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ABSTRACT

Photodegradation of dimethyldisulfide (DMDS) was examined using nanoCdS and nanoCdO
loaded on zeolite A as a heterogeneous catalyst under UV irradiation. Zeolite A was pre-
pared from waste porcelain. Cadmium sulfide nanoparticles were prepared by a precipita-
tion method using zeolite A as a template. Finally, CdO/A was prepared by wet
impregnation of parent zeolite NaA with Cd(NO3)2 solution. Fourier transformation infrared,
X-ray diffraction, and scanning electron microscopy methods were applied for the character-
ization of samples. UV–Vis spectrophotometric measurements were performed to determine
the extent of decolorization and mineralization. Considering the influence of experimental
parameters such as catalyst concentration, DMDS concentration, and pH of the test solutions,
the contaminant photoelimination process was studied. The optimal operation parameters
were found as follows: pH 1, 0.3 g L�1 of catalyst loading, and 8ppm of DMDS concentration.
Based on the obtained results in the photodegradation process of DMDS, the most efficiency
was detected in the presence of nanoCdS/A, while no remarkable activity was perceived
when bulkCdS was used as the photocatalyst. CdO/A and nanoCdS particles also showed
relatively good activities in the photodegradation extent of the contaminate. The degradation
process obeyed first-order kinetics.

Keywords: Dimethydisulfide; CdS nanoparticles; CdO; Photodecolorization; Zeolite A;
Heterogeneous catalysis; Waste porcelain

1. Introduction

Dimethyldisulfide (DMDS) is one of the organo-
sulfur compounds (OSCs) with high toxicity and
characterized as a strong corrosive material. It is also
one of the organic compound whose oxidation in the

atmosphere can produce sulfuric acid, which is the
main component of acid rain [1]. It is released either
by natural processes such as anaerobic biological
activities or by anthropogenic sources, such as the
Kraft paper pulping process which can lead to high
local atmospheric concentrations of mercaptans [2]. It
is also generated during poultry meat production [3]
and is commonly found in various industrial
processes, waste streams, and disposal facilities.*Corresponding author.
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To remove DMDS from waste streams several
technologies have been reported, such as adsorption
over activated carbon, thermal oxidation, biofiltera-
tion–bioscrubbling, and incineration; some of them are
not that much suitable because of consuming high
expense, high energy requirements, and high chemical
consumption [3]. For example, because industrial
wastewaters usually contain toxic and/or non-biode-
gradable organic substances, biological treatment is
not efficient [2]. Photocatalytic oxidation is the most
popular method to degrade different water pollutants
such as OSCs [4–9]. In this method when a semicon-
ductor is illuminated by a ray of light with a suitable
wavelength, it generates electrons and holes which
can further produce free radicals to decompose a large
number of organic pollutants. Utilizing this method,
OSCs and other pollutants are completely decom-
posed to minerals under mild conditions [10].

In most of the reports about photoremediation of
pollutants, TiO2 and ZnO have been used as photo-
catalyst [11–14]. In this research photodecolorization
of DMDS by CdS nanoparticles incorporated with
zeolite A was studied. To achieve this, cadmium sul-
fide nanoparticles were produced inside the channels
and on the surface of zeolite A by precipitation after
the ion exchange process. The obtained compound
(nCdS/A) was used as a photocatalyst for decolor-
ization of DMDS under UV irradiation. The photo-
catalyst exhibited a very good performance in
destroying DMDS with consuming low expense and
time. However, CdS anodic decomposition, the so-
called photocorrosion, has limited its utility as a pht-
ocatalyst that has been explained in our previous
work [15]. The use of a suitable sacrificial agent can
overcome this disadvantage of the semiconductor. In
general a mixture of Na2S and Na2SO3 has been
widely used as a sacrificial agent to prevent CdS
photocorrosion.

2. Experimental

2.1. Materials

All chemicals were of analytical grade (Merck and
Aldrich). The solutions were prepared with distilled
water. Waste porcelain was prepared from Esfahan
glass factory (Iran) and grounded by a mill. The
grounded particles were washed with distilled water
to use as a source of Si for preparing zeolite A. Table 1
shows the chemical composition of the used pow-
dered waste porcelain. The pH of solutions was
adjusted either by sodium hydroxide or hydrochloric
acid solution.

2.2. Zeolite preparation

Zeolite A was synthesized from waste porcelain at
low temperature via a two-step alkali conversion [16].
In this method, during the first step, raw material
(12.5 g) was added to a 4M NaOH solution (50mL)
and heated at 80˚C for 12 h. At the end of the heating
period, the reaction mixture was filtered; the Si and
Al concentrations in the filtrate were analyzed by ICP.
The concentration of Si and Al extracted from the
waste were ca 20,000 and 10ppm, respectively. The
filtrate was then diluted 50% with distilled water. This
diluted solution (2mL) and aluminate solution (1mL)
were mixed to adjust the Si/Al molar ratio of 0.5. The
mixed solution was heated at 80˚C for 24 h. The result-
ing reaction mixture was filtered and the solid prod-
uct was rinsed with distilled water, and dried in a
drying oven at 60˚C overnight.

2.3. Preparation of catalysts

2.3.1. Preparation of CdO embedded on zeolite A

Synthesize of CdO embedded on zeolite A was
adapted from report [17]. It was prepared by wet
impregnation of parent zeolite NaA with Cd(NO3)2
water solution (50.0 g/L). Impregnation was per-
formed at 25˚C for 2 h followed by drying at 100˚C for
1 h and calcinations at 450˚C for 6 h.

Table 1
Chemical composition of the powdered waste porcelain
(XRF)

Compound Percent

LOI 8.80

SiO2 64.41

Al2O3 22.57

K2O 1.47

CaO 0.972

Na2O 0.783

Fe2O3 0.438

MgO 0.245

P2O5 0.076

TiO2 0.068

SO3 0.048

SrO 0.039

MnO 0.012

ZnO 0.008

CuO 0.007

Total 99.946
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2.3.2. Preparation of CdS nanoparticles loaded on
zeolite

The nCdS/A sample was prepared by a precipita-
tion process using zeolite A as a matrix [18]. In a typi-
cal preparation procedure, 1 g Na-A was taken in a
round bottom flask and 100mL of a 1M Cd(NO3)2
solution was added to it. The mixture was stirred for
24 h at room temperature. The zeolite was filtered and
rinsed with distilled water until the filtrate was free
from Cd2+ ions. The sample was dried and stirred
with 100mL of 1M Na2S solution for 12 h which
resulted in the precipitation of the Cd2+ ions present
in the zeolite matrix. The zeolite was then rinsed with
distilled water until the filtrate was free from S2� ions.
A gray white color was observed following ion
exchange with Cd2+ ions. It was then changed into a
dark orange after the precipitation process, which can
be considered as an initial evidence for the conversion
of Cd2+ to CdS in the zeolite.

2.3.3. Preparation of nanoCdS

To prepare the nanoCdS sample, the obtained
orange material was treated with a 48% HF solution,
so that the zeolite matrix was removed. Then the
insoluble nanoCdS particles were washed with hot
water until the pH of filtrate became neutral [18].

2.3.4. Preparation of bulk CdS

The bulk CdS sample was synthesized by a con-
ventional precipitation method. In this method, an
equimolar amount of Na2S solution was gradually
added to a stirred solution of 1M Cd(NO3)2 leading
to the formation of CdS precipitates. The product was
rinsed with distilled water several times, dried in an
oven and then calcined at 400˚C for 4 h [18].

2.4. Characterization

The chemical composition of the powdered waste
porcelain was determined by X-ray fluorescence spec-
trometry (XRF) (Bruker, F4 Pioneer). The extracted Si
and Al from waste porcelain were measured by ICP
(GBC Integra XL). The X-ray diffraction (XRD) pat-
terns of obtained zeolite A and nCdS/A was charac-
terized by a Bruker diffractometer (D8 Advance) with
Ni-filtered Cu Ka radiation (k= 1.5406 ) over the 2h
range of 10–80˚. Fourier transformation infrared (FT-
IR) spectra of the samples on KBr pellets were
recorded with a Nicolet single beam FT-IR (Impact
400D) spectrometer in the wave number range of

4,000–400 cm�1 at room temperature. The surface mor-
phology and surface texture properties of samples
were obtained using a Philips XL30 scanning electron
microscope (SEM) and a BET instrument (model Nova
1200), respectively. Atomic Absorption Spectrometer
Perkin Elmer Analyst 300 (Air-C2H2, k= 288.8 nm) was
the instrument to measure the amount of cadmium
loaded on the zeolite.

2.5. Photodegradation experiments

In a typical photocatalytic experiment aqueous sus-
pension (50mL) of DMDS with certain concentration
was fed through certain amount of the photocatalyst
in a flat-surfaced glass reactor. A 75W UV (k= 200–
430 nm) lamp was used and the distance between the
lamp and glass-reactor was fixed at 30 cm. The reac-
tion mixture was magnetically stirred during irradia-
tion. To measure DMDS degradation efficiency,
photometric analysis of samples before and after the
irradiation can be used. The absorbance of the sam-
ples was measured using a UV–Vis spectrophotometer
Carry 100 Scan. The concentration change was calcu-
lated from the linear calibration plot of DMDS at a
wavelength of 251 nm. The degradation efficiency of
the pollutant was determined by the following
equation:

Degradation % ¼ C0 � C

C0

� 100

where C0 and C are the initial and final (after irradia-
tion) concentration of DMDS in selected time interval.
During the degradation process, control experiments
in dark condition were performed at the presence of
catalysts and in accordance to each case to investigate
the extent of surface adsorption.

3. Results and discussion

3.1. Characterization

3.1.1. XRD patterns

Fig. 1 shows the XRD pattern of zeolite A (ZA),
nCdS/A and CdO/A samples. In the XRD pattern
(curve a in Fig. 1) the characteristic lines at 2h (7, 10,
12.5, 14.5, 16.1, 21.8, 23, 24, 26, 27.1, 30, 31, 32.5, and
34.2) values are observed that have a good agreement
with the data of Na-A zeolite in the library of the
instrument (JCPDS No. 38-0241) and in the literature
[19].This analysis showed that the product had a typi-
cal zeolite A structure as major component. The peaks
correspond to the beta phase of the CdS particles
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(JCPDS No. 01-0647) located in the 2h values of 26.5,
30.9, 44, 52, 54.5, 70.5, and 72.5. The most intense
peaks are assigned as (D) in the pattern b in Fig. 1.
The peaks which are not apparent in the ZA pattern,
can illustrate the incorporation of CdS in the zeolite
structure. According to JCPDS No. 05-0640, CdO
should show some reflections in 2h values of 14.5, 33,
38, 48.2, 55, 66, and 69. Some of these are present in
the pattern c in Fig. 1, the most intense reflections cor-
responding to the XRD data of the CdO particles are
assigned as (⁄).

Analysis of the b, excess of width line of the dif-
fraction peak in radians and h, the Bragg angle in
degrees and using the Debye-Scherrer formula as [20]:

d ¼ 0:9k=b cos h

where d is the average diameter of the crystal and k
the wavelength of X-ray, we determined the average
size of ZA, NCdS-A and NCdO-A samples to be 2.8,
3.9, and 4.4 lm, respectively.

3.1.2. FT-IR spectroscopy

FT-IR spectra of the zeolite A, various types of
CdS samples and CdO/A were recorded in the range
of 4,000–400 cm�1 are shown in Fig. 2. Fig. 2(a) shows
absorption peaks for bulk-CdS at 526.4, 615, 1,112,
1,629, and 3,506 cm�1. The observed frequencies at
804, 1,086, 1,211, 1,635, 2,364, and 3,392 cm�1 in Fig. 2
(b), belong to the nano-CdS sample. According to the
Fig. 2(c), the observed frequencies at 464, 562, 667,
1,016, 1,672, 3,033, and 3,479 cm�1 agree with the
infrared spectral data, which have been reported for

zeolite A [21]. The absorption frequencies of nano-
CdS/A are shown in Fig. 2(d). Infrared spectroscopy
can reflect the changes in the configuration of the
frameworks of the zeolite host after the incorporation
of the guests into the zeolite. The Changes of the char-
acteristic peaks took place between the host zeolite A
(the values in the parentheses) and the host-guest
materials nanoCdS/A. For nanoCdS/A, the character-
istic bands were 490 (464), 581 (562)(T–O bend), 673
(667) cm�1 (double rings), 1,001 (1,016) cm�1 (asym-
metrical stretch), 653 (1,672), 3,412 (3,480) cm�1 which
demonstrates a shift of some bands compared with
the bands of the zeolite A host (Fig. 2(c) and (d)).
These illustrate that nanoCdS particles have been
embedded on zeolite A.

The absorption frequencies of CdO/A are shown
in Fig. 2(e). The changes in the configuration of the
frameworks of the zeolite host after the incorporation
of the guests into the zeolite can be detected by infra-
red spectroscopy. Characteristic peak changes
occurred between the host zeolite A (the values in the
parentheses) and the host-guest materials CdO/A. For
CdO/A, the characteristic bands were 484 (464), 553
(562) (T–O bend), 682 (667) cm�1 (double rings), 982
(1,016) cm�1 (asymmetrical stretch), 1,649 (1,672),
3,404 (3,480) cm�1 which demonstrates a shift of some
bands compared with the bands of the zeolite A host
(Fig. 2(c) and (e)). These illustrate that nanoCdS parti-
cles have been embedded on zeolite A.

Fig. 1. XRD patterns of synthesized zeolite A (a),
nanoCdS/zeolite A (b) and CdO/zeolite A (c); (D): CdS
patterns and (⁄): CdO patterns.

Fig. 2. FT-IR spectra of bulk CdS (a), nanoCdS (b), Zeolite
A (c), nanoCdS/A zeolite (d), and CdO/A (e).
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3.1.3. SEM and BET analysis

The morphology of bulk CdS, nanoCdS particles,
and CdS nano particles loaded on zeolite A was stud-
ied by SEM. The SEM photographs of the samples are
present in Fig. 3. A regular growth pattern of fine par-
ticles of CdS in nano size range is clearly observed
inside and on the surface of zeolite A as shown in
Fig. 3(b)–(d). The surface of CdS nano particles is rela-
tively rough in comparison to the bulk sample. The
bulk sample with a large outgrowth of CdS particles
in an irregular manner is illustrated in Fig. 3(a). Fig. 3
(e) and (f), shows nanoCdS particles and the zeolite
matrix being removed by HF solution. The figures
however do not show the complete removal of the
matrix. The nano particles on the surface of zeolite A
are in accordance with particle size distribution in the
range of 48–68 nm.

BET surface area and micro pore volume were cal-
culated by fitting the adsorption data in the corre-
sponding theories and the obtained values are given
in Table 2. According to results, the surface area of

the zeolite NaA increased by cadmium loading during
the ion exchange process. This is due to the decrease
in the number of extra-framework cations while
replacing monovalent sodium cations with divalent
cadmium cations. On replacing sodium cations with
divalent cadmium cations, one Cd2+ replaces two Na+

ions; therefore, half of the cation is present in the zeo-
lite. The surface area and also the total pore volume
of the CdO/A and CdS/A samples decreases due to
blocking of some zeolite pores by the formation of
CdO and CdS on the surface of zeolite. In general, the
surface texture results are in coherence with the XRD
results of particles sizes. The formation of CdO and
CdS in zeolite channels and surface leads to an
increase in the solid particle size and it is accompa-
nied by a decrease in surface area and pore volume.

3.2. Catalytic activity of nCdS/zeolite A sample

A combination of nanoCdS particles and zeolite A
provides a large specific area value to firstly adsorb

Fig. 3. SEM photographs of the bulk CdS (a), nCdS/A zeolite (b–d) and nanoCdS particles (e and f).
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DMDS molecules and then oxidize them. Photodegra-
dation could be performed directly by holes (DMDS
+h+!DMDS+) or by the hydroxyl radical produced
by reaction with hole and H2O in situ generated. As
the reaction environment in our experiments was
aqueous the latter pathway could be the most impor-
tant reaction happened during the photodegradation
process.

Indeed, DMDS reacts with OH radicals to produce
an intermediate (CH3(OH)SSCH3) which is rapidly
broken to form HCHO and SO2 molecules by cleavage
S–S bond [22]. Direct and indirect oxidation mecha-
nisms both are explained in article [23]. FT-IR, ionic,
and reverse phase chromatography have confirmed
the formation of sulfate, methane sulfunate and the
presence of C=O and methyl groups via photdegrada-
tion of DMDS [14,24]. Generation of the products
mentioned above leads us to detect different types of
reaction performing during the photodegradation of
DMDS: (i) sulfur oxidation, (ii) carbon oxidation, and
(iii) S–S bond cleavage [25]. Hence, we suggest the fol-
lowing mechanism for the degradation of DMDS.

SC ðSemiconductors CdS or CdO in zeoliteÞ þ hv

! hþ þ e� ð1Þ

hþ þH2O ! Hþ þ�OH ð2Þ

e� þO2 ! O�
2 ð3Þ

CH3 � S� S� CH3 þ �OH ! CH3ðOHÞS� S� CH3

! CH3ðOHÞSþ �CH3S ð4Þ

�CH3Sþ�OH ! SO2 þ CH3OH ð5Þ

CH3ðOHÞSþ�OH ! SO2 þ CH3OHþH2O ð6Þ

CH3OHþ �OH ! CO2 þH2O ð7Þ

The photocatalytic activity of nCdS/A in DMDS
degradation was studied in detail. Also, the effects of

key operating parameters have been investigated.
Fig. 4 demonstrates the UV–Vis spectra of degradation
of a 8 ppm DMDS solution after UV irradiation in time
period of 45min in the presence of nCdS/A (0.3 gL�1)
as a photocatalyst. By the degradation of the pollutant,
the decline of the sample’s absorbance intensity at
kmax (251 nm) is indicated. To measure the degradation
rate of DMDS, the decrease of the sample absorbance
due to the decrease of DMDS concentration was
recorded. Based on control experiment results, maxi-
mum value of DMDS surface adsorption stands at
18%, which was reflected on (was reduced from total
degradation values) all degradation calculations.

3.2.1. Effect of photocatalyst dosage

The effect of catalyst dosage on the degradation
extent of DMDS was investigated keeping all other
experimental parameters constant. The results are
shown in Fig. 5. Along increasing in dosage of the cat-
alyst up to 0.3 gL�1 the rate of degrading also
increased but beyond that, it decreased. The enhance-
ment of catalyst loading from 0.1 to 3 gL�1 increased
the degradation extent due to elevation of the catalyst
surface area, which elevates absorption of photons
and also increase the surface adsorption extent of pol-
lutant. So the degradation extent of DMDS was
enhanced. The diminish at high dosage beyond the
optimum amount of 0.3 g L�1 is because of decreasing
the light penetration and deactivation of activated
molecules due to collision with the ground state mole-
cules [26]. In addition, at higher catalyst dosage, sus-
pension could not be remained homogenous easily
because of particles condensation which decreases the
number of active sites [27]. The decrease in the initial
rate beyond the catalyst dosage of 0.3 g L�1 may also
be attributed to the screening effect of excess catalyst
particles in the solution which decreases the light pen-
etration and hence reduces the photodegradation rate

Table 2
Some surface characteristics of samples

Sample SBET (m2/g) Vp (cm3/g) dp(lm)

NaA 450 0.198 2.5

CdA 610 0.243 3.1

Nano-CdSA 415 0.157 3.5

Nano-CdOA 392 0.142 3.9

Fig. 4. Variation of the DMDS solution absorption spectral
during the process in condition of 8 ppm of DMDS,
pH=8.2, 0.3 g L�1 of nCdS/A and irradiation times of 8,
14, 21, 36, 60 and 90min (from top to bottom).
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[28]. So, the overall number of the photons can be
reached to catalyst particles and the production of OH
radicals are decreased with the loading of the catalyst.

Based on our previous work, the kinetic of a pho-
tocatalytic reaction follows the first-order reaction
[29]. To verify this, ln(C/C0) was utilized as a function
of the irradiation time. The results indicated that the
first-order model gives a better fit. The constant rate
values, k (min�1), had to be determined from the
straight-line portion of the first-order plots, as a func-
tion of the catalyst dosage and the obtained results
are summarized in Table 3.

The amount of leached Cd2+ was also measured
by atomic absorption spectroscopy, results the
determination of cadmium (N2O–C2H2 due to lower
detection limit for Cd determination than Air-C2H2,
k= 288.8 nm) and the obtained results showed no
considerable Cd2+ in the solution. This is due to low
solubility of CdS (pKsp= 27.7) in an aqueous solution.

This also shows photo corrosion of CdS which is very
low due to small irradiation time.

3.2.2. Effect of DMDS concentration

Decolorization of DMDS catalyzed by nCdS/A
under different DMDS initial concentrations was stud-
ied. DMDS act as a weak base and according to the
used concentrations the pH of solutions were between
7.8 and 8.2. As it is shown in Fig. 6 the extent of deg-
radation increases with increasing DMDS concentra-
tion up to 8 ppm, but above this concentration the
efficiency decreases. The elevation of DMDS concen-
tration causes decreasing catalytic efficiency and it
could be explained with interface reaction processes.
DMDS molecules are absorbed onto zeolite A before
they contact with nCdS active sites. Moreover, the
hydroxyl radicals have very short lifetimes about a
few nanoseconds and thus they should immediately
react where they are formed. Hence, increasing the
quantity of DMDS molecules per volume unit of the
solution considerably enhances the probability of colli-
sion between DMDS molecules and oxidizing OH spe-
cies, causing an increase in the degradation efficiency
[20]. With increasing the initial concentration, a bigger
amount of DMDS molecules could be adsorbed on the
surface of the catalyst. This reduces generation of
hydroxyl radicals because of the presence of fewer
active sites for the adsorption of hydroxyl ions [20,30].
Also there is a competition between intermediate
products of DMDS degradation and DMDS molecules
for the limited adsorption sites and the result of the
competition is blocking CdS active sites [30]. On the
other hand, the decrease in efficiency in high concen-
tration of DMDS could be attributed to insufficient
number of OH radicals [31]. In addition, at higher
concentrations of DMDS, some photons would be able
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Fig. 5. Effect of nCdS/A dosage on the decolorization
extent of DMDS, (initial concentration of DMDS=7ppm
and in its natural pH=8.2).

Table 3
Reaction rate constants of DMDS degradation as a function
of various experimental parameters

Investigated parameter Value k� 10 (min�1)

Catalyst mass (g L�1) 0.1 3.24

0.3 4.23

0.7 2.32

CDMDS (ppm) 1 3.15

2 3.32

6 2.82

8 5.85

10 5.74

pH 1 3.52

3 3.74

7 2.64

9 1.22
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Fig. 6. Effect of initial concentration of the DMDS on the
decolorization extent of the pollutant using 0.3 g L�1 of
nCdS/A and in their natural pH=7.8–8.2.
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to be absorbed by DMDS molecules before they could
reach to catalyst surface. This in turn reduces
absorption of photons by the catalyst and conse-
quently generation of hydroxyl radicals and finally
the degradation efficiency.

The constant rate value, k (min�1), had to be deter-
mined from the straight-line portion of the first-order
plots, the obtained results as a function of the DMDS
concentration are summarized in Table 3.

3.2.3. Influence of initial solution pH

The pH of the solution affects on the photodegra-
dation efficiency of the used catalyst due to the pH
dependent of the different influencing properties such
as semiconductor’s surface charge state, flat band
potential, and dissociation of compounds in the solu-
tion. In order to evaluate the influence of the initial
solution pH, decomposition of DMDS in solutions
with different pH from 1 to 9 was studied. As it is
shown in Fig. 7, initial loss of DMDS was decreased
by increasing in pH that may be explained with the
different capacities of the surface of the catalyst in
various pH values. The best degradation efficiency
and also the rate constant values (as shown in Table 3)
were observed at pH range of 1. In our idea the sur-
face charge of the catalyst at various pHs plays an
important role on the degradation extent of DMDS. In
the strong acidic pHs, the charge of the surface of the
catalyst is positive due to the high surface adsorption
of protons by catalyst surface. The energy difference
between 3p orbital of sulfur and 1s orbital of proton is
high (with respect to 2p orbital of sulfur and 1s orbital
of proton). This reduces the overlapping of free elec-
tron pairs of sulfur atoms in DMDS and the vacancy
orbital of proton. On the other hand, in this condition
the probability of protonation of free electron pairs of

sulfur atom is low. In this case, electro statistic force
between the positive charge and free electron pairs of
DMDS bring more DMDS molecules near the catalyst
surface and hence the photodegradation efficiency
increases. Hence, with increasing the pH, the surface
charges of the catalyst being more negative. This
increases the repulsion between the negative charges
of the catalyst surface and free electron pairs of sulfur
atoms. Hence, the degradation extent of DMDS
decreases. At high concentration of �OH (or higher
basic pHs), reaction of �OH with �OH yields H2O

�
2

and HO�
2 radicals. The reactivity of these radicals with

pollutant is less than �OH. In addition, due to the
presence of high amounts of �OH radicals, the radi-
cal–radical reactions take place at higher pH values
[32]. In our idea, with duration of time, some
adsorbed DMDS molecules can be desorbed from the
catalyst surface and cause to decrease in the removing
efficiency of the process in higher irradiation times.

The rate constant value, k (min�1), had to be deter-
mined from the straight-line portion of the first-order
plots, the obtained results as a function of the solution
pH are summarized in Table 3.

3.2.4. Effect of zeolite

To verify the influence of zeolite in DMDS degra-
dation, the amount of nano CdS embedded onto the
zeolite should be evaluated (via determination of Cd2+

by atomic absorption spectroscopy) which was found
to be about 0.249mmole CdS per gram of the catalyst.
DMDS degradation efficiency by exposed nanoCdS
particles (a 3 ppm nanoCdS suspension) was then
studied under the same experimental conditions. The
affinity of naked CdS nano particles for aggregation
can explain the decrease in efficiency in the absence of
the zeolite matrix. The role of the zeolite might be cor-
related with the adsorption process, in the sense of
high surface area and the decrease of particle size
[33]. In our idea, in the absence of zeolite, CdS parti-
cles tend to aggregate that causes a decrease in the
active surface sites. But in the case of CdS incorpo-
rated zeolite, regarding to a small and definite pore
size of zeolite, there are small particles of CdS in the
zeolite that increase the available active sites of cata-
lyst [34]. This in turn, causes an increase in the photo-
degradation efficiency. Catalytic efficiency of zeolite A
during the degradation process was also studied in
the above-mentioned conditions. Based on the
achieved results no considerable degradation was
exhibited in the absence of nano CdS particles. On the
other hand, these results show that the responsible
active centers for the degradation of DMDS are nano
CdS particles loaded on the zeolite.
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Fig. 7. Effect of solution pH on the decolorization
efficiency of DMDS, (initial concentration of the
pollutant = 8 ppm and 0.3 gL�1 nCdS/A).
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3.2.5. A comparison between the photocatalytic
activities of different catalysts

Fig. 8 shows DMDS decomposition efficiency
under UV irradiation in the presence of different
photocatalysts. As the graph shows no considerable
degradation was observed when bulk CdS is used as
the photocatalyst. It means that bulk CdS has not a
good photocatalytic activity for DMDS degradation. It
is also seen that CdS nano particles decompose DMDS
in a higher rate in comparison with that of the bulk
CdS sample. On the other hand, due to aggregation of
bulk CdS particles the ratio of catalyst surface to vol-
ume will reduce. Decrease in the effective surface area
of bulk CdS decrease the available active CdS sites to
expose with photons and also surface adsorption of
the pollutant molecules. These in turn decreases the
degradation extent of DMDS [30,35]. Indeed the
number of electron/hole pairs on the surface of a
semiconductor verifies photocatalyst reactivity. For
semiconductors with large particles, the distance the
electron/hole pairs have to move from crystal edge to
the surface of photocatalyst is rather long. Therefore,
the possibility of electrons/holes recombination dur-
ing immigration time is increased. But in the case of
nano particles, the travel length is short and elec-
trons/holes can participate in the reaction process
before recombination [35–38]. Therefore nano-scale
semiconductors are superior to their bulk counterparts
due to the changes in band-gap, morphology, surface
area, and generating surface defects.

However as the graph shows, naked nano CdS
particles demonstrate lower reactivity in comparison
with nano CdS/A in DMDS degradation process. The
high accessibility of CdS when it is gathered inside

the zeolite channels, the presence of zeolite as a secure
host to support the loaded CdS particles from photo-
corrosion, and the polarization power of the zeolite
channels could prevent charge recombination between
electrons and holes that causes increasing CdS activ-
ity. Therefore, zeolites with cages and channels to pre-
pare controlled particle size of semiconductors, higher
surface area, unique nano-scaled pores structure, ion
exchange properties, thermal stability, hydrophobic,
and hydrophilic properties and eco-friendly nature
can be used as a confident system to corporate with
semiconductors for creating an efficient photodegrada-
tion process [39]. It is also seen in the graph that using
CdO/A as the photocatalyst leads the degradation
process to continue with a higher rate in comparison
with bulk CdS, and lower rate in comparison with the
other mentioned CdS samples. This issue can be
explained by the fact that particle size, band-gap
energy, the crystal structure, morphology, phase
composition, size, and shape of a semiconductor
determine its photoreactivity [40]. It can be also clari-
fied with the lack of zeolite in the bulk CdS system
during photocatalysis process. The photocatalytic effi-
ciency also depends on the adsorption dynamics of
substrate and intermediates, the electronic interaction
between semiconductor and adsorbates, and the band
structure [41]. To close the above research, the photo-
decomposition efficiency is found to decrease in the
order:

nanoCdS=A[ nanoCdS[ CdO=A[ bulk CdS:

The results of the present work agree with those of
our previous work [9].

4. Conclusions

Nano CdS particles loaded on zeolite A can be uti-
lized as the main active centers for decomposition of
DMDS aqueous solution under UV irradiation in a
photodegradation process. The photocatalyst shows
more activity compare to CdO/A, the naked and bulk
CdS particles. In the presence of nano photocatalyst
the degradation efficiency is increased due to increas-
ing in active surface of photocatalyst and also acceler-
ating in traveling rate of electrons/holes to the surface
of the catalyst. The Zeolitic bed is as a support in this
study which helps photodegradation process becomes
more efficient. The use of a combination of nano CdS
as a photocatalyst and zeolite A as a support render
the reaction interesting from both economical and
environmental points of view and therefore, this
system facilitates its industrial applications.
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Fig. 8. Effect of zeolite in the decolorization process of
DMDS, (initial concentration of the pollutant = 8 ppm,
DMDS natural pH=8.2 and 0.3 gL�1 nCdS/A).
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