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Abstract 

Photocatalytic destruction of H2S using TiO,/UV-VIS was conducted in the gas-phase. This process showed high efficiency, reaching 
degradation yields of 99% at concentration ranges of 33 to 855 ppmv. Oxygen was shown to be necessary for the photodestruction of H2S. 
Conversion rates were small in experiments conducted under nitrogen atmosphere (17%) compared with experiments in the presence of 
oxygen (99%). The photocatalytic activity of TiOZ showed that at 2 17 ppmv, there was no loss of the activity over extended operation periods. 
Deactivation of the catalyst was observed only when working at higher H,S concentrations (such as 600 ppmv), and is assumed IO be caused 
by the adsorption of the byproducts produced onto the catalyst surface. The main product in the photocatalytic destruction of HZS in gas- 
phase detected by FTIR and for turbidimetric analysis was sulfate ions. A mass balance showed that H,S is oxidized to SO,-* (95% of SOq-’ 
were easily recovered from the catalyst surface), and that only 0.02% of this ion was detected at the reactor effluent. Experiments carried out 
using the photocatalytic process to minimize noxious emission of H,S stripped from a raw sewage sample showed that this process is viable 
for the elimination of odor in wastewater treatment plants. Q 1998 Elsevier Science S.A. 
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1. Introduction 

The problem with malodorous emissions next to sewage 
and industrial wastewater treatment plants has been largely 
discussed because it is a nuisance in the neighborhood. The 
odors are mainly caused by sulfurous compounds such as 
mercaptans, organic sulfides, disulfides and above all, hydro- 
gen sulfide (H$), which has an extremely low odor thresh- 
old (0.0004 ppm), is highly toxic and has a characteristic 
rotten-egg smell [ I 1. Long exposure to a concentration of 
0.03% (300 ppm) of H,S in the air has caused death, and 
concentrations exceeding 2000 ppm can be fatal if humans 
are exposed for but a few minutes 127 _ The generation and 
emission of H2S from wastewater treatment facilities is a 
maintenance problem because of its noxious odor, health 
hazard and severe corrosive attack on process equipment. It 
has been observed that the main sources of odor at such 
facilities are the thickeners ( HIS5 CH,SH, NH,), thermal 
processing (H,S, acetaldehyde), dewatering (H,S, NH,) and 
storage (NH:,) [ 31. 

The conventional technologies used to remove volatile 
inorganic and organic compounds present in wastewater can 
be classified as destructive and non-destructive processes. 
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Adsorption using activated carbon is an example of a non- 
destructive process which involves simply phase transfer of 
the pollutant. In the destructive processes, such as incinera- 
tion, although the toxic compounds are oxidized, sometimes 
the byproducts formed may be more hazardous than the 
original compounds. Some alternative processes include the 
use of oxidizing agents (H,O,, Cl,, Na/CaOCl, KMnO,, 
NaOCl/NaOH, etc.) or removal by precipitation with fer- 
rous/ferric sulfate [ 2,4,5]. In the gas-phase, biofilters, 
packed-tower scrubbers and activated carbon adsorption are 
the most used processes [4,6-91. 

The destruction of toxic volatile compounds in the gas- 
phase using TiO,/UV-VIS has been investigated because it 
offers several advantages when compared to the other proc- 
esses. Since the destruction is made at room temperature and 
ambient pressure, it is not necessary to use additional reagents 
and the final products show little or no toxicity, compared to 
the parent compounds. It has already been demonstrated that 
this process can be used to destroy a wide range of organic 
compounds [ 1 O-1 21. However, the photodestruction of inor- 
ganic compounds as well as sulfur-containing compounds 
has been little explored [ 13-151. In an interesting work 
developed by Suzuki et al. [ 161 the TiO, photocatalytic proc- 
ess was used for the elimination of some atmospheric odorous 
compounds, among them, H,S. The H,S destruction in gas- 
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phase using near TiO,/UV-VIS has also been studied by 
Jardim and Huang [ 171. These authors observed high deg- 
radation yields (97.2%) when using H,S at relatively low 
concentrations (30 ppmv) with a 500 ml min- ’ flow rate. 

In this work, the optimization of photocatalytic destruction 
of H,S in the gas-phase was studied and some important 
parameters, such as the role of O,, H,S concentration, flow 
rate and photocatalytic deactivation, were addressed. Final 
products of H,S oxidation were investigated using the FTIR 
technique. The destruction of H$ emitted from a sewage 
sample was carried out under laboratory conditions, and the 
results obtained showed that this process can be used with 
success to destroy malodorous emissions from this source. 

2. Experimental 

2. I. Materials 

The Environmental Chemistry Laboratory, where this 
research was carried out (Institute of Chemistry, State Uni- 
versity of Campinas) works under Good Laboratory Practices 
(GLP). Titanium dioxide powder was obtained from 
Degussa (P-25) with a primary particle diameter of 30 nm, 
a crystal structure of primarily anatase (70% anatase and 30% 
rutile) and a surface area of 50+ 15 m2 g-’ (BET). The 
catalyst was used without further pretreatment. All the chem- 
icals used were of analytical-reagent grade and distilled water 
was used for preparing solutions. 

2.2. Photodegradation apparatus 

An annular plug flow photoreactor was constructed using 
a glass cylinder measuring 855 mm with a 35 mm internal 
diameter and a total volume of 405 ml. The reactor has a 
cross-sectional area of 4.73 cm’. The catalyst was coated onto 
the internal glass surface using an aqueous slurry, followed 
by drying with hot air. The coating was repeated several times 
until the tube was opaque to ultraviolet light measured at 366 
nm (Cole-Parmer radiometer series 98 1 1) . A TiO, loading 
density of 3.2 mg cm-2 was obtained by weighing the tube 
before and after the coating. A Ti02 film thickness of ca. 5.3 
ym was estimated by Scanning Electron Micrograph tech- 
nique (SEM). Illumination was provided by a 30 W black- 
light lamp (Sankyo Denki Japan, BLB) with maximum light 
intensity output at 365 nm. The lamp was fixed at the center 
of the reactor. The light flux delivery to the reactor was 
determined to be 7.56 X 10e9 einsteins cmm2 s- ’ measured 
using potassium ferrioxalate actinometry [ 181. The working 
temperature of the reactor was 50 + 2°C due to the heat deliv- 
ered by the light source. 

The basic experimental setup used in this study is shown 
in Fig. 1. It consists of a synthetic air (21% oxygen and 23% 
relative humidity) or nitrogen carrier gas contaminated with 
a known concentration of H,S. The mixture was passed 
through the photoreactor in the absence of UV-VIS illumi- 

A 

Fig. 1. Scheme of the experimental apparatus utilized for H,S degradation. 
(A) Synthetic air, (R) flow meter, (C) conical flask with sodium sulfide 
solution or wastewater, (D) trapping solution for H,S, (E 1 TiO,/UV reactor 
e, (F) alkaline trap. 

nation until gas-solid adsorption equilibrium under the flow 
was established, as indicated by identical inlet/outlet HZS 
concentrations. Then, UV-VIS illumination was turned on 
and the conversion rate was monitored as a function of time 
by measuring the concentration of H,S before and after pass- 
ing through the photoreactor. A steady-state was normally 
achieved 30 min after the light was turned on. This system 
provided a final relative humidity of ca. 80%. This humidity 
level (4&60% corresponding to 11,000-l 6,000 ppmv) is 
close to the humidity range normally found in most working 
environments. Control samples were investigated by passing 
the contaminated air through a catalyst-free reactor. After 
finishing the experiments, the reactor was flushed for 30 min 
in the dark using synthetic air to restore the initial conditions 
before running the next experiment. In all experiments 
described in this work, the gas-flow rate (controlled by mass 
flow controllers and determined using flowmeters, McMil- 
lan) varied from 164 + 2 to 1500 + 30 ml min - ‘, and the H2S 
was photodestroyed at initial concentrations between 30 and 
855 ppmv. Repeatability obtained for 8 complete runs 
(including all the analytical steps) was 1.1%. 

2.3. Hydrogen suijide source 

A novel and simple device was used for the generation of 
hydrogen sulfide. The system was based upon the continuous 
generation of the gaseous species (H,S) due to rigid pH 
control of a sodium sulfide solution. This H,S generator solu- 
tion was made with 0.6 g of Na,S -9H20 and I .44 g of 
Na,HPO, in 100 ml of distilled water, and the pH was initially 
fixed at 8.1 + 0.1 using 1 mol l- ’ orthophosphoric acid. 
Under these experimental conditions, when synthetic air was 
forced to flow over the head space of this flask (without 
stirring) at 200 ml min- ‘, an atmosphere containing 250 
ppmv of H,S was generated. The concentration could be kept 
constant around this value ( f 10%) for at least 5 h, and the 
solution was freshly prepared for each experiment. By chang- 
ing the pH of the sulfide solution (from 4 to 12) and the 
carrier gas flow rate, atmospheres containing 855 down to 30 
ppmv of H,S were obtained. The generator device required 
an equilibrium period of 30 min to reach reproducible values 
for the generation of H,S. 
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2.4. Determination of H,S and byproducts 

The H,S concentration was measured by trapping the car- 
rier gas in either 25.0 or 50.0 ml solutions of 0.1 mol 1-l 
NaOH, using a washing bottle with a glass diffuser. Colori- 
metric determination of H$ was carried out in the trapped 
solution using the Standard Methylene Blue Method (4500 
S’--D) [ 191. 

Byproducts formed in the photodegradation were investi- 
gated using infrared (IR) analysis of the pure Ti02, as well 
as the catalyst after the exposure to H,S plus irradiation, and 
H2S in the dark. The IR analysis was carried out using KBr 
disks in the region of 4000400 cm- ’ using a FTIR-Perkin 
Elmer- 1600. 

Sulfate ions, generated during the photocatalytic 
destruction of H$. were eluted from the TiO, surface using 
200 ml of water and determined by Standard Turbidimetric 
Method (4500-SO,-’ E) [ 191. This result enabled to estab- 
lish the mass balance between H,S consumed and sulfate 
recovered. 

2.5. Raw sewuge sample 

A raw sewage sample collected at the Santa Genebra Sew- 
age Treatment Station was stored in the laboratory under 
anaerobic conditions for 20 days at 4”C, and used as a H,S 
generator to feed the photocatalytic system. In this case, 500 
ml of the sewage sample with pH adjusted to 4.5 with H,PO, 
was continuously stripped using synthetic air at 250 ml 
min-‘. Under these conditions, a stream of contaminated air 
containing 154 ppmv of H$ was obtained. 

Some characteristics of the sewage sample, such as TOC, 
pH, total suspended solids and total volatile solids are shown 
in Table 1. Total organic carbon (TOC) analysis was made 
using a SHIMADZU-TOC 5000. Total suspended solids were 
determined using pre-ashed GF/C Whatman filterpaper, fol- 
lowed by drying at 105°C. Total volatile solids were deter- 
mined by igniting the filter at 500°C. 

In this work, when the sewage sample was used at the 
original pH of 6.6 and stripped using 250 ml min-’ of the 
carrier gas, an atmosphere containing 13 ppmv of H,S was 
obtained. However, after adjusting the pH to 4.5, a 154-ppmv 
H2S stream was obtained with this same flow rate. 

Table 1 
Characteristics of the raw sewage sample 

Total suspended solids 
Total volatile solids 
TOC 

PH 
s z 

256 (mg I-‘) 
240 (mg I-‘) 
141 (mg C I-‘) 
6.6 
2.71 (mgl-‘) 

3. Results and discussion 

3.1. The role of oxygen 

Experiments were carried out in the presence and in the 
absence of oxygen. The results are presented in Fig. 2. The 
steady-state was achieved 30 min after the light was turned 
on. The direct photolysis of the compound, i.e., the decom- 
position in the absence of the catalyst, was negligible. The 
results confirm that in the absence of oxygen, using NZ as 
carrier, the oxidation rate of H2S was small, reaching just 
17% after 120 min of irradiation (in this case, the steady- 
state). On the other hand, when in the presence of oxygen, 
the H,S photodegradation reached 99% after 30 min of irra- 
diation. Therefore. the presence of oxygen was shown to be 
necessary for the photodestruction of H,S. 

There have been many reports in the literature emphasizing 
the importance of 0, in the photocatalytic reactions of organic 
substrates, although the exact role of oxygen in this process 
has not yet been completely established. For example, it has 
been observed that the photooxidation of CH,Cl over rutile 
TiO, can be carried out on the catalyst surface in the absence 
of ‘OH and H20, but not in the absence of O2 [ 20-221. It is 
widely accepted that molecular oxygen is an efficient electron 
scavenger in the conduction band of the semiconductor, 
inhibiting the undesirable e- /h+ recombination process. 
Besides, oxygen is the precursor of various reduced (Oi-, 
HOz-, HO,‘and H,O,) and very reactive species. 

Hydroxyl radicals are often assumed to be the main charge- 
transfer species responsible for oxidation [ 231. Recently, it 
has been suggested that degradation of organic compounds 
is not exclusively mediated via *OH radicals generated at the 
valence band, but that oxygen can play a more important role 
than a mere electron acceptor [ 241. Results obtained by Hong 
et al. [ 251 showed that SO, photocatalytic oxidation occurs 
to a very small extent when conducted under N,. The authors 
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Fig. 2. The role of O2 in the photodegradation of HZS where (0) oxygen, 
( l ) nitrogen and (A) photolysis. Experimental conditions: Black-light 
lamp (30 W), Q=ZSO ml min-‘, 80% relative humidity and 1 HzS],,,Pu, = 
250 ppmv. 
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observed that the reaction rate is independent of the dissolved 
oxygen concentration. They also proposed that oxygen is 
needed to accept conduction-band electrons to make valence- 
band holes available for the formation of radicals necessary 
to the photooxidation process. 

It is interesting to note that at the beginning of the photo- 
degradation reaction, when nitrogen was used as the gas 
stream, the degradation yield was as high as when observed 
in the presence of oxygen. However, after a few minutes of 
irradiation, it dropped to only 17%. In these experiments in 
the absence of oxygen, the photoreactor was flushed with 
pure nitrogen for some time (typically 30 min), then the 
H,S/N, mixture was introduced into the photoreactor. One 
can assume that this procedure was not drastic enough to 
remove the adsorbed oxygen on TiO,. In this case, a high 
degradation yield was expected at the beginning of the exper- 
iment, reaching no destruction when the adsorbed oxygen 
was consumed. Under this situation, the e- /h’ recombina- 
tion process predominates and the rate of ‘OH radical for- 
mation decreases. Another possible mechanism that cannot 
be ruled out is the oxidation of the H,S directly on the hole 
photoformed at the catalyst surface. Many works have 
assumed this to be the major mechanism in the first stage of 
direct oxidation for several organic compounds [26]. 

3.2. l?fiect of space time 

Space time can be defined as the amount of catalyst ( W) 
divided by the molar flow rate of H,S (F) in the inlet stream 
[ 271. The effect of space time on H,S photooxidation was 
investigated using different flow rates ( 164 to 1500 ml 
min-‘) of the gas stream. These flow rates correspond to 
residence times between 0.27 to 2.46 min. It is worth men- 
tioning that in the system used, the distribution of the catalyst 
along the annulus is not uniform. Although the layer of TiO, 
was ca. 5.3 Frn thickness only the surface is in the illuminated 
region. As long as it is not possible to determine the amount 
of catalyst actually receiving photons in the system, the total 
mass of catalyst in the reactor (3 g) was used in the calcu- 
lation. Fig. 3 shows H,S conversion as a function of the space 
time. The results indicate that increasing the space time 
resulted in an increase in the reaction conversion. Higher 
conversion was achieved for space time values above 
I .04 X IO* g s mol- ‘, corresponding to a residence time of 
1.73 min, or 234 ml min- ’ flow rate. The majority of the 
photocatalytic experiments were carried out with flow rates 
near this value. 

3.3. Influence of the concentrations of HJ 

The oxidation rate can be defined as 

where C,, and C,,, are the inlet and outlet contaminant con- 
centration, respectively. Q is the volumetric flow rate, A is 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

Space time (10s g s mol-1 ) 
Fig. 3. Effect of space time on the reaction conversion of HZS. Experimental 
conditions: Black-light lamp (30 W). 2 1% oxygen, 80% relative humidity 
and [ H?S] ,“~“I = 166 ppmv. 

the flow area. The rate term is normalized by the flow area as 
the illuminated or active area of the catalytic element is not 
precisely known. The ratio Q/A is the face velocity, i.e., the 
flow velocity entering the reactor. 

The oxidation rate for H2S as a function of the inlet con- 
centration (30 to 855 ppmv) under a flow rate of 200 ml 
min-’ IS shown in Fig. 4. The reaction exhibits a pseudo- 
first-order dependence on H,S concentration within the range 
of the concentration tested. Half-life values of 0.42 min and 
a rate constant of 1.637 min ’ were obtained. The photodes- 
truction of HZS in the concentration range tested was kept 
constant at approximately 99%, independent of the feeding 
concentration. Studies of H$ degradation in the gas-phase 
at higher concentrations (above 850 ppmv) were not carried 
out due mainly to the low probability of reaching these con- 
centrations in atmospheres over wastewater facilities or any 
other areas where HZS is generated [ 4,281. 

00 
0 200 400 600 800 1000 

H2S concentration inlet (ppmv) 

Fig. 4. Oxidation dependence on H,S concentration. Experimental condi- 
tions: Black-light lamp (30 W), Q=200 ml min-‘. 21% oxygen and 80% 
relative humidity. 
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3.4. Long-term photocutulytic activity 

A detailed investigation of the catalyst life and its possible 
deactivation was carried out in the presence of oxygen. In 
this particular study, H2S degradation was monitored in a 
long term experiment (24 h) of continuous operation, using 
two different inlet concentrations. The results obtained in 
these experiments are summarized in Fig. 5. As can be noted, 
when working at 2 17 ppmv of H,S, the photocatalytic activity 
was maintained for a long time of continuous use. However, 
at higher H2S concentrations, such as 600 ppmv, degradation 
yields dropped from 99% down to 6 1% after 1 h of irradiation. 
This value dropped even further to 36% after 2 h, when the 
steady-state was reached. Interestingly, when the light is 
turned off for 30 min, the reactor seems to recover the initial 
activity for a short period of time, but rapidly returns to the 
same performance observed just before turning the light off. 

This decrease in the photocatalytic activity could be caused 
by the adsorption of byproducts of the oxidation of HIS. This 
hypothesis is related to the fact that sulfate ion was detected 
as a major product of H,S oxidation. An analysis in the reactor 
outlet stream, using a trap containing BaCl? confirmed the 
formation of sulfate ions in small quantities (0.02%). Sulfate 
ions leaving the photoreactor are very likely present in the 
form of H,SO, droplets due to the humidity in the air stream. 
The major portion of the photogenerated sulfate remains 
attached to the catalyst surface, and it is easy to assume that 
this ion is acting as a competitor for the adsorption sites at 
the catalyst. It appears that when the light is turned off, the 
original activity is restored for a short period of time due to 
either the desorption at the catalyst surface, or to the build up 
of oxygen concentration at the catalyst surface. 

Firstly, this deactivation could be explained considering 
the mass rate entering into the reactor. At a concentration of 
600 ppmv and 200 ml min-‘, the reactor receives a load of 
10.9 mg of H,S per hour. Considering that this HZS is trans- 
formed to products, this quantity is sufficient to promote a 
decrease in the photocatalytic activity. Following the same 
principle, when working at 217 ppmv of H,S, after 3 h of 
operation. a load of 11.8 of H2S was pumped into the reactor, 
but interestingly under this situation no catalytic deactivation 
was observed. Actually, even after 24 h of continuous oper- 
ation (94.4 mg of H,S delivered), no inhibition in the catalyst 
activity was observed. A possible explanation is that at lower 
concentrations, the system is able to manage low loads by a 
steady-state of desorption or consumption; a mechanism is 
not so efficient at high loads. 

Another important factor that cannot be ruled out is the 
effect of the temperature on the deactivation of the catalyst. 
Adsorption is the first step in the destruction of H2S on the 
illuminated surface of the catalyst, a process known to be 
very dependent upon temperature. Considering that when the 
light is turned off the working temperature inside the reactor 
drops from 52°C down to room temperature ( N 22°C)) this 
effect, although not measured in this work, can potentially 
alter conversion rates. 

0 ,, I I 1 

0 5 15 20 25 

Irradiation Time (h) 
Fig. 5. Photocatalytic activity where: (m) 600 ppmv and (0) 217 ppmv. 
Experimental conditions: Black-light lamp (30 W), Q = 200 ml min - ‘, 80% 
relative humidity. 

3.5. Byproduct adsorption onto the TIOz su$ace 

Infrared (IR) studies were carried out to investigate the 
formation of byproducts on the TiO* surface during the irra- 
diation. FTIR spectra of (a) pure TiO,, (b) TiOz after H$S 
adsorption in the dark, and (c) irradiated Ti02/H,S are 
shown in Fig. 6. Infrared spectrum of pure TiO, (a) shows 
strong absorption bands at 3409 and 1637 cm-‘, which are 
typical of adsorbed water on TiO,, as already reported in the 
literature [29]. Most authors agree that molecular water is 
both strongly and weakly bound, appearing at 1610-1640 
cm- ’ (water attached to the catalyst surface), and a number 
of broad OH stretching bands from water molecules at 3300- 
3500 cm- ‘. Bands from 3600 to 3800 cm-’ are in general 
assigned to surface-bound hydroxyl groups [ 301 which have 
not been observed in this work. The band at 1384 cm.-‘, 
appearing in the spectrum of pure TiO, as well as in that of 
the catalyst exposed to H$ (Fig. 6a and b), probably cor- 
responds to nitrate ions, since during the adsorption step of 
the catalyst onto the inside wall of the reactor, a suspension 
of TiO, in HNO, was used to better lix the powder at the 
glass surface. 

After exposing the catalyst to H,S for 30 min in the dark 
(b) , one would expect the absorption bands at 2663 cm - ‘. 
belonging to H$, at 2539 cm-‘, corresponding to HPS mol- 
ecules hydrogen-bonded to the oxide surface sites, and at 
1360 cm-’ referring to the bending mode in bound H2S 
molecules [ 301. However, as shown in Fig. 6b, none of these 
bands were detected. This behavior can be explained by 
assuming either a reversible H,S adsorption onto the catalyst, 
or that this adsorption does not occur to an extent sufficient 
to be detected in the IR spectra. When the amount of adsorbed 
H,S is normalized by the Ti02 surface area (50 m2 g- ’ ) , an 
adsorption density of the 1.06 X IO” molecules cm-’ was 
obtained. Values between lOI and lOI molecules cmP2 
suggest that relatively few adsorption sites are available at 
the surface. These results are in agreement with previous 
findings that the adsorption onto hydroxylated TiOz surface 
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Fig. 6. FTIR spectra of Ti02 (a) pure, (b) after exposure to H2S and (c) after exposure to H2S with irradiation 

does not occur to a large extent in the absence of near-UV 
illumination [ 291. The literature has also shown that nearly 
perfect TiO, surfaces are inert to a variety of gases at room 
temperature, including H,S, and that defects on the surface 
are the major points responsible for gas adsorption. 

Fig. 6c reveals that three significant spectral changes occur 
during UV-VIS illumination: ( 1) nearly complete elimina- 
tion of the 1384 cm- ’ band, (2) loss of intensity of the broad 
band centered near 3420 cm ~ ‘, and (3) the appearance of 
three new bands at 1215, 1148, and 1052 cm-‘. Result (2) 
suggests that near-UV illumination leads to two major mech- 
anisms of water consumption: (a) thermal desorption and 
(b) photocatalytic reaction, which can occur independently 
at the same time. Change (3) suggests that these bands can 
be assigned to intermediate surface sulfur oxides, since the 

S-O and S=O bonds absorb in the range between 900 and 
1500 cm- ’ [ 3 1,321. Absorption at 1147.2 cm- ’ is charac- 
teristic for sulfate ions, which were detected in low concen- 
tration at the outlet of the reactor. The bands observed at 12 15 
and 1052 cm- ’ can be attributed to the S(V) intermediates 
S20,-’ (1212 cm-’ > and S@-* (1052 cm-‘), respec- 
tively [ 321. 

Confirmation that sulfate ions are the major product gen- 
erated during the photocatalytic destruction of H,S was 
obtained by washing the photoreactor with 200 ml of water 
after 1 h operation, and determining the amount of sulfate in 
this extract. The mass balance showed that 95% of the total 
sulfide that entered in the photoreactor was recovered easily 
as sulfate. The other 4% probably remained strongly attached 
to the catalyst, since no other compounds were detected in 
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the final gaseous effluent by using GC/MS. Only 0.02% of volatile compounds did not impair the performance of the 
the total sulfate was detected in the aqueous trap used to reactor. These results confirm the potential of the process for 
collect the gas stream leaving the photoreactor. a wastewater treatment plant for reducing odor nuisance. 

The presence of the SO,‘- ions adsorbed onto TiO,? can 
be explained by assuming two different pathways. It can be 
assumed that ‘OH radicals formed on the surface during the 
illumination are able to oxidize HPS to H2S04 according to: 

H,S+8’0H+SO:-+2H++4H,O (2) 

An alternative pathway assumes that SO2 can be produced as 
an intermediate product, followed by a hydration and oxida- 
tion reaction to form H,SO,. In the presence of oxygen and 
water, the major route to SO2 formation from H,S has been 
proposed by Alloway and Ayres [ 331: 

HzS+4’OH+S0,+2H++2H,0 (3) 

‘OH+S02+(02,HZO)-+H2SO~+-OOH (4) 

In this work it was not possible to prove which is the 

4. Conclusion 

preferential route of H$ oxidation. Although SO, can be 
formed in this process, its quantifcation is difficult because 
the kinetic of the reaction (Eq. (4) ) is very high. 

Sulfur was also the final product observed in the oxidation 
of HzS by oxygen when chelated iron absorbent was used as 
catalyst [ 341. Waltrip and Snyder [ 41 studied hydrogen per- 
oxide addition for the oxidation of H,S and observed an 
expected dependence of the final products as a function of 
pH. According to the authors sulfate was the major ion 
detected in alkaline conditions, whereas under acidic condi- 
tions the major product detected was sulfur. 

The gas-phase photocatalytic process using TiO,/UV-VIS 
showed high efficiency in the destruction of H$, reaching 
degradation yields of 99% at concentration ranges of 33 to 
855 ppmv. When working at a 217 ppmv concentration, the 
photocatalytic activity was maintained over extended opera- 
tion time. Catalyst deactivation was detected only for con- 
centrations as high as 600 ppmv. The observed inhibition has 
been attributed to the adsorption of byproducts photoprodu- 
ted during the oxidation of the parent compound. The main 
product observed in HZS oxidation was sulfate ions, which 
were detected on the TiOz surface as well as in the outlet 
reactor. The process was also tested with the off gas from a 
raw sewage sample, and the results showed that this process 
is a viable alternative for the elimination of malodorous com- 
pounds present in wastewater treatment plants. 

In this work, elemental sulfur was not detected by FTIR 
analysis. The presence of S was not detected by changes in 
catalytic surface color of white to yellow, even after 24 h of 
continuous operation. Considering the highly oxidizing 
atmosphere inside the reactor, the following mechanism for 
the destruction of H2S at TiOz surface is proposed: 

TiO,+hv-+h’+e- (5) 

h++HzO,,,.-t’OH+H+ (6) 

h++OH,,,,, -+-OH (7) 

Eq. (7) is followed by Eq. (2), then the following: 

02+2e~+2H,0+H202 (8) 

H2S+4Hz02+O:-+2H++4HZ0 (9) 
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