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a  b  s  t  r  a  c  t

A  foam  nickel  support  was  coated  with TiO2 sols  containing  anatase  particles.  The  malodorous  compound,
hydrogen  sulfide  (H2S), was removed  via  photolytic  and  photocatalytic  oxidation  processes  under  ambi-
ent conditions  using  a self-made  photoreactor  with  185-nm  ozone  (O3)  lamp  illumination.  The  reactor
degraded  H2S with  high  removal  efficiency.  The  effects  of  several  factors,  such  as  initial  H2S concentra-
tion,  ultraviolet  light  wavelength,  relative  humidity  (RH),  oxygen  content,  and  catalyst  deactivation  and
eywords:
dvanced oxidation technology (AOT)
2S
eactivation
egeneration
iO2 photocatalyst

regeneration,  on  H2S  degradation  were  investigated.  The  highest  activity  for H2S destruction  was achieved
with  80%  RH,  21%  oxygen  content,  approximately  200  mg/m3 initial  concentration,  and  185-nm  O3 lamp
illumination,  resulting  in  higher  conversion.  Sulfur  (S0)  and  sulfate  ion  (SO4

2−)  were  detected  as  byprod-
ucts  via  the  XPS  technique.  The  catalytic  activity  was  improved  by SO4

2− promotion,  but  reduced  by  S0

accumulation  on  the  photocatalyst  surface.  In addition,  by increasing  the  amount  of  SO4
2− generated,  the

yield  of  S0 and  catalyst  poisoning  could  be  controlled  in the  reaction.
© 2011 Elsevier B.V. All rights reserved.
. Introduction

Malodorous gaseous pollutants in both municipal and indus-
rial waste treatment facilities, as well as in many industrial
rocesses, have become a growing concern because they are a
uisance to the ambient environment and a human health risk.
ydrogen sulfide (H2S) is one of the substances mainly respon-

ible for the offensive odor emitted by wastewater treatment
acilities and industrial plants. H2S is colorless, corrosive, and
ighly toxic with an extremely low odor threshold [1–3]. H2S can
e produced and released into the atmosphere by many indus-
rial processes. Currently, there are more than 70 occupation
ypes that involve contact with hydrogen sulfide. Among these
ccupations are those related to mining, leather production, syn-
hetic rubber manufacturing, gas extraction, papermaking, printing
nd dyeing, sugar manufacturing, sewage treatment, garbage dis-
osal, etc. [4].  In addition, even low H2S concentrations can
everely corrode the metal components of manufacturing facil-
ties. The effective removal of H2S has thus become a focus of
nterest. Heterogeneous techniques that mitigate the H2S contami-

ation problem in external environments include biofiltration, wet
crubbing with chemical solution adsorption, thermal incinera-
ion combined with catalytic processes, etc. [5–13]. Although many

∗ Corresponding author. Tel.: +86 13632315436; fax: +86 20 39322570.
E-mail address: leehyung83@163.com (G. Zhang).

304-3894/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2011.11.006
of these processes have already been applied in manufacturing
facilities, these conventional methods have their own limitations.
Several mitigation measures are difficult to apply because of
safety concerns on the handling of chemicals required for use as
scrubbing agents, lack of long-term stability, or high-energy con-
sumption.

Titanium dioxide (TiO2)-mediated photocatalytic reactions
have attracted great attention in the air treatment field because of
their mild reaction conditions, low cost and energy consumption,
and harmless by-products [14]. Indeed, their demand is reflected
in the increasing number of publications that deal with both the-
oretical and practical application aspects of these reactions. The
destruction of volatile organic compounds (VOCs) in the gas phase
using TiO2/UV has been actively and widely investigated. VOC
destruction is performed at room temperature and ambient pres-
sure; thus, additional reagents are not required. The final products
show little or no toxicity, compared with the parent compounds.
It has been demonstrated that this process can be used to destroy
a wide range of VOCs [15–18].  However, the photodestruction of
inorganic compounds, including sulfur-containing ones, has yet to
be fully explored.

In the research described in the current paper, optimization of
the photolytic and photocatalytic destruction of H2S in the gas-

phase is studied. Important parameters affecting the reaction, such
as the effects of initial H2S concentration, ultraviolet light wave-
length, relative humidity (RH), oxygen content and photocatalytic
deactivation and regeneration, are described. H2S destruction was

dx.doi.org/10.1016/j.jhazmat.2011.11.006
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:leehyung83@163.com
dx.doi.org/10.1016/j.jhazmat.2011.11.006
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Fig. 1. Scheme of the experimenta

erformed under laboratory conditions, and the results demon-
trated that photolytic and PCO processes can degrade H2S gas.

. Experimental method

.1. Catalyst support and test methods

.1.1. Support description
The foam nickel catalyst support (thickness, 3.12 mm;  area,

.113 m2; total weight, 69.056 g; model, 35PPI; voidage, 95%; sur-
ace density, 500 ± 50 g/m2; TiO2 loading density, 30 g/m2; and
rain diameter, 20 nm)  was prepared via the sol–gel method. Nano-
iO2 was loaded evenly on the surface of this support. It should be
oted that the area of the catalyst support used in each experiment
as constant, and its value was 0.113 m2. The area was calculated

y multiplying the support length by its width.

.1.2. H2S determination
H2S concentration was determined by the methylene blue spec-

rophotometric method, which is described in GB/T 11742-1989,
Standard method for hygienic examination of hydrogen sulfide in
ir of residential areas”.

.1.3. Ozone (O3) determination
O3 concentration was determined by a portable O3 analyzer

GD80, Keernuo Technology Co. Ltd., Shenzhen, China). Prior to
he experiment (before the lamps were switched on), the ozone
etected in the photoreactor originated from the ozone in the air.

ts concentration was about 0.02–0.04 ppm. However, at the begin-
ing of the experiment, this original data was initially set to zero
uch that the original ozone concentration would not affect the data
hat was monitored during the experiment. Then, a 60-mm long
exible rubber hose was used to connect the O3 analyzer probe
ead and the injection and sampling mouth, ensuring a tight seal
t the connection points. After approximately 1 min, after obtaining

 stable reading, the data displayed on the screen was  recorded.

.2. Photodegradation apparatus

The basic experimental setup used in this study is shown in
ig. 1.

The photoreactor, which is an inner gas circulation system,

as constructed using 8-mm thick synthetic glass. Silver paper
as pasted onto the inner wall of the photoreactor to prevent UV

ight from leaking during the experiment. The effective volume
f the photoreactor was approximately 120 L. Inside the reactor,
ratus utilized for H2S degradation.

illumination was  provided by three types of 8-W UV lamp (185,
253.7, and 365 nm); these lamps were fixed together at the center
of the reactor. The circulatory power of the inner gas was supplied
by two  small fans with 3.60-W power. These two  fans were installed
in reverse directions at both sides of the reactor. The average circu-
lation rate of the internal air flowing through the catalyst support
surface was  measured to be approximately 0.3 m/s  using an intel-
ligent anemometer (ZRQF, Beijing Detection Instrument Co. Ltd.,
Beijing, China). The temperature and humidity inside of the device
were monitored by an intelligent temperature and humidity con-
troller (SPD319-WHD, Cai Huang Instrument Technology Co. Ltd.,
Chongqing, China). All power components were controlled by six
open switches.

2.3. Experimental methods

H2S gas was  injected using a syringe into the reactor. Both sides
of the fan switch were opened more or less simultaneously to
ensure that the mixture gas circulating inside the reactor in the
absence of UV illumination until gas–solid adsorption equilibrium
under the flow was  established. The equilibrium state was  indi-
cated by identical initial H2S concentrations. Then, the UV light was
switched on to start the experiment, and the H2S conversion rate
was monitored as a function of time by measuring the H2S concen-
tration during the experiment. A steady state was  achieved 70 min
after the UV light was  switched on. The H2S concentration in the
internal device was  measured every 15 min. H2S conversion was
calculated according to Eq. (1):

�  = 1 − C

C0
× 100% (1)

where C0 is the initial concentration and C is the measured con-
centration (every 15 min) during the experiment. At the end of the
experiment, fresh air was  blown into the reactor using an electric
fan at maximum speed for more than 2 h to restore initial condi-
tions before running the next experiment. The ventilation in the
laboratory was ensured to be adequate. Most experiments were
performed at atmospheric pressure, with 30 ± 5 ◦C temperature
and 85% ± 12% RH conditions.

3. Results and discussion
3.1. Blank test

A blank test demonstrated the comprehensive effect of H2S
removal with nano-TiO2 loaded on the foam nickel support under
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Fig. 2. Decomposition of H2S in the blank test. Experimental conditions: O3 lamp,
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removed with the irradiation of the 254- and 365-nm UV lamps,
respectively. When irradiated by these three types of light, with
enough activation energy provided by photons from UV  light, elec-
tron and hole pairs are generated on the catalyst surface. Moreover,
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85 nm and 8 W;  average flow rate, 0.3 m/s; oxygen content, 21%; initial concen-
rations, 247.27 and 237.76 mg/m3; temperature, 30 ± 2 ◦C; and relative humidity,
4%  ± 3%.

3 lamp irradiation. Fig. 2 shows that the H2S concentration in the
hotoreactor initially decreased and then increased because of the
ffects of gas diffusion, adsorption, etc. A new adsorption equilib-
ium was achieved at approximately 70 min  after all of the H2S
as was injected into the reactor. Fig. 2 further shows that after
he adsorption equilibrium was reached, there was almost no H2S
egradation in the presence of the TiO2-loaded foam nickel catalyst
upport (in the absence of UV lamp irradiation). The concentration
f H2S was approximately 190 mg/m3 after the adsorption equilib-
ium was reached.

The effect of H2S degradation in the presence of O3 lamp
llumination (in the absence of TiO2-loaded foam nickel catalyst
upport) was obvious. After 300 min  of O3 lamp irradiation, the
2S concentration was reduced by approximately 60–70 mg/m3,
nd the removal efficiency was approximately 30%. Moreover, in
he current process, approximately 8.39 ppm O3 was  generated,
s measured by the O3 detector (GD80, Keernuo Technology Co.
td., Shenzhen, China) under 5 h of O3 lamp irradiation. Many stud-
es have shown that the addition of O3 to photocatalytic processes
ncreases the conversion of contaminants [19–24]. In fact, O3 has
een used to capture excited electrons and prevent electron–hole
airs from recombining. O3 forms O3

−, which can directly partici-
ate in the reaction [20]. Thus, the role of O3 was deemed important
hen the effects of the photolytic degradation of H2S were studied

n the current paper; the PCO process greatly contributed to H2S
emoval efficiency.

.2. Effects of H2S initial concentration

The effects of the initial concentration of H2S on its decom-
osition are shown in Fig. 3. The results were obtained with
emperatures of 30.0–31.5 ◦C and an RH of 78.3–80.1%. The H2S
oncentrations decreased sharply with the extension of O3 lamp
rradiation time in the O3/UV/TiO2 process. As shown in Fig. 3,
he efficiency of photolytic and photocatalytic H2S degradation
eached the highest levels within the first 90 min  after the experi-
ent started. The slope of the curve was steep during this stage

n each experiment. After the first 90 min  had passed, the H2S
emoval efficiency significantly slowed down and the slope of the
urve relatively flattened. Therefore, it is necessary to adjust the

rradiation time for photolytic and PCO of H2S in practical engi-
eering applications. Based on Fig. 3, the best range of initial H2S
oncentration was determined. When the initial concentration was
qual to or less than 200 mg/m3, the highest degradation efficiency
Fig. 3. Effects of different initial concentrations on H2S removal efficiency. Exper-
imental conditions: O3 lamp, 185 nm and 8 W;  average flow rate, 0.3 m/s; oxygen
content, 21%; temperature, 30.0–31.5 ◦C; and relative humidity, 78.3–80.1%.

with a conversion rate of over 97% was achieved. The default H2S
concentration in the current study was thus set to approximately
200 mg/m3.

3.3. Effects of ultraviolet light wavelength

As an essential component to the photolytic and PCO reac-
tion process, the wavelength of UV light has a great effect on H2S
decomposition. Theoretically, UV light with wavelength less than
387.5 nm could activate titania photocatalysts [16]. In the current
experiment, three types of 8-W UV lamp (185, 253.7, and 365 nm)
were used as UV irradiation sources. The effect of UV light wave-
length on H2S conversion by photolytic and PCO process is shown
in Fig. 4. It was  found that with the illumination of three types of
UV lamp, the conversion of H2S under 185-nm O3 lamp irradiation
was much higher than under 254- and 365-nm irradiation. After
a 3-h illumination, 97.4% of H2S was  decomposed when irradiated
with the 185-nm UV lamp, whereas only 39.1% and 33.1% H2S were
Fig. 4. Effects of different wavelengths of UV lamp on H2S decomposition. Experi-
mental conditions: UV lamp (185, 254, and 365 nm; 8 W);  average flow rate, 0.3 m/s;
oxygen content, 21%; initial concentrations, 191.83–214.49 mg/m3; temperature,
28.5–31.4 ◦C; and relative humidity, 77.2–80.9%.
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Fig. 5. Effects of different relative humidity on H2S conversion. Experimental con-
3
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he shorter the wavelength of the UV light, the higher the energy of
 single photon. In the case of a constant power of 8 W,  the single
hoton energy provided by the 185-nm light was higher than that
rovided by the 254- or 365-nm light [19]. These results show that
hen the photon energy is increased, the H2S degradation becomes
ore efficient.
Significant differences in the H2S removal efficiency resulting

rom 185-, 254-, and 365-nm UV lamp illumination could also be
ttributed to another reason. The three UV lamps produced dif-
erent amounts of O3 during the photolytic and PCO reaction and
ad different abilities in decomposing O3. In the current experi-
ent, approximately 5.95 ppm O3 was generated under 185-nm

amp illumination in the photoreactor, whereas only 0.32 ppm O3
as generated by the 254-nm lamp; almost no O3 was generated

y black light within 3 h of irradiation. As a good electron accep-
or, O3 can effectively prevent the recombination of electron–hole
airs and prolong the lifetime of the hole [23]. In addition, O3
dsorbs 185- and 254-nm light and decomposes to form hydroxyl
adicals, while 365-nm light cannot efficiently decompose O3 such
hat almost no reaction occurs between O3 and 365-nm light [19].
he generation of hydroxyl radicals in the O3/TiO2/UV process is
enerally described as follows [19,20,23,24]:

iO2 + h� → h+ + e− (2)

+ + H2O → OH• + H+ (3)

3 + e− → O3
−• (4)

+ + O3
−• → HO3

• (5)

O3
• → O2 + OH• (6)

3 + h�(� < 310 nm)  → O• + O2 (7)

• + H2O → 2OH• (8)

When irradiated with 185- and 254-nm light, the produced
3 acted as both electron acceptor and hydroxyl radical source.
owever, when illuminated with 365-nm light, no O3 is produced
uring the process and the reactions (4)–(8) do not occur. Hence,
he O3/UV/TiO2 process is more efficient than the UV/TiO2 process.
verall, H2S conversion is highest under the illumination of 185-
m light, and conversion with the 254-nm light is higher than that
ith the 365-nm one.

.4. The role of water vapor

RH obviously influences the photolytic and PCO process. The
ater vapor adsorbed onto the photocatalyst combines with the

lectron–hole (h+) and generates some hydroxyl groups, such
s OH•, which, in turn, oxidizes pollutants. The PCO reaction is
ypically dominated by the generation of the hydroxyl radical,
xhibiting higher reaction rates with larger amounts of hydroxyl
adicals [25–27].  In the absence of water vapor, the photocatalytic
egradation of some pollutants is severely retarded. However,
xcessive molecular water on the catalyst surface will restrain the
onversion rate because the presence of water vapor competes
ith the contaminant for adsorption sites on the photocatalyst,

hus reducing the pollutant removal rate [28]. This phenomenon
s called “competitive adsorption” between molecular water and
he pollutant.

Considering the wide range of humidity in atmospheric con-
itions, the effects of humidity in the range of 20–90% on H2S
ecomposition in the photolytic and PCO process was  investigated.

fter a 180 min  of 185-nm lamp illumination, the conversion rates
f 21%, 43%, 62%, 70%, 80% and 90% RH were achieved at 28.37%,
8.07%, 73.14%, 78.53%, 97.36% and 96.95%, respectively. Fig. 5
hows the sharp initial increase in H2S conversion with the increase
ditions: UV lamp, 185 nm and 8 W;  initial concentration, 203.31–215.31 mg/m ;
average flow rate, 0.3 m/s; oxygen content, 21%; temperature, 30.0–32.8 ◦C; and
relative humidity, 21–90%.

in RH from 21% to 80%. H2S conversion then slightly decreases at
higher humidity, which implies that 80% is the optimal humid-
ity for the photolytic and PCO process. The effect of RH on the
decomposition of H2S is complex. Based on the experiment results,
it was  noted that the effect of humidity on H2S decomposition
by photolytic and PCO process was  two-sided: Increasing humid-
ity improves H2S decomposition, whereas too much humidity will
depress the decomposition. This can be explained by the enhanc-
ing effect of humidity on hydroxyl radical generation to decompose
more contaminants. At the same time, humidity impedes the con-
tact of H2S with the TiO2 photocatalyst and O3 to decrease the
decomposition.

3.5. The role of oxygen

Molecular oxygen is an efficient electron acceptor in the conduc-
tion band of the semiconductor, restraining the unpleasant electron
(e−)–hole (h+) recombination process. In addition, oxygen is the
precursor of various reduced (O2

−, HO2
−, HO2

•, and H2O2) and very
reactive species [29]. Hydroxyl radicals are often considered to be
the main charge transfer species contributing to PCO [30]. The pres-
ence of oxygen is thus essential for the photolytic and PCO process.
The contaminant degradation rate usually increases with increas-
ing oxygen concentration [31], and the competitive adsorption
effect between oxygen and the pollutants seems obvious. There-
fore, excessive oxygen content will hinder the PCO reaction.

The experiments were performed under conditions of various
oxygen contents. The results presented in Fig. 6 shows that at 15%
oxygen content, the oxidation rate is at its lowest, reaching just
17.04% after 3 h of illumination. However, when the oxygen con-
tent was  at 21% (the atmospheric level), H2S degradation reached
the highest conversion rate of 97%. Subsequently, the H2S removal
efficiency sharply decreases at higher oxygen content. The con-
version rates of 25% and 30% oxygen contents were achieved at
64.29% and 58.17%, respectively. The results demonstrate that 21%
oxygen content is the optimal condition of H2S degradation in the
photolytic and PCO process.

3.6. Photocatalyst deactivation and regeneration
A detailed investigation of catalyst deactivation and regen-
eration was performed under 185-nm light illumination. Each
H2S degradation experiment lasted 5 h using similar internal
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onditions: UV lamp, 185 nm and 8 W;  average flow rate, 0.3 m/s; initial concentra-
ion, 199.54–245.48 mg/m3; oxygen content (15%, 21%, 25%, and 30%); temperature,
0.1–32.9 ◦C; and relative humidity, 79.3–85.6%.

oncentrations (approximately 200 mg/m3), and the catalyst deac-
ivation was completed within 50 h. Fig. 7 shows that the H2S
egradation yield dropped from 99.60% to 81.58% after 30 h of irra-
iation. This value dropped even further to 25.88% after 50 h of

llumination, which implies that the TiO2 catalyst has ultimately
eactivated. After the catalyst deactivation experiment was  com-
leted, an electric fan was used for more than 2 h to blow away
ll the H2S in the reactor. This allowed fresh air to fill the reactor
nd ensured that none of the H2S gas was left. The deactivated cat-
lyst was then irradiated by the 185-nm O3 lamp for 48 h. After
his process, the H2S removal test was again conducted and each
est lasted for 5 h under similar previous experimental conditions.
uring the first 50 h of the H2S removal process, the average degra-
ation rate remained at 84.21% and the removal rate seemed to

ncrease slightly over time. Therefore, the TiO2 catalyst is success-
ully regenerated by 48 h of illumination by the 185-nm O3 lamp.

After the first 50 h of H2S removal experiments, the deactivated

iO2 catalyst was named as sample I (before regeneration) to distin-
uish it from the regenerated TiO2 sample. Sample I was  renamed
o sample II (regenerated sample) after it was irradiated by the 185-
m light for 48 h. Sample III was obtained after continuing the H2S
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ig. 7. Dependence of H2S conversion on illumination time. Experimental
onditions: UV lamp, 185 nm and 8 W;  average flow rate, 0.3 m/s; initial concen-
ration after every 5 h, 211.42–256.17 mg/m3; oxygen content, 21%; temperature,
6.5–28.1 ◦C; and relative humidity, 77.2% ± 2%.
Fig. 8. XPS survey spectra of the three TiO2 samples in the different stages of its
regeneration (sample I: before regeneration, sample II: regenerated sample, and
sample III: sample after 50 h H2S removal test following regeneration).

degradation experiments on sample II for 50 h. The three samples
were analyzed via XPS (Axis Ultra DLD, Kratos, UK), and the results
are shown in the XPS survey spectra and S 2p spectra in Figs. 8 and 9.

Based on the XPS survey spectra (Fig. 8) of the three samples, it
was observed that the samples contained Ni, O, Ti, S, C, and other
elements. The binding energy was calibrated using the contami-
nant carbon (C 1s = 284.6 eV) as a reference, then corrected other
elements according to the move of the C 1s peak.

The original sample (the TiO2-loaded foam nickel support cata-
lyst prior to any experiment) and samples I, II, and III were analyzed
by a scanning electron microscope (S-3400N-II, Hitachi, Japan). The
ratios of surface atoms (Stotal) to Ti on the surface of these four sam-
ples were 0.310, 25.760, 26.754, and 32.392, respectively. These
data show that a small amount of S0 existed in the original sample
in the form of impurities, but most of the S0 had been adsorbed
onto the surfaces of samples I, II, and III during the H2S removal
experiments. The change in the amount of Stotal elements between
samples I and II was small because none of the H2S removal exper-

iments were conducted during regeneration. The amount of Stotal
elements in sample III was  obviously higher than those in samples I
and II because of the additional H2S removal experiments that were
conducted for 50 h after regeneration.
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sample after 50 h H2S removal test following regeneration).
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The binding energies of S0 and NiSO4 (S6+) are 162.9 and
67.9 eV, respectively. As shown in Fig. 9, the ratios of S0 to S6+

n the surfaces of samples I, II, and III were 0.756, 0.314, and 0.122,
espectively. During the process from before regeneration to the
onduction of 50-h removal experiments after regeneration, the
mount of S0 diminished, whereas the amount of SO4

2− increased
uccessively. Moreover, when the catalyst was regenerated, the
atio of S0 to SO4

2− dropped markedly from 0.756 to 0.314, drop-
ing further to 0.122 after the 50-h H2S degradation experiments
ere completed. More S0 was contained at the stage before regen-

ration, but more and more S0 was oxidized into SO4
2− during

egeneration. Thus, the photocatalytic activity changed with the
ifferent ratios of S0 to SO4

2−. The amount of S0 decreased dur-
ng the additional removal experiments after regeneration, and the
verage degradation rate reached 84.21%. These results explain the
ccurrence catalyst poisoning caused by the by-product S0 during
he H2S removal process. Nevertheless, during the additional 50 h
emoval experiments after regeneration, the formation reaction of
0 was restrained. In addition, the catalyst poisoning was inhibited
ecause of the increase in number of the SO4

2− with S0 reduction
n the surface of the catalyst. These results resemble those of other
tudies on enhancing TiO2 photocatalytic activity by sulfate pro-
otion [32–39]. The TiO2 catalyst can improve catalyst activity by

romoting the generation of sulfate. The findings reveal that sulfate
odification (super acidification) can not only improve the struc-

ure and surface properties of the catalyst, but also boost the PCO
ctivity and stability of the TiO2 catalyst.

Based on the above-mentioned discussion, the mechanisms
or H2S destruction on the photocatalyst surface during the
3/UV/TiO2 process can be generally proposed as follows

19,20,23,24,29,40]:

iO2 + h� → h+ + e− (2)

+ + H2O → OH• + H+ (3)

3 + e− → O3
−• (4)

+ + O3
−• → HO3

• (5)

O3
• → O2 + OH• (6)

3 + h�(� < 310 nm)  → O• + O2 (7)

• + H2O → 2OH• (8)

+ + OH− → OH• (9)

2 + 2e− +2H+ → H2O2 (10)

2S + 2OH
incomplete oxidation−→ S ↓ +2H2O (11)

2S + 8OH• → SO4
2− + 2H+ + 4H2O (12)

2S + H2O2
incomplete oxidation−→ S ↓ +2H2O (13)

2S + 4H2O2 → SO4
2− + 2H+ + 4H2O (14)

. Conclusions

The photolytic and PCO processes decompose H2S with high
emoval efficiency under normal experimental conditions. On the
asis of this study, the following conclusions could be drawn. The
ighest activity is reached with 80% RH, 21% oxygen content, and
pproximately 200 mg/m3 initial concentration under 185-nm O3
ight illumination. H2S degradation initially increases with increas-
ng RH, oxygen content, and initial concentration up to peak point

f conversion, and then decreases because of “competitive adsorp-
ion” among excessive molecular water, O2, and other pollutants.
he TiO2/UV process is much more efficient with the 185-nm lamp
han with the 254- or 365-nm lamp.

[

[

erials 199– 200 (2012) 255– 261

The XPS results show that the catalyst activity changes with the
different ratios of S0 to S6+ (SO4

2−) on the catalyst surface. The
catalyst deactivates when the ratio of S0 to SO4

2− increases. How-
ever, this ratio continuously drops during the continuous process of
regeneration. With increasing amounts of SO4

2− generated in the
reaction, the yield of S0 (catalyst poisoning) could be inhibited.
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