Available online at www.sciencedirect.com

Journal of
Hazardous

Materials

ScienceDirect

Journal of Hazardous Materials 155 (2008) 312-319

www.elsevier.com/locate/jhazmat

Photocatalytic degradation of Orange G on nitrogen-doped TiO, catalysts
under visible light and sunlight irradiation

Jianhui Sun®*, Liping Qiao®P, Shengpeng Sun?, Guoliang Wang?

2 Henan Key Laboratory for Environmental Pollution Control, Henan Normal University, College of Chemistry and Environmental Science,
No. 46, Jianshe Road, Xinxiang, Henan Province 453007, PR China
b Department of Environmental Science and Engineering, Fudan University, No. 220, Handan Road, Shanghai 200433, PR China

Received 23 December 2006; received in revised form 16 November 2007; accepted 20 November 2007
Available online 23 November 2007

Abstract

In this paper, the degradation of an azo dye Orange G (OG) on nitrogen-doped TiO, photocatalysts has been investigated under visible light and
sunlight irradiation. Under visible light irradiation, the doped TiO, nanocatalysts demonstrated higher activity than the commercial Dugussa P25
TiO,, allowing more efficient utilization of solar light, while under sunlight, P25 showed higher photocatalytic activity. According to the X-ray
diffraction (XRD), X-ray photoelectron spectroscopy (XPS) and UV-vis spectra analyses, it was found that both the nanosized anatase structure
and the appearance of new absorption band in the visible region caused by nitrogen doping were responsible for the significant enhancement of OG
degradation under visible light. In addition, the photosensitized oxidation mechanism originated from OG itself was also considered contributing
to the higher visible-light-induced degradation efficiency. The effect of the initial pH of the solution and the dosage of hydrogen peroxide under
different light sources was also investigated. Under visible light and sunlight, the optimal solution pH was both 2.0, while the optimal dosage of

H,0, was 5.0 and 15.0 mmol/l, respectively.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Azo dyes, which are characterized by the presence of one
or more azo bonds (—N=N-), are among the most notorious
widespread environmental pollutants associated with textile,
cosmetic, food colorants, printing, and pharmaceutical indus-
tries. Because of their non-degradability, toxicity, potential
mutagenicity and carcinogenicity, wastewaters originating from
these dyes production or application industries pose a major
threat to the surrounding ecosystems and human beings’ health
[1-3]. Environmental concerns and the need of meeting the strin-
gent international standards for rejecting wastewaters has made
the development of novel and cost-effective processes for the
purification of azo dyes effluents an issue of major technological
importance.

Advanced oxidation processes (AOPs) have been proposed
and widely investigated for the degradation of recalcitrant
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materials in wastewaters since the 1990s. Among them, TiO;
mediated heterogeneous photocatalysis has been showed to be
potentially advantageous as it may proceed at ambient condi-
tions and lead to the complete mineralization of many organic
pollutants to harmless products of CO,, H,O and mineral acids
[4,5]. However, because of the relatively large band-gap, TiO» is
activated only by ultraviolet light with wavelengths shorter than
387 nm, which constitutes only about 3—5% of the solar spectra.
Practically, this factor strongly limits the use of solar spectra as
a light source. On the other hand, the conversion efficiency of
generating UV light from electricity in a photocatalytic system is
usually less than 20% [6], and the utilization efficiency of these
electricity-generated light photons to decompose the pollutants
is also no more than 5% [7,8]. In other words, less than 1%
electrical energy is virtually utilized in an UV-photocatalytic
system. Obviously, UV light source should be avoided from
energy saving point of view, and the most desired light source
lies ultimately on solar energy. From this viewpoint, develop-
ment of new approaches to sensitize TiO, catalysts efficiently
with the much larger visible light would be of great significance
for practical and widespread use.
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Nowadays, the methods for achieving the visible-light-driven
photocatalysis are widely investigated [5,9]. One effective
approach is based on modification of TiO, by various metal ions
[10,11] or non-metallic species such as nitrogen, carbon, sulfur,
boron, phosphor, fluorine, iodine [12—19], which can move the
spectra of TiO, into the main part of solar spectra (A >380nm).
Among these, the simplest and most feasible approach seems to
be nitrogen doping [12], that is, doping nitrogen atoms into sub-
stitutional sites in the crystal structure of TiO; (e.g., TiO2 — \N)
by calcination in ammonia atmosphere or by a wet chemical
route [20-25]. Another approach lies on photosensitization of
TiO; by a variety of colored organic compounds [9,26-28],
which can be excited to the singlet or triplet states by visible
light and then inject electrons into the conduction band of TiO».
On condition that colored pollutants such as azo dyes were being
degraded, this photosensitized oxidation process being initiated
by the-dye-itself would be much fascinating.

Photocatalytic degradation of Orange G (OG) has been
reported in several studies [29-32], and many investigations
focused widely on the UV-illuminated TiO; processes [33-39].
Nagaveni et al. [40] conducted the degradation of OG using
combustion-synthesized nano-TiO, under solar light, and found
that the initial degradation rates were 1.6 times higher than that
using Degussa P25 TiO,. They attributed the enhanced photo-
catalytic activity to the crystallinity, nanosize, large amount of
surface hydroxyl species and reduced band-gap. Still no major
effort has been made to study OG degradation driving by visible
light.

In the present investigation, we have undertaken degradation
of OG on nitrogen-doped TiO, (N-doped TiO;) photocatalysts
under visible light and sunlight irradiation. The X-ray diffraction
(XRD), X-ray photoelectron spectroscopy (XPS) and UV-vis
spectra were all used to characterize the catalysts and aimed
at finding the origin of the photocatalytic activity under differ-
ent light sources. The effect of the variables such as the initial
solution pH and the dosage of hydrogen peroxide were also
investigated.

2. Experimental
2.1. Reagents and photocatalysts

Azo dye OG, a reagent in molecular biology, CicHjg
N>NayOS;  (7-hydroxy-8-phenlyazo-1, 3-naphthalenedisul-
fonic acid disodium salt), was obtained from Shanghai Reagent
Co. (Shanghai, China) and was used without further purifica-
tion. The molecular structure of OG and its UV—vis absorption
spectra are presented in Fig. 1. Tetrabutyl titanate (Ti(OBu)4,
99%, wlw), ammonia (28-30%, w/w), hydrogen peroxide
(H202), nitric acid and sodium hydroxide were all of analytical
grade and obtained from Tianjin Kermal Chemical Reagents
Co. (Tianjin, China). The commercial Degussa P25 TiO, was
purchased from Germany Degussa Co. (Germany).

The N-doped TiO; photocatalysts were prepared by calci-
nation of the hydrolysis product of Ti(OBu)4 with ammonia as
precipitator. Typically at room temperature, 20 ml of Ti(OBu)4
solution was hydrolyzed by dropwise addition of 10 ml aque-
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Fig. 1. Molecular structure of OG and its UV—-vis absorption spectra.

ous ammonia with a rate of 1 ml/min under vigorous stirring.
After continuously stirring for 30 min, the mixture obtained was
transferred to a culture dish and dried at 373 K for 2 h in an oven.
Finally, the yellowish N-doped catalysts particles were obtained
through calcinating the white powders in a muffle furnace at
723 K for 2 h. For comparison, we also obtained the non-doped
TiO, by the hydrolysis of Ti(OBu)4 with pure water using the
same procedure as done for doped samples.

The obtained photocatalysts were ground in agate mortar
before further analysis or use. All experiments were carried out
with use of deionized water.

2.2. Catalyst characterization

The crystal structures of the catalysts were analyzed by X-
ray powder diffraction. The XRD analysis was catried out on a
Bruker-D8-AXS diffractometer system (Bruker Co., Germany)
equipped with a Cu Ka radiation (A =0.15406 nm) and a graphite
monochromatic operation at 45kV and 40 mA. The patterns
were obtained at a scan rate of 0.020°/0.4 s. The average crystal
size was estimated by the Scherrer equation using the full width
at half maximum (FWHM) data after correcting the instrumen-
tal broadening. The light absorption properties of the catalysts
were studied by UV-vis spectroscopy. The UV-vis spectra were
recorded on a Jasco V-550 spectrophotometer equipped with an
integrating sphere and using BaSOy as reference. The elements
composition of the catalysts and their corresponding chemi-
cal states were investigated by XPS. The XPS spectra were
acquired with an Axis Ultra-Kratos spectrometer using Al Ko
radiation as X-ray source, and all the binding energies were cal-
ibrated to the Cls peak at 284.8 eV of the surface adventitious
carbon.

2.3. Experimental setup and procedures

For experiments under visible light, the photoreactor is shown
in Fig. 2. Light was provided by a 500 W Xenon-arc lamp
(Shanghai Jiguang Co., Shanghai), which emitted almost exclu-
sively light at A >400nm. The lamp was placed in the inner
tube, which was surrounded by the second tube connected to
a water bath to maintain the solution at 298 £ 1 K. The third
tube was filled with 2 mol/l NaNO, solution to avoid ultraviolet
irradiation. The photocatalytic reactions took place in the outer



314 J. Sun et al. / Journal of Hazardous Materials 155 (2008) 312-319

- 1

*:r \_——ﬁ—
] [ e
4-+---- 3
e ——— 4
N R 5

Fig. 2. Photoreactor employed under visible light irradiation: (1) xenon lamp;
(2) air outlet and reactant inlet; (3) glass cooling jacket with water; (4) interlayer
with NaNO; solution; (5) outer vessel for reaction mixture; (6) aeration board;
(7) discharge outlet; (8) gas flowmeter; (9) buffer bottle and (10) air compressor.

vessel. And the reaction solution was stirred by the bubble of
atmosphere air with a flow rate of 0.2 m3/h through the aeration
board at the bottom.

The sunlight experiments were carried out in 1500 ml beakers
between 12:00 and 14:00 during the months of November (win-
ter season) at latitude 35°19" North and longitude 113°54’ East
(Xinxiang, Henan province in China). The solution was stirred
with magnetic stirrer.

Initial reaction mixture was 1000 ml of 25 mg/l1 OG solution
containing 1.00 g/l catalysts, with different initial pH values and
H>0; dosages. Before irradiation, the solution was first ultra-
sonicated for 15 min, and then stirred for 45 min in the dark
to ensure adsorption equilibrium between the catalysts and the
solution. Then irradiating and timing, samples were taken at
given intervals, centrifuged (3500 rpm for 10 min) and subse-
quently filtered through a 0.45 wm membrane filter to remove
the catalysts.

The concentration of the remaining dye in the solution was
determined by measuring the absorbance intensity at 476 nm
(Lambda-17 spectrophotometer, PerkinElmer) and with the use
of calibration curves. The degradation efficiency of OG was
defined as follows (Eq. (1)):

Co—C

Degradation efficiency(%) = L % 100% (1)

Co
where Cy is the concentration of OG after adsorption equilibrium
in the dark (r=0), and C; is the concentration of OG at reaction
time ¢ (min).
All these experiments were conducted in triplicates and the
results were showed at the mean values.

3. Results and discussion
3.1. Photocatalyst characterization

3.1.1. Structure analysis

Fig. 3 shows the XRD patterns for the N-doped and the
non-doped catalysts. Only the diffraction peaks identified as an
anatase structure were observed without any contamination from
other phases such as rutile or brookite structure. By applying the
Scherrer equation, the average particle sizes were estimated to
be 14.0 and 15.3 nm for the doped and non-doped TiO,, respec-
tively. It is notable that, even the doped samples exhibit typical
structure of TiO, crystal without any detectable dopant related
peaks. This may be caused by the lower concentration of the
doped species, and moreover, the limited dopants may have
moved into either the interstitial positions or the substitutional
sites of the TiO, crystal structure [41].

3.1.2. X-ray photoelectron spectroscopy

XPS analysis was used to determine the chemical states and
concentration of each element possibly existing in the samples.
Fig. 4 shows the XPS survey spectra of the doped and the non-
doped TiO;. Elements of Ti, O, N and C were confirmed to exist
in the doped nanoparticles by the four peaks at binding ener-
gies of 458.8, 530.1, 398.7 and 284.8 eV, which were related to
Ti2p, Ols, N1s, and Cls, respectively. And the mass concen-
tration of these four elements Ti, O, N and C was 34.92, 57.08,
1.76, 6.24%, respectively. Whereas, in the non-doped samples,
nitrogen was completely absent.
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Fig. 3. XRD patterns of (a) the N-doped TiO», and (b) the non-doped TiO,.
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Fig. 4. XPS survey spectra of (a) the N-doped TiO3, and (b) the non-doped
TiO,.

To investigate the chemical states of N atoms in the doped
TiO,, we measured N1s core levels with XPS spectra (Fig. 5).
Two peak structures at binding energies of 400.2 and 398.7 eV
were observed. The first peak at binding energy of 400.2 eV was
assigned as the molecular chemisorbed y-N; [12,42]. The latter
peak was considered arising from Ti—N bonds in TiO; [12,22].
By comparing with the typical binding energy of 396.9eV in
TiN [43], the latter peak was 1.8 eV higher and, therefore, was
attributed to the 1s electron binding energy of the N atom in
the environment of O-Ti—N. This shift of binding energy might
be explained by the fact that, when N atom substituted for O
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Fig. 5. N1s XPS spectra of the N-doped TiO,.
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Fig. 6. UV-vis absorption spectra of (a) the N-doped TiO;, (b) Degussa P25
TiO;y, and (c) the non-doped TiO».

atom in the initial O-Ti—O structure, the electron density around
N was reduced compared to that in the N-Ti—N structure of
TiN crystal, because of the much higher electronegativity of O
atom.

3.1.3. UV-vis diffuse reflectance spectroscopy

Optical absorption spectra of the N-doped, non-doped and
P25 TiO, are shown in Fig. 6. The absorption measurements of
the N-doped TiO, powders showed a new absorption band in
the visible range of 400—550 nm, whereas the non-doped TiO»
and P25 TiO; only exhibited the fundamental absorption edge
of TiO,, which is located in the UV region at about 387 nm. By
comparing the spectra of the N-doped TiO, with the non-doped
TiO,, it was found from the case of non-doped TiO» that, C
atoms appeared not to affect the optical absorption properties of
TiO,. Thus, we attribute this new absorption band to the doped
nitrogen. Furthermore, the color of the doped powders was vivid
yellow while the non-doped and P25 powders were both white.
And in general, the color of a solid is determined by the position
of its absorption edge; a shift of this absorption edge towards a
higher wavelength can result in absorption in the visible range
of spectra. For the colored N-doped samples, this shift could
be ascribed to the doping of N atoms [44]. This also strongly
supported the conclusion that the appearance of a new absorption
band in the visible region in the doped powders was originated
from the nitrogen doping.

3.2. Degradation of OG

To explore the photo-degradability of OG on the N-doped
TiO, catalysts under visible light and sunlight irradiation, a
series of experiments were performed according to the similar
procedure. P25 TiO,, which was always used as standard mate-
rials to evaluate the activity of TiO; nanoparticles synthesized
through other routines, has been reported being capable of pho-
tosensitized oxidation of azo dyes under visible light [26-28].
So herein, P25 TiO, was used as referent. In addition, consider-
ing the similar procedure in synthesis and the slight differences
in compositions, the photocatalytic behavior of non-doped TiO»
was also measured.
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Fig. 7. Photodegradation of OG under (a) visible light (pH=2.0, [HyO;]=
5.0 mmol/l) and (b) sunlight irradiation (pH =2.0, [H,0;] = 15.0 mmol/l).

3.2.1. Visible-light-induced degradation of OG

Fig. 7(a) shows the photodegradation of OG on different cat-
alysts under visible light irradiation. Obviously, the N-doped
TiO, exhibited the highest degradation efficiency with 96.29%
of OG being degraded in 150 min, while P25 showed 42.55%
conversion and the non-doped TiO, showed less than 13.0%
conversion in the same test period. Compared with P25, which
is considered as excellent and standard photocatalysts, the
enhancement in OG degradation under visible light using the N-
doped TiO is certainly significant. Such results can be explained
from several aspects.

Firstly, it was demonstrated from the relatively lower degra-
dation efficiency with the non-doped TiO; that C atoms existing
in it or even in the doped TiO, would be not the origin of visible
activity. This conclusion coincides with the zero optical absorp-
tion properties of the non-doped catalysts in the visible range
as shown in Fig. 6. And the new absorption band observed in
the visible range as discussed in Section 3.1.3 might just be the
reason for the great improvement in OG degradation for the N-
doped TiO;. It is just nitrogen doping that lowered the bandgap
energy of the N-doped TiO; and lead to the red shift of cata-
lysts’ absorption band. Thus, the doped catalysts could absorb
visible light and be activated to generate pairs of electrons—holes

(h*—e™), which would participate directly in the photocatalytic
reactions.

Secondly, the smaller particle size of the doped TiO,, which
could lead to the increase of active sites on the TiO, surface,
provided another powerful explanation.

In addition, certain degradation efficiency achieved with P25
and the non-doped TiO, demonstrated another reason called
photosensitized oxidation mechanism. It suggests that under
visible light, the adsorbed dye is excited to appropriate sin-
glet ('Dye") or triplet (*Dye”) states, subsequently the electron
is injected from the excited dye molecule onto the conduction
band of the TiO, particles, whereas the dye is converted to the
cation dye radicals (Dye®*) that undergoes degradation to yield
products as follows (Egs. (2)—(5)) [5,26-28]:

Dye + hu(visible light) — 'Dye* + *Dye* )
'Dye*or’Dye* + TiO, — Dye® ™ + TiOs(ecg ) (3)
TiOz(ecg™) + 02— 02*” +TiO, 4)
Dye** — degradation products (&)

where the cation dye radicals can readily react with hydroxyl
ions (OH™) undergoing oxidation with HO® species or inter-
act efficiently with O,*~, HO,* or HO® species to generate
intermediates that ultimately lead to CO».

3.2.2. Solar light induced degradation of OG

Fig. 7(b) illustrates the photodegradation of OG on different
catalysts under sunlight irradiation. It was observed that under
sunlight, the degradation efficiency of OG with P25 was higher
than that with the N-doped TiO,, whereas it was exactly the
opposite being observed under visible light. And the non-doped
TiO, also induced 36.24% of OG degradation in 60 min.

Compared with the light sources, the most essential dis-
tinctness of them is the existence of UV light in the sunlight.
Therefore, we could contribute the relatively higher photocat-
alytic efficiency of OG on P25 to the UV light existing in
solar light. And this conclusion could be further confirmed by
the stronger optical absorption of P25 in UV region than the
doped TiO,, which was observed in Fig. 6. In addition, the high
dispersibility and the well-developed crystallinity of P25 TiOy
containing anatase and rutile phases in a ratio of 80:20, which
meant a low density of recombination centers, were probably
another reason [45].

Thus, the imperfections of such synthesized catalysts should
be pointed out to be that, although the N-doped TiO, can be
excited by both visible and UV light and exhibited significant
degradation efficiency under visible light, its degradation effi-
ciency of OG was still not comparable with P25 under sunlight
irradiation.

3.3. Effect of operational parameters under different light
sources

3.3.1. Effect of solution pH
The wastewater from textile industries usually has a wide
range of pH values. Generally, the pH of the solution is an
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Fig. 8. Effect of pH on degradation of OG with the N-doped TiO;
under (a) visible light ([H2O2]=5.0mmol/l) and (b) sunlight irradiation
([H202]=15.0 mmol/l).

important parameter in the photocatalytic processes, since it
not only plays an important role in the characteristics of textile
wastewater, but also determines the surface charge properties
of TiO,, the size of aggregates formed, the charge of dye
molecules, adsorption of dyes onto TiO; surface and the con-
centration of hydroxyl radicals. Hence, the photodegradation of
OG on the N-doped TiO; was studied in pH range from 1.5 to
6.5. Fig. 8 demonstrates the effect of pH on the degradation of
OG under different light sources. It was found that decrease of
solution pH from 6.5 to 2.0 increased the degradation efficiency
of OG from 31.67 to 98.98% at 150 min under visible light
and from 8.00 to 99.37% at 60 min under sunlight. Further
decrease of solution pH from 2.0 to 1.5 would decrease the
degradation efficiency under both light sources. Thus, the pH
of solution significantly influences the degradation of OG and
2.0 was the optimal solution pH under both the visible light and
sunlight.

According to the point of zero charge (Pzc), the surface
charge property of TiO, changes with the change of solution
pH. The pHp, for TiO, is widely reported at 6.25-6.90. Thus,
TiO, surface is presumably positively charged in acidic solu-
tion (pH <pHp,.) and negatively charged in alkaline solution

(pH > pHp,) as given in Egs. (6) and (7) [46,47]:
pH < pHp,: TiOH + H" = TiOH,* (6)
pH > pHp,.: TIOH + OH™ = TiO™ +H,0 @)

The OG dye in solution is negatively charged as the
sulphonated group existing in its structure is hydrolyzed. Due to
the electrostatic attraction, the acidic solution favors adsorption
of OG dye onto TiO; surface, and the degradation efficiency of
OG increases accordingly.

However, further lowering the solution pH (below 2.0) cre-
ates the agglomeration of TiO particles, which will reduce the
surface area available for dye adsorption and photon absorption
[48]. Moreover, at low pH the concentration of H" is in excess,
and the H* ions interact with the azo linkage (—N=N—), which is
particularly susceptible to be electrophilic attacked by hydroxyl
radical, decreasing the electron densities at azo group [49]. Con-
sequently, the reactivity of hydroxyl radical by electrophilic
mechanism decreases.

3.3.2. Effect of dosage of H>O»

One practical problem in using TiO; as photocatalysts is the
undesired electron—hole recombination, which in the absence of
proper electron acceptor or donor, is extremely efficient and thus
represents the major energy-wasting step thereby limiting the
achievable quantum yield. One strategy to inhibit electron—hole
recombination is to add irreversible electron acceptors to the
reaction system, and usually H,O» was used for this purpose.
The effect of H, O, dosage on photodegradation of OG on the N-
doped TiO; under different light sources was investigated. The
results are shown in Fig. 9. The results indicated that there was an
optimal dosage of H,O», at which the degradation efficiency of
OG on the N-doped TiO; attained the height. Below the optimal
dosage, the enhancement of degradation by addition of H,O»
could be attributed to the increase of reactive hydroxyl radical
concentration according to the following Egs. (8) and (9) [50]:

TiOz2(ecg™) + H202 — TiO2 +°*OH + OH™ ¢))
02*" +H,O, — OH™ 4+°OH + Oy C))

But when H,O» presented at higher dosage, the degradation
efficiency of OG decreased. This was because the very reactive
*OH radicals and valence band holes could be consumed by
H,0 itself as given in Egs. (10)—(12) [5,51]. At the same time,
radical-radical recombination as a competitive reaction must be
taken into account, as described in Eq. (13) [52].

*OH + H,0, — HO,* + H,0 (10)
*OH + HO,* — 0, +H,0 (11
TiO»(hyg ™) + H,0r — TiOy +0, +2HT (12)
HO® + HO®* — H,0, (13)

As both *OH and hyg* are strong oxidants for organic pol-
lutants, the photocatalytic degradation of OG will be inhibited
in the condition of excess of H,O;. Furthermore, H,O; can
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Fig. 9. Effect of dosage of H,O, on degradation of OG with the N-doped TiO»
under (a) visible light (pH=2.0) and (b) sunlight irradiation (pH=2.0).

be adsorbed onto TiO; particles to modify their surfaces and
subsequently decrease its catalytic activity [53].

Compared with the optimal dosage of H;O, which is
5.0 mmol/l, 15.0 mmol/l under visible light and sunlight, respec-
tively, it is found that they are not identical with each other as
the optimal solution pH exhibited. This may result from the dif-
ference in wavelength and intensity of the two light sources.
What’s more, the UV light existing in the sunlight has higher
energy intensity to excite the catalysts and will generate more
electron—hole pairs, which may need different dosage of elec-
tron acceptors, such as HyO». Thus, the optimal dosage of HyO»
may vary with the change of light sources, and in order to keep
higher photodegradation efficiency, it is necessary to choose the
optimal dosage of HyO, under different light sources.

4. Conclusions

Treatment of simulated wastewater containing azo dye OG
using photocatalytic process has been taken into consideration
in the present study. The N-doped TiO,, prepared by the cal-
cination of the hydrolysis product of tetrabutyl titanate with
ammonia as precipitator was used as catalysts, and artificial

visible light and natural sunlight were used as light sources.
The XRD analysis showed that the catalysts were nanosized
anatase structure. The XPS and UV-vis spectra indicated that
the nitrogen doping caused the new absorption band appeared
in the visible region. The degradation efficiency of OG with
the N-doped TiO, was much higher than that with P25 under
visible light irradiation. It is considered that not only the new
absorption band in visible range originated from the nitrogen
doping and the smaller particle size, but also the photosensitized
oxidation mechanism originated from the azo dyes themselves
contributed to the higher visible-light-activity. In contrast, P25
exhibited higher photocatalytic activity under sunlight irradi-
ation. Based on the experimental results presented above, it
has been found that the initial solution pH and the addition of
H, 0, both significantly influenced the degradation efficiency of
OG. And the optimal solution pH was both 2.0 under the two
light sources, while the optimal dosage of HyO, was 5.0 and
15.0 mmol/l under visible light and sunlight irradiation, respec-
tively. Based on these results, it will be of significance to explore
the operational parameters under different light sources.
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