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Photocatalytic degradation of some organic sulfides as environmental
pollutants using titanium dioxide suspension
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Abstract

The photocatalytic degradation of four organic sulfide compounds containing different functionalities; methyl phenyl sulfide (MPS), methyl
benzimidazoyl sulfide (MBS), propyl benzimidazoyl sulfide (PBS) and 3-propenyl benzimidazoyl sulfide (3-PBS) as environmental pollutants
using TiO2 photocatalyst suspension under UV-light irradiation in aqueous and organic (ethanol, methanol, acetonitrile, CCl4 andn-hexane)
solvents was studied. The effect of important operational parameters such as solvent, catalyst loading, oxygen flow, irradiation time, pH,
and comparison of photocatalytic activity with different commercial ZnO and TiO2 (rutile and anatase) catalysts were also studied. The
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hotodegradation rate was determined for each experiment and the following trend viz. TiO2 (rutile) > ZnO > TiO2 (anatase) was observe
uggesting that ZnO absorbs a large fraction of the UV-light and absorbs more light quanta than TiO2 (anatase). The effectiveness of la
articles in this reaction is understandable from the properties of TiO2 particles, which indicate that band bending is necessary to ox
ulfide compounds. To develop the band bending in particles, their size and donor density are important. Usually, rutile powders
article sizes than the anatase powders, because they are produced at higher temperature, and thus are advantageous for band b
how that the photocatalytic degradation is well progressed in the aqueous solution and in the presence of oxygen. Optimum va2
rutile) photocatalyst was obtained 30 mg per 20 ml of solution. The best UV-light irradiation time for MPS was 100 min and for t
ulfide compounds was 3 h. Further studies showed that the optimum values of solution pH were observed 8 and 6 for MPS and fo
espectively. The complete mineralization was confirmed by total organic carbon (TOC) analysis and estimation of the formation o
ons such as NH4+, CO2 and SO4

2−.
2005 Elsevier B.V. All rights reserved.

eywords: Photocatalytic degradation; Desulfurization; Methyl phenyl sulfide; Methyl benzimidazoyl sulfide; Propyl benzimidazoyl sulfide; 3-P
enzimidazoyl sulfide

. Introduction

Reduced sulfur compounds such as sulfides, disulfides
nd mercaptans are the by-products of industrial processes
nd are known as waste, natural waters and the earth’s atmo-
phere pollutants[1–3]. The spontaneous oxidation of these
ulfides leads to formation of tropospheric SO2, which is
ventually converted into H2SO4, one of the main compo-
ents in acidic rains through the reaction with atmosphere
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humidity[4]. On the other hand, reduced organic sulfur c
pounds are mostly released in anaerobic biological activ
Sewage and industrial wastewater treatment plants an
mentation treatment of animal feces in livestock industry
examples of places where pronounced anthropogenic g
ation of these compounds can be observed[5–7]. Since the
smells of these organic sulfides are often unpleasant fo
man life their odor treatment is important. Currently app
methods of odor removal are biofiltration, bioscrubbing,
tivated carbon adsorption, wet chemical scrubbing, the
oxidation, water hydrolysis by aqueous alkalis, perhydr
sis and oxidative chlorination[8–12]. Each of these metho
has its own advantages, but all of them have one com
disadvantage such as large volumes of degassing sol
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or toxic gaseous derivatives, which require further treatment
[13]. A new and highly promising universal method for the
destruction of various airborne and dissolved organics is pho-
tocatalytic oxidation[14]. Among metal oxides used as the
photocatalyst for environmental clean up, titanium dioxide
(TiO2) is one of the most promising materials because of its
stability and nontoxicity[15–20]. When TiO2 is irradiated by
UV photons with energy higher than its band gap (ca. 3.2 eV
for anatase), electron–hole pairs are generated. These charge
carriers can migrate to the semiconductor surface to initiate
redox reactions with adsorbents. However, the mechanism of
photoxidation on the TiO2 surface is still under discussion
[21–28]. It is proposed that the surface hydroxyl groups re-
act with the holes to form the surface-bound OH radicals,
which then oxidize the surface adsorbents. Support for this
mechanism comes from the chemical identification of the
hydroxylated oxidation intermediates, EPR detection of the
surface OH radical in aqueous TiO2 sols, the scavenging OH
radicals, and the kinetic isotope effect[29–32]. Several re-
searchers also reported that the surface-bound OH radicals
are key species for oxidation reaction because the diffusion
of surface-bound OH radicals from the TiO2 surface into the
bulk solution is minimal[32,33].

Recently, we have reported heterogeneous photocatalytic
mineralization of some thiols on the Degussa P25 TiO2
[34,35]and some cyclic saturated amines on the ZnO photo-
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2. Experiments

2.1. Materials

The analytical grade anatase and rutile TiO2 powders with
the BET surface area of 48 and 22 m2 g−1, respectively were
obtained from Aldrich. ZnO, methyl phenyl sulfide (MPS)
and all solvents (ethanol, methanol, acetonitrile, CCl4 andn-
hexane) were prepared from Merck and used without further
purification. Methyl benzimidazoyl sulfide (MBS), poropyl
benzimidazoyl sulfide (PBS) and 3-propeny benzimidazoyl
sulfide (3-PBS) were synthesized and purified according to
the previous reports[37]. The molecular chemical structure
of these sulfides is shown inScheme 1. The pH of solution
was adjusted using diluted aqueous buffers that were prepared
by the following compounds: KH2PO4, Na2HPO4, NaOAC,
HOAC, Na2B4O7, HCl and NaOH. In all experiments doubly
distilled water was used.

2.2. Experiments equipment

Aqueous solutions of sulfide compounds were irradiated
in a Pyrex tubular reactor. A magnetic stirrer was placed un-
der the reactor. A 400 W high-pressure mercury lamp was
used as the UV-light source. Oxygen was introduced to the
solution from a gas cylinder at a flow rate of 5 ml/min through
a ted
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atalyst[36]. It is well known that the photocatalyst natu
nd solvent plays crucial roles in the reaction course.

o the best of our knowledge from literature, less atten
as been paid to the comparison of photocatalytic ac
f different commercial ZnO and TiO2 (rutile and anatase
atalysts for degradation of organic sulfide compounds u
V-light in the aqueous and organic solvents. Therefor

he present work we have investigated the effect of impo
perational parameters (including solvent, type of cata
mount of catalyst, illumination time of UV-light, pH a
resence of molecular oxygen) on the photocatalytic deg

ion of methyl phenyl sulfide (MPS), methyl benzimidaz
ulfide (MBS), poropyl benzimidazoyl sulfide (PBS) and
ropeny benzimidazoyl sulfide (3-PBS) as a model molec
f organic pollutant to optimization the process for prac
pplications.

Scheme 1. Molecular st
needle valve. The Pyrex reactor was uniformly illumina
nd its temperature kept constant at 25◦C by a water jacke
nd thermostat. The set up of the photocatalytic deg

ion experiments is shown inFig. 1. The concentration o
rganic sulfides was monitored by periodic sampling du

he course of experiments using a double beam Shimadz
V–vis spectrophotometer. The pH measurements were
sing a Metrohm 620 pH meter. A Hettich EBA 85 centrifu
as used to separate photocatalyst from sample solution

otal organic carbon (TOC) was measured using a Beck
15A total organic carbon analyzer.

.3. Photoirradiation and analysis procedure

In each experiment 20 ml of MPS (50 ppm), MBS, P
r 3-PBS (25 ppm) solutions was used. Reasons for ch

of selected organic sulfides.
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Fig. 1. Photocatalytic degradation set up: (a) oxygen cylinder; (b) power supply; (c) 400 W high-pressure Hg lamp; (d) photoreactor with aluminum foil as
reflector for a full irradiation of catalyst; (e) fan; (f) magnetic stirrer; (g) 2 l Pyrex beaker; (h) photocatalytic degradation cell; (i) water thermostat hake model
f-122.

ing these concentrations are less solubility in water and
long degradation time for MBS, PBS and 3-PBS with re-
spect to MPS. All procedures for the sample preparation
were preformed with shielding from the UV-light. The
photocatalyst powders were suspended in the test solu-
tions. Then, the solutions were irradiated with and with-
out continuous bubbling of oxygen under vigorous stir-
ring. After a significant irradiation time which depended
on the nature of sulfide compounds, TiO2 or ZnO photo-
catalysts were completely removed by centrifugation, and
solution was filtered through a Millipore filter (pore size
0.22�m) for the following UV absorption measurements.
The concentration changes of sulfide compounds were fol-
lowed by monitoring their absorption peaks atλmax= 252,
282, 282.8 and 283 nm for MPS, MBS, PBS and 3-PBS,
respectively.

The initial solution of each organic sulfide was used
as a standard. The SO4

2− concentration as one of the
photodegradation products in aqueous solution was deter-
mined by adding 9.5 ml of solution containing 0–10 mmol
of sulfate to 0.5 ml of developer solution which con-
tains NaCl 75 g; ethanol 100 ml; concentrated HCl 30 ml;
glycerol 50 ml and distilled water 300 ml. To this mix-
ture BaCl2 0.05 g was added and the solution was stirred
thoroughly for 1 min. The stabilized turbidity of BaSO4
suspension in the developer solution was measured at
5
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3. Results and discussion

According to Gilbert and Mercier[38], the main fac-
tors affecting degradability of organic compounds are (i)
reagent solubility, (ii) solution polarity, (iii) reactivity or
acido-basicity of solvent, and (iv) competitive chemisorption
of substrates, products and solvent on the surface of catalyst.
Therefore, the physico-chemical properties of organic sul-
fides must directly affect their photocatalytic degradability.
We will discuss the parameters on which mentioned factors
depend in this section.

3.1. Effect of photocatalyst type on the degradation of
MPS and MBS

The effect of photocatalyst type on the photocatalytic
degradation of MPS and MBS aqueous solutions was inves-
tigated. Results (Fig. 2) show that the order of photocatalytic
activity is as follows: TiO2 (rutile) > ZnO > TiO2 (anatase).
As a result, to obtain efficient photocatalytic degradation,
many structural parameters of photocatalyst such as particle
size, crystalline quality, morphology, specific surface area,
surface state, appropriate phase structure, texture and
electronic properties, etc. are important. A lack of one of
these conditions leads to the sharp reduction of activity of
photocatalyst.

ith
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r is
40 nm.
The ammonia concentration in aqueous solution was

etermined spectrophotometrically atλmax= 410 nm in the
resence of Nessler’s reagent. The formation of CO2 was
etected as BaCO3(s) that separated in the aqueous solu

hat saturated with Ba(OH)2 in which the gases exiting fro
he reactor bubbled.
The reason for greater activity of ZnO compared w
iO2 (anatase) is due to the absorption of more light qu
y ZnO than TiO2 (anatase). Since the band gap of Z

s 3.17 eV, the quantum efficiency of ZnO powder is
ificantly larger than the TiO2 Degussa P25 (70% anata
nd 30% rutile) and hence higher efficiencies have
eported for ZnO[39]. The greatest advantage of ZnO
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Fig. 2. Percent of photocatalytic degradation of MPS and MBS in the pres-
ence of three photocatalysts under UV-irradiation time 1.5 and 3 h for MPS
and MBS, respectively and flux of O2; 5 ml/min; room temperature.

that it absorbs a large fraction of the solar spectrum than
TiO2.

The high activity trend for TiO2 (rutile) compared with
TiO2 (anatase) can be explained based on this fact that anatase
particles have small sizes and high active surface area that
their large surface area is especially effective for capturing
low concentration chemicals. In addition, the large band gap
of anatase has been considered to be related to its high ac-
tivity. However, in photodegradation of sulfide compounds,
we have found that rutile particles with large particle sizes
are more active than the anatase particles. The effectiveness
of large particles in this reaction is understandable from the
properties of TiO2 particles, which indicate that band bend-
ing is necessary to oxidize sulfide compounds. To develop
the band bending in particles, their size and donor density
are important. For example, if the donor density is about
3× 1017 cm−3, a space charge layer of 100 nm is necessary
to develop a potential drop of 0.3 eV. Usually, rutile powders
have larger particle sizes than the anatase powders because
they are produced at higher temperatures, and thus are advan
tageous for band bending[40]. It should be stressed that in the
next experiments, we used the TiO2 (rutile) as photocatalyst
unless elsewhere stated.

3.2. Effect of solvent on the degradation of MPS and
M
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Table 1
Photocatalytic degradation percent of MPS and MBS in several solvents:
TiO2 (rutile) 30 mg; irradiation time 1.5 and 3 h for MPS and MBS, respec-
tively; 5 ml/min flux of O2; room temperature

Solvent Polarity MPS degradation MBS degradation

Water 9 85 80
Acetonitrile 6.2 13 9
Methanol 6.6 7 5
Ethanol 5.2 2 4
Carbon tetrachloride 1.6 0 0
n-Hexane 0.06 0 0

holes. Since, the reaction ability of•OH is high enough to
attack any organic molecules, it has been assigned as a key
species in the mineralization mechanism of many hazardous
chemical compounds. Therefore, discrepancy between the
percent of photocatalytic degradation of sulfide compounds
may be due to the ability of their direct hole capturing and/or
photocatalytic degradation mechanisms[41].

TiO2 + hν → e− + hvb
+ (1)

hvb
+ → htr

+ (1’)

e− + O2 → O2
•− (2)

O2
•− + O2

•− + 2H+ → H2O2 + O2 (3)

O2
•− + hvb

+ → O2 (4)

O2
•− + htr

+ → O2 (4’)

OH− + hvb
+ → •OH (5)

•OH + •OH → H2O2 (6)

e− + htr
+ → recombination (7)

The yields of degradation depend on the solvent polarity;
the quickest sulfide degradation is in the aqueous medium
and the slowest inn-hexane. A possible explanation is that
i ecies
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Table 1shows the photocatalytic degradation of MPS
BS in various solvents. As shown in this table, the sol
lays a crucial role on reaction course. From our find
mong these solvents, water was the best media for pho
lytic degradation of these sulfide compounds. In genera
ell known that the TiO2 photocatalytic reactions in aqueo
olution proceed mainly by the contributions of active o
en species, such as•OH, O2

•− and H2O2. These specie
re formed by Eqs.(1)–(7), where e− represents photoin
uced conduction band electrons. The photoinduced va
and holes are trapped at the surface of TiO2 forming trapped
-ncrease of solvent polarity increases active oxygen sp
n the surface of TiO2 which raise the percentage of the p

odegradation.

.3. Effect of photocatalyst amount on the degradation
f MPS, MBS, PBS and 3-PBS

The effect of catalyst TiO2 amount on photocatalyt
egradation of sulfide compounds is presented inFig. 3.
egradation efficiency of the whole compounds were
reased by increasing the photocatalyst amount, then re
he highest value of catalyst amount and finally remain at
tant value (i.e. becomes independent of the catalyst co
ration). It is interesting to note that this phenomenon
een observed previously in other photocatalytic rea
ver TiO2 [35,36,42,43]. This can be rationalized in term
f availability of active sites on TiO2 surface and the ligh
enetration of photoactivating light into the suspension.
vailability of active sites increases with the suspensio
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Fig. 3. Sulfide concentration (ppm) vs. amount of TiO2 (rutile) for runs
carried out by using the Pyrex photoreactor (V= 20 ml); 400 W high-pressure
Hg lamp; flux of O2 = 5 ml/min. (a) MPS; initial pH = 8.0, illumination time
90 s. (b) MBS, (c) PBS, (d) 3-PBS; initial pH = 6, illumination time 3 h.

catalyst loading, but the light penetration and hence the pho-
toactivated volume of the suspension shrinks. Moreover, the
decrease in the percentage of degradation at higher catalys
loading may be due to deactivation of activated molecules
by collision with ground state molecules. Shielding by TiO2
may also take place Eq.(8):

TiO2
∗ + TiO2 → TiO2

# + TiO2 (8)

where TiO2
* is the TiO2 with active species adsorbed on its

surface and TiO2# the deactivated form of TiO2. Agglomer-

ation and sedimentation of the TiO2 particles were reported.
In such condition, part of the catalyst surface probably be-
came unavailable for photon absorption and dye adsorption,
thus bringing little stimulation to the catalytic reaction. The
crucial concentration depends on the geometry, the work-
ing conditions of the photoreactor and the type of UV-lamp
(power, wavelength).

The optimum amount of TiO2 has to be added in order
to avoid unnecessary excess catalyst and also to ensure to-
tal absorption of light photons for efficient photomineral-
ization. This optimum loading of photocatalyst is found to
be dependent on the initial solute concentration. The most
effective degradation of the whole sulfide compounds were
about 30 mg of TiO2. As it can be seen fromFig. 3, the initial
slopes of linear portion of individual curves are different and
this slope decreasing for four sulfide compounds may be due
to their physico-chemical properties.

3.4. Effect of illumination time on the degradation of
MPS, MBS, PBS and 3-PBS

The reaction profile inFig. 4 represents the dependence
of changes in sulfide compound concentrations on irradia-
tion time in aqueous solutions. The slow kinetic of sulfide
compounds degradation after certain time is due to: (a) the
d m-
p pec-
t
r ause
o ition
( egra-
d e to
d h can
b

F carrie p;
c ) MBS
ig. 4. Organic sulfide concentration (ppm) vs. irradiation time for runs
atalyst amount 30 mg; flux of O2 = 5 ml/min. (a) MPS; initial pH = 8.0, (b
t ifficulty in converting the N- and S-atoms of these co
ounds into oxidized nitrogen and sulfur compounds res

ively, (b) the slow reaction of short chain aliphatics with•OH
adicals and (c) the short life-time of photocatalyst bec
f active sites deactivation by strong by-products depos
carbon, etc.). Discrepancy between the photocatalytic d
ation behaviors of four sulfide compounds may be du
egradation mechanisms and to different products whic
e produced during degradation process. As shown inFig. 4,

d out by using the Pyrex photoreactor (V= 20 ml); 400 W high-pressure Hg lam
, (c) PBS, (d) 3-PBS; initial pH = 6.
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three sulfide compounds MBS, PBS and 3-PBS after 3 h cover
the full surface of photocatalyst, whereas the degradation of
MPS after 100 min is independent on the UV-light irradiation.
It seems that the products of former cases were strongly ad-
sorbed on the TiO2 surface and blocked it more quickly than
the products of MPS degradation. Additional experiments
were conducted to verify that the observed mineralization
was an intrinsically photocatalytic process as follows: aque-
ous sample of each organic sulfide was first irradiated with
UV-light without adding TiO2, and in the second experiment,
it was stirred with TiO2 in the absence of UV-light. In both
cases, degradation percent was negligible.

3.5. Effect of solution pH on the degradation of MPS,
MBS, PBS and 3-PBS

Results of photocatalytic degradation experiments of four
sulfide compounds at pH range from 4 to 11 are illustrated
in Fig. 5. As seen, the photodegradation percent of three sul-
fide compounds MBS, PBS and 3-PBS in neutral solution
(pH = 6) is higher than that of the acidic or basic pH whereas
for MPS, the alkaline aqueous solution (pH = 8–9) is favor-
able. It seems that, the pH of solution could affect either the
surface properties of the photocatalyst or the chemical form of
the substrates, intermediates or products. The interpretation
of pH effects on the efficiency of photocatalytic degradation
o f its
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T
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F rried
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l
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adsorption of sulfide molecules onto the TiO2 surfaces, as an
important step for the photocatalytic degradation.

The point of zero charge (pzc) of the TiO2 (Degussa P25) is
at pH = 6.8[45]. Thus, the TiO2 surface is positively charged
in acidic media (pH < 6.8), whereas it is negatively charged
under alkaline conditions (pH > 6.8). Second, hydroxyl rad-
icals can be formed by the reaction between hydroxide ions
and positive holes. The positive holes are considered as the
major oxidation species at low pH whereas hydroxyl radi-
cals are considered as the predominant species at neutral or
high pH levels[46–49]. It was stated that in alkaline solution
•OH is easier to be generated by oxidizing more hydroxide
ions available on TiO2 surface, thus the efficiency of the pro-
cess is logically enhanced. Although it should be noted that
in alkaline solution there is a Coulombic repulsion between
the negatively charged surface of photocatalyst and the hy-
droxide anions which could prevent the formation of•OH
and thus decrease the photoxidation[44]. Third, the TiO2
particles tend to agglomerate under acidic condition and the
surface area available for sulfide compounds adsorption and
photon absorption would be reduced[18]. An additional ex-
planation for the pH effects can be related to changes in the
specification of the sulfide compounds; that is protonation or
deprotonation of the sulfides which can change its adsorption
characteristics and redox activity.

Three sulfide compounds of MBS, PBS and 3-PBS pos-
s ution
p d via
p wer
p and
i they
g uses
l re-
p ected
t

such
a
N
O f sul-
fi y of
t
a

3
P

ue-
o nted
i n in-
c lso,
n anic
s
2 ds,
t n of
t at-
a ina-
f sulfide compounds is a very difficult task because o
ultiple roles. First, it is related to the ionization state of

urface according to the following reactions[44]:

iOH + H+ ⇔ TiOH2
+ (9)

iOH + OH− ⇔ TiO− + H2O (10)

s well as to that of reactant sulfides and products su
cids and amines. The pH changes can thus influenc

ig. 5. Organic sulfide concentration (ppm) vs. initial pH for runs ca
ut by using the Pyrex photoreactor (V= 20 ml); 400 W high-pressure H

amp; catalyst amount 30 mg; flux of 5 ml/min O2. (a) MPS; illumination
ime 90 s, (b) MBS, (c) PBS, (d) 3-PBS; illumination time 3 h.
ess protonation or deprotonation in lower and higher sol
H on the N and NH groups and therefore as we expecte
rotonation of N atom, they get a positive net charge in lo
H which causes lower photocatalytic degradation yield

n this manner via deprotonation through NH groups
et a negative net charge in higher pH which in turn ca

ower photocatalytic degradation yield due to Coulombic
ulsion. In consequence, the best solution pH was exp

o be neutral pH.
The pH of solution was adjusted using inorganic salts

s: KH2PO4, Na2HPO4, NaOAc, HOAc, Na2B4O7, HCl and
aOH. Anions such as PO42−, H2PO4

−, B4O7
2−, Cl−, and

Ac−, generally decrease the photodegradation rates o
des by electrostatic attraction and inhibited the activit
he photocatalyst (TiO2) by trapping h+ and•OH under both
cidic and basic conditions[49,50].

.6. Effect of oxygen on the degradation of MPS, MBS,
BS and 3-PBS

Experiments with a controlled flux of oxygen in aq
us solution were monitored. As the results are prese

n Fig. 6, it can be seen that organic sulfides degradatio
reases in the presence of oxygen with flux of 5 ml/min. A
o degradation was obtained when titanium dioxide/org
ulfide solutions were sprigged with N2 instead of O2 for
0 min before and during UV-light irradiation. In other wor

he oxygen is necessary for photocatalytic degradatio
hese sulfides. It is well known that limitation in photoc
lytic degradation efficiency is attributed to the recomb
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Fig. 6. Photocatalytic degradation percent of MPS and MBS under normal
atmosphere and under flux of 5 ml/min O2: catalyst TiO2 (rutile), 30 mg;
irradiation time 1.5 and 3 h for MPS, MBS, PBS and 3-PBS, respectively.

tion of photogenerated hole–electron pairs. Oxygen adsorbed
on the surface of titanium dioxide prevents the recombination
process as electrons scavenger. Then the photodegradation re-
action efficiency is a function of adsorption sites occupied by
oxygen, and oxygen adsorption becomes a limiting factor at
very low dissolved oxygen concentration[51].

3.7. Supplementary experiments for support the
progression of photocatalytic degradation of MPS, MBS,
PBS and 3-PBS

The mineralization of MPS, MBS, PBS and 3-PBS sul-
fide compounds has been followed using the total organic
carbon (TOC) determination in aqueous solution and results
are listed inTable 2. It is worth noting that the photocat-
alytic degradation yields were calculated using both TOC
and UV–vis absorbance data. As can be seen from this ta-
ble, the initial TOC values of MBS, PBS and 3-PBS sulfide
compounds are relatively equivalent, as we expected, but of
the MPS is higher than the others, which can be related to
its higher initial concentration. These results show that to-
tal mineralization occur in all cases. Furthermore, calculated
photocatalytic degradation yields of sulfide compounds based
on absorbance data are in a good agreement with TOC data
For support, the progression of photocatalytic degradation

T
C ased
o

S

M
M
P
3

of these sulfides, in each experiment carbon dioxide, ammo-
nia and sulfate ions were detected as mineralization products.
Additional experiments were also conducted to verify that the
observed mineralization was an intrinsically photocatalytic
process as follows: aqueous sample of each organic sulfide
was first irradiated with UV-light without adding TiO2 and
in the second experiment it was stirred with TiO2 in the ab-
sence of UV-light. In both cases, the degradation percent was
negligible.

4. Conclusion

The present work has shown that the mentioned organic
sulfides can be degraded using a photocatalytic process. The
obtained results have specified the effect of some operational
parameters on the process efficiency leading to the degrada-
tion of organic sulfides. Mineralization of organic sulfides us-
ing photocatalytic method showed high efficiency. The photo-
catalytic activity of TiO2 (rutile) was much better than ZnO or
TiO2 (anatase). The effect of catalyst loading on photodegra-
dation of organic sulfides was determined. The degradation
efficiency increased with primary increase in catalyst amount
up to 30 mg TiO2 (rutile) as the optimum loading, but further
increase has no significant improvement. Results obtained for
different pH, showed that the process will proceed in natural
s um-
m dation
o ater
p iron-
m

A

for
fi
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7)

Pro-

tal.

pl.

40

01)

blish-

[ ton,
able 2
alculation of photocatalytic degradation yield of sulfide compounds b
n TOC and absorbance data

ulfide Initial
TOC

Final
TOC

Yield of degradation
based on TOCa

Yield of degradation
based on Absb

PS 33.9 4.5 85 87
BS 14.6 3.5 73 79
BS 17 2 66 68
-PBS 16 0.3 95 98
a Calculation based on TOC data.
b Calculation based on absorbance data.
.

olution much better than in acidic or basic medium. In s
ary, the proposed heterogeneous photocatalytic degra
f organic sulfides which are important industrial wastew
ollutants, can be applied as practical methods for env
ental decontamination.
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