a thickness of about 100
nm, and are beneficial for the adsorption of the MO
molecule.

The composition of the BiOCl powders were also
studied using EDS, and the molar ratios of Bi, Cl and O
atoms from SEM are shown in Fig. 3(d). The analytical
results from EDS are in reasonable agreement with the
nominal mole ratio of Bi, Cl and O atoms (1:1:1).

3.3 Photocatalytic activity of BiOCl

In order to estimate the photocatalytic activity of
BiOCI powders, UV-vis absorbance characteristics of
methyl orange (MO) were investigated from 200 to 800
nm during the photocatalytic degradation process and the
results are shown in Fig. 4. It can be seen a maximum
absorbance peak at 464 nm. Under a simulant sunlight
irradiation, the strong absorption peak of MO solution at
464 nm steadily decreased with increasing the light
irradiation time, and the orange color of the solution
turned gradually to colorless, suggesting that MO
solution has been decomposed efficiently. The catalytic
result confirms the photocatalytic activity of BiOCI
powders.

To select an appropriate amount of catalyst
affecting the photocatalytic degradation of MO, a series
of tests were executed with different catalyst dosages of
04, 0.6, 08, 1.0 and 1.2 g/L, respectively. The
experimental results are shown in Fig. 5. When the
amount of BiOCI catalyst was less than 1.0 g/L, the
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Fig. 4 UV-vis absorption spectra of MO solution after being
treated with BiOCl at different time intervals
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Fig. 5 MO degradation using different dosages of BiOCl
sample
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degradation rate of MO increased with the increase of
dosage of BiOCl, and the degradation efficiency of 1.0
g/L is the best for MO degradation. However, for the
catalyst dosage of 1.2 g/L, the degradation efficiency
rather decreased because smaller BiOCl particles can be
sufficiently illuminated to produce photogenerated holes
and electrons on the semi-conductor surface, while the
amount of immobilized BiOCI is higher, part BiOCl
powders aggregated together cannot absorb light
effectively. So, 1.0 g/L is the optimum catalyst dosage
for the MO photocatalytic reaction.

In order to distinguish the photolysis, adsorption
and photocatalysis to MO degradation, we designed three
experimental processes and the results are shown in
Fig. 6. It can be seen that MO can be hardly degraded
under the simulant sunlight irradiation without catalysts,
indicating that MO is a stable substance and the
photolysis can be ignored. The adsorption of BiOCI
under dark condition is only nearly 10% after 2.5 h.
While the photocatalytic degradation rate to MO under
the simulant sunlight irradiation in the presence of BiOCl
catalyst can reach 98.5%. Therefore, photocatalytic
process is more efficient than adsorption and
photocatalysis. At the same time, it also demonstrates
that the BiOCI catalyst exhibits almost the similar

photocatalytic activity as TiO,-P25 wunder same
experiment condition.
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Fig. 6 Comparison of degradation rate of different degradation
processes to MO solution

In order to make further comparison, MO was
selected as pollutant for photocatalytic activity
examination. And we measured photocatalytic activities
of BiOCl and TiO,-P25 under UV irradiation (main
wavelength of 365 nm) and the simulant sunlight
irradiation (xenon lamp), the results are shown in Fig. 7.
The BiOCI photocatalyst can acquire a higher activity
than TiO,-P25 whether under UV irradiation or xenon
lamp irradiation in 30 min, but the difference is very

little. In general, it can be concluded that the catalytic
activity of the BiOCI catalyst is comparable with the
Ti0O,-P25 catalyst to MO degradation.
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Fig. 7 Comparison of photocatalytic activities of BiOCI and
TiO,-P25

4 Conclusions

1) A novel BiOCl photocatalyst was successfully
prepared by a hydrolysis method with a high catalytic
activity under simulated sunlight irradiation.

2) The as-prepared BiOCl sample has a tetragonal
crystal structure and fine ferrite plates with thickness of
about 100 nm.

3) The amount of BiOCI photocatalyst plays an
important role in determining the photocatalytic activity,
and the optimum dosage is 1.0 g/L.

4) The comparison experiments of photoactivity
between BiOCI and TiO,-P25 show that the degradation
rate of BiOCI is faster than that of TiO,-P25 whether
under UV irradiation or xenon lamp irradiation in 30 min,
but the difference is not very large, and the degradation
rate of MO in aqueous solution all can achieve 98.5%
after degradation for 150 min under xenon lamp
irradiation.
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B OE: WKPGESIS TR RO BIOCU AR, JERM X AT (XRD), A% 7 258t (SEM)
M- Z T (TG-DTAYK AT R AL . MREE SRR, BIOCHK A S WU 7 i RSG5 H a3 — (0 IR oRE 4L
BiOC1 B AAE 40~600 °C FAULEE T B Y G5 F PR FFASE « LA S R A FRIRRE h HARBE Y, ) BiOCT #y K
FOCHEAEPEREAT TS, 5 ST XD AT PRI SE W, 78 BIOCL 5 TiO,-P25 I HEALMEREHEAT LLER -
S 45 LKW BIOCH YA RIE B &4 1.0 g/L, ZEARIR S5 45 1F F BIOCT HEALR AL IS M 55 TiO,-P25
I
KEIA: BiOCL; JefiEfe; GUT; IR

(Edited by YANG Hua)



