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ABSTRACT

The nanocomposites of Zn,Cd, ,S were synthesized via controlled co-precipitation. The X-ray
diffraction pattern, transmission electron microscopy image and BET method were used to
characterize the synthesized nanocomposites. The cubic structure of nanocomposites were
confirmed using X-ray diffraction pattern. The photodegradation of congo red, methyl orange,
methyl red and methylene blue catalyzed by prepared nanocomposites was studied under sim-
ulated solar irradiation. The Zn ,Cd, S show the highest photoactivity among nanocomposites.
The effect of samples pH and Zn ,Cd, S dosage were adjusted to optimize the photodegrada-
tion process of dyes. The degradation efficiency of 95% were obtained within 20 min for congo
red and 60 min for other dyes with initial concentration of 10 mg/I. The Zn ,Cd, S indicate the
stability in samples with pH of 3-11. The mineralization of dyes was confirmed using determi-
nation of chemical oxygen demand of solutions after photodegradation process.
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1. Introduction

It is essential to synthesize the nanocomposites
in order to manipulate the photocatalytic activity and
enhance the functionality of semiconductor nanostruc-
ture. The band-gap is one of the factors that can influ-
ence on the photocatalytic activity of semiconductor
nanocomposites. Therefore, the synthesis of nanostruc-
tures with different compositions is one of the attrac-
tive research fields in recent years [1,2]. The band-gap
and hence of the photocatalytic activity of Zn,Cd, .S
nanocomposite changes with the composition. This
nanostructure can produce hydrogen gas under visible
light irradiation and also promising materials for high-
density optical recording and short wavelength laser
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diodeapplications [3,4]. The thin films of this composition
with wide band-gap have abroad application in devices
such as solar cells and photodetectors [5-7]. Microemul-
sion, hydrothermal and precipitation methods were used
to synthesis of Zn,Cd, ,S nanocomposites [3,8,9].

Dyes and pigments show one of the problematic
groups in environment. They are arrived into waste
waters from various industrial such as dye manufactur-
ing and textile finishing and also from food coloring,
cosmetics, paper and carpet industries [10,11]. About
1-20% of the total world production of dyes is lost dur-
ing the dyeing process and released in the textile efflu-
ents. It is well known that some azo dyes and their
degradation products such as aromatic amines are
highly carcinogenic [12-14]. Among the various meth-
ods for removal of the textile dyes from wastewater
such as adsorption, biodegradation, chlorination and
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ozonation, photodegradation is found as an emerging
technology. The total mineralization of most of organic
pollutants is the significant advantage of this method
[15,16]. The use of semiconductors such as TiO,, ZnS,
Zn0O, CdS, Fe,0, and so on in photodegradation process
as photocatalyst is one serious technique for increasing
the rate of destruction. The high photocatalytic activity,
resistance to photocorrosion, low cost, non-toxicity and
favorable band-gap energy are the advantages of a wor-
thy suitable photocatalyst. Thus, synthesis of different
photocatalysts with various compositions and study of
organic pollutants destruction can be an attractive field
of researches [17,18].

In this article, we report the synthesis and charac-
terization of Zn Cd,_ S nanostructure particles. Also,
photodegradation of congo red (CR), methyl orange (MO),
methyl red (MR) and methylene blue (MB) catalyzed by
prepared nanoparticles was presented in this article.

2. Experimental
2.1. Synthesis and characterization of nanocomposits

The nitrate salts of zinc and cadmium and sodium
sulfide as precursor were used to prepare the Zn Cd, S
nanoparticles. The major chemicals were of reagent
grade with highest purity and double distilled water
was used to prepare solutions. 50 ml of 0.1 M Na,S solu-
tion in a decanter vessel was added drop by drop into
50 ml of 0.1 M zinc and cadmium ions solution while
the mixture was stirred vigorously at room tempera-
ture. The precursor solution is contain X ml 0.1 M of
zinc nitrate and 50-X ml 0.1 M of cadmium nitrate. The
X values are 50, 45, 40, 35, 30, 25, 20, 15, 10, 5 and 0.
Thus, the Zn Cd, .S nanocomposits with X values 1,

N
N
| - |
CH, cl CH,

Methylene blue

0.9,0.8,0.7,0.6,0.5,0.4,0.3,0.2, 0.1 and 0 were obtained
as precipitated particles. The particles were separated,
washed with deionized water and ethanol several times
and dried in an oven at 80°C for 4 h.

The real content of Zn** and Cd* ions in Zn,Cd,_S
was determined using atomic absorption spectroscopy
(AAS) method by using AA-6200 Shimadzu. A 0.2 g
sample dissolves in least amount of nitric acid 2.0 M
and the obtained solution dilutes in a volumetric flask
of 50.0 ml. The absorbance of standard and sample
solutions of zinc and cadmium ions was measured at
wavelengths of 213.8 and 228.8 nm, respectively. A dif-
fractometer Bruker DSADVANCE Germany with Cu
anode (4 = 1.5406 A) and Nii filter was applied to record
the XRD patterns of nanocomposits. The morphology
and grain size of nanocomposits were observed by a
JEOL JEM-1200EXII transmission electron microscope
(TEM) operating at 120 kV.

2.2. Photodegradation of dye pollutants

The photodegradation of CR, MO, MR and MB cata-
lyzed by Zn Cd, _ S nanoparticles was performed in a
Pyrex reactor at 25°C. The structure of dyes is shown in
Fig. 1.

A 1000 W xenon lamp equipped with a cutoff filter
of 350 nm was used as source irradiation. The reactor
was filled with 50 ml of 5.0-50.0 mg/1 of dye sample
and 0.1-1.0 g/1 of nanocomposite. The absorbance of
samples before and after photodegradation at 4__ of
dyes was used to determine the degradation efficiency.
The absorbance of samples was measured by a UV-Vis
spectrophotometer Carry-100 using a paired 1.0 cm
quartz cell. The Millipore membrane filters and centri-
fuge of samples were used to remove the particles.

SO, Na'

H,C 4N4©7803H H,C._ 4N
el =
H,C -

Methyl orange

Fig. 1. The structure of dyes.

Methyl red
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The rate of decolorization was estimated from resid-
ual concentration of dye by spectrophotometric method
and degradation efficiency was calculated by Eq. (1)

%Degradation = 100 x [1- (C,/C )] 1)

where C and C, are dye concentration at initial and time
t, respectively.

Chemical oxygen demand (COD) was measured by
the dichromate reflux method. The stability of Zn ,Cd, S
nanocomposite was studied by subjecting the irradi-
ated solutions to AAS analysis. The concentrations of
Zn* and Cd* in solution resulting from dissolution or
photocorrosion were determined.

3. Results and discussion
3.1. Characterization of Zn,Cd, S nanocomposite

The composition of nanocomposites was character-
ized by determination of zinc and cadmium ions using
AAS method. The mole fractions of zinc and cadmium in
prepared composites are given in Table 1. The obtained
results confirm the formation of composites.

Ithasbeen reported that ZnS and CdS may have either
cubic or hexagonal structure, depending on the synthesis
conditions such as synthesis temperature and precursor
concentration. The XRD patterns show the cubic struc-
ture for all of Zn,Cd, .S nanocomposites. As a sample,
the XRD pattern of Zn ,Cd, S was shown in Fig. 2.
The existence peaks at 20 of 28 7°,47.5° and 56.1° corre-
spond to the (11 1), (22 0) and (3 1 1) planes of the cubic
phase of nanocomposite, respectively [19]. The Zn,Cd, ,S
nanocomposite is a solid solution. The values in elec-
tronegativity of Cd (1.69) and Zn (1.65) are very close,
which is favorable to form a solid solution alloy [3].

The crystalline sizes of the prepared nanoparticles
are estimated from the Scherrer equation [20] that is
indicated by Eq. (2)

092
pcos @

@)

where D is the crystalline size, A is the wavelength of
the incident X-ray (0.15406 nm), 61is the diffraction angle
of the (1 1 1) peak of the cubic phase, and S is the half-
width. The size of Zn ,d, S particles was obtained
5.7 nm accordance to the Scherrer equation. Transmis-
sion electron microscopy (TEM) images of Zn ,Cd, S
nanocomposite is shown in Fig. 3. The particles size less
than 50 nm were confirmed with respect to the TEM
image. The specific surface area of Zn ,Cd S nanocom-
posite was obtained 145 m?/g by using BET method [21].

Table 1
The mole fractions of zinc and cadmium in composites
Composite X, Xy
Zn Cd S 0.08 0.92
Zn Cd S 0.19 0.81
Zn Cd S 0.32 0.68
Zn Cd S 043 0.57
Zn Cd S 0.48 0.52
Zn Cd S 0.58 0.42
Zn Cd S 0.67 0.33
Zn Cd S 0.82 0.28
Zn Cd S 091 0.09
1200
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Fig. 2. XRD pattern of Zn ,Cd, S nanocomposite.

3.2.  Degradation
nanocomposites

of dyes catalyzed by Zn,Cd, S

The photocatalytic effect of Zn,Cd, ,S nanocom-
posites (0.1 g/1) on degradation efficiency of CR within
20 min and MO, MR and MB within 60 min with initial
concentration of 10 mg /1l at pH 7 were indicated in Fig. 4.
As seen, Zn,,Cd S show the highest photocatalytic
effect and thus the highest photodegradation efficiency
was observed in the presence of Zn ,Cd, S as photocat-
alyst. ZnS and CdS as semiconductors have band-gap
energy of 3.54 and 2.42 eV at 300 K, respectively. Appar-
ently, the band-gap of nanocomposite is decreased with
increasing the mole fraction of Cd in Zn,Cd,_,S. As
the band-gap gets narrower, the absorption spectrum
moves into visible light range [3]. Thus, the production
of electrons and holes are increased in conductance and
valance bands, respectively, under simulated sunlight
irradiation. The band-gap position of the Zn Cd, ,Ssolid
solutions can be adjusted by changing the ratio of the
composition of CdS to that of ZnS. Generally, the more
negative potential of the conduction band of the Zn,Cd,
S solid solution shows the more photocatalytic activity.
However, the photoreactivity of nanocomposites with
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Fig. 3. TEM image of Zn ,d, S nanocomposite.

90
go{OCR EWMO OMR OMB
70
60 - il
50
40 -
30
20 -
10

% Degradation

0" T T T T T T L L
65 9O O HL O O D O L L o
WERPFPIFFRELLE TS
[ O N e i s s e S
O7 O O L7 O O O O 0
0?’ Qib 0/‘\ Q‘b 00'3 QP‘ 0('2) 0(} Q"\
AT AT AS AT AS AT A A4S

Fig. 4. Degradation efficiency of CR within 20 min and MO,
MR and MB within 60 min.

X values of 0.3-0.5 is very similar because the band-gap
and the surface morphology of these solid solutions are
nearest together [2]. The CdS semiconductor with band-
gap 2.42 eV show a recombination of the charge carries
within surface states. Thus, a decreasing of photocata-
lytic activity was seen with increasing the mole fraction
of Cd (X, > 0.6) in Zn,Cd, .S nanocomposites. Because,
decreasing of band-gap is due to increasing probability
of recombination of electrons and holes [22,23].
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3.3. Optimization of photodegradation process

The parameters such as sample pH and dosage of
photocatalyst influence on the degradation efficiency of
a pollutant. The surface charge of catalyst and the charge
of pollutant molecules are dependent pH [24]. As a
consequence, the sample pH influence on the adsorp-
tion of pollutant molecules on the catalyst surface. The
effect of pH on the photodegradation of dyes catalyzed
by Zn ,Cd S was studied in pH range of 2-12. The
studies were performed at initial concentration 10 mg/1
of dye and 0.1 g/1 of catalyst. The pH of sample solu-
tions was adjusted with adding of suitable amounts of
HCl and NaOH with concentrations of 1.0 x 10 M. The
results are shown in Fig. 5 within 20 min for CR and 60
min for MO, MR and MB.

As seen from Fig. 5, the highest degradation was
obtained at pH 3 for MO and MR. While, the degrada-
tion of 78% was observed for CR at pH 5-7 and 80% for
MB at pH 11. The isoelectric point (IEP) of ZnS and CdS
was observed at pH 7-7.5 [25]. Therefore, it is expected
that the IEP of Zn ,Cd, S composite, also, is occurred at
pH 7.0-7.5. Thus, the surface charge of catalyst is posi-
tive in pH < 7 and negative in pH > 7.5. On the other
hand, the charge of dye molecule is also different in
various pHs because the functional groups.

Fig. 6 shows the degradation efficiency of dyes in
different amounts of Zn ,Cd, S nanocomposite at range
0.1-0.7 g/1. The results indicate the increasing of degra-
dation with increasing the amount of photocatalyst from
0.1to 0.5 g/1 and then diminish with loading of photocat-
alyst above of 0.5 g /1. The increasing of the decolorization
rate may be due to the enhancement in the availability of
active sites and thus the increasing of the number of dye
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Fig. 5. The effect of sample pH on the degradation efficiency
of dyes catalyzed by Zn ,Cd .S nanocomposite within 20
min for CR and 60 min for MO, MR and MB.
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Fig. 6. Degradation efficiency of dyes (10 mg/I) catalyzed by
Zn, ,Cd, S composite in dosage of 0.1-0.7 g /1.

molecules adsorbed on the surface of catalyst as well as
the increasing the density of particles in the area of illu-
mination. At higher catalyst loading of 0.5 g/1, the degra-
dation of dye decreases because the activated molecules
are deactivated by agglomeration. The radiation penetra-
tion is decreased and the radiation scattering increase at
higher amounts of photocatalyst [26,27].

Experiments were performed to study the effect of
initial concentration of dyes in range of 10-50 mg/1 on
the rate of decolorization. The kinetic model for hetero-
geneous photocatalysis is in accordance with the Lang-
muir-Hinshelwood kinetic expression (Egs. (3)-(5)) [28]

_ d[dye] _ kK 4yc[dye]

dt 1+ Kdyc[dye]o = kobs[dye] (3)
_ o [dye]y
r=In [dye]t = kgpet 4)

In Egs. (3)~(5), [dye], is the initial concentration of
dye (mg/1), K dye is the Langmuir-Hinshelwood adsorp-
tion equilibrium constant (1/mg), k is the rate constant of
surface reaction (mg/l'min), and k , is the pseudo-first-
order rate constant (min™'). The obtained k, , K dye and
k values are shown in Table 2 and the kinetic curves of
photodegradation reactions are indicated in Figs. 7-10.
The rate of degradation of dyes was decreased with
increasing the initial concentration. The decrease of
degradation rate with enhancement the initial concen-

tration of dye is due to two reasons: (i) increasing of

Table 2

The pseudo-first-order rate constants, k , (min™), of
photocatalytic degradation at different initial concentration
(C,) of dyes, Langmuir-Hinshelwood adsorption
equilibrium constant (K dyer 1/mg) and rate constant of
surface reaction (k, mg/1-min)

Dye C,mg/l k Ky
10 20 30 40 50
CR 0198 0159 0.116 0.094 0.080 5.208 0.067
MO 0.043 0.036 0.030 0.025 0.022 1767 0.033
MR 0051 0.044 0.034 0.027 0.025 1818 0.042
MB  0.065 0.047 0.039 0.030 0.026 1718 0.062
0
e 10 mg/I
-1
020 mg/I
3 -2 .30 mg/|
Qj 40 mg/I
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Fig. 7. Plot of Ln(C,/C,) versus time at different initial
concentration of CR (10.0-50.0 mg/1).
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Fig. 8. Plot of Ln(C//C) versus time at different initial
concentration of MO (10.0-50.0 mg/1).
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Fig. 9. Plot of Ln(C,/C) versus time at different initial
concentration of MR (10.0-50.0 mg/1).
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Fig. 10. Plot of Ln(C,/C,) versus time at different initial
concentration of MB (10.0-50.0 mg/1).
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Fig. 11. Reusability of Zn ,Cd S nanocomposite in photo-
degradation process of dyes in 4-cycles.

dye molecules adsorbed on the surface of the catalyst
and decrease the active sites for generation of hydroxyl
radicals at the catalyst surface, (ii) increasing the adsorb
light by dye molecules and decrease the number of
photons could reach the photocatalyst surface [29,30].

3.4. The reusability and photocorrosion of Zn, Cd, S
nanocomposite

The Zn,,Cd S nanocomposite was used in 4-cycles
under simulated sunlight irradiation. After each cycle,
the nanocomposites are removed from sample, washed
with water and ethanol and treated at 50°C in dura-
tion 2 h. The repeatability of photocatalytic activity of
Zn, ,Cd, S on the dye degradation is shown in Fig. 11.

The ideal photocatalyst should possess the prop-
erties such as photoactivity, biological and chemical
inertness, stability toward photocorrosion, suitability
towards visible or near UV light, low cost, and lack of
toxicity [31]. The stability of Zn ,Cd, .S nanocomposite
was measured with determination of zinc and cadmium
ions in irradiated sample with initial dosage of 0.5 g/1
at pHs 3, 7 and 11. The results dissolution of nanocom-
posite are collected in Table 3. The negligible amounts of
dissolution show the stability of nanocomposite toward
photocorrosion in acidic, neutral and basic pHs.

3.5. Chemical oxygen demand

In addition to absorbance measurements for decol-
orization studies, it is necessary to analyze the degree
of mineralization of the dyes to evaluate the degrada-
tion level applied under simulated sunlight irradiation
using Zn ,Cd S nanocomposite. COD values have
been related to the total concentration of organic materi-
als in the solution and the decrease of COD reflects the
degree of mineralization. The mineralization efficiencies
obtained after 20 min for CR and 60 min for MO, MR
and MB are shown in Fig. 12. Also, the mineralization
efficiency of a sample contains all of dyes after 120 min
is indicated in Fig. 12. The maximum mineralization of
80% was obtained in CR degradation. The mineraliza-
tion efficiency of 50% a sample contains dyes show the

Table 3

Dissolution of zinc and cadmium ions as weight percent
(w/w%) in irradiated solution at different pHs

M2+ pH

3 7 11
Zn* 0.29 0.04 0.21
Cd* 0.30 0.03 0.20
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Fig. 12. The ratio of COD/COD, after 20 min for CR, 60 min
for MO, MR and MB and 120 min of irradiation for a sample
contain all of dyes.

Dyes

photocatalyst activity of proposed nanocomposite. The
COD value after irradiation indicates that there is still
a residual amount of organic compounds, consisting of
low mass molecules such as aldehydes and carboxylic
acids in the treated solution [32]. It is noticed that the rate
of decolorization is faster than the mineralization. As a
result, the dyes do not oxidized completely into CO, and
H,0, because in most cases, reaction intermediates are
formed in solution during the degradation of the dyes.

4. Conclusion

The coprecipitation method can be used to synthesis
of Zn, ,Cd, S nanocomposite. The Zn ,Cd S nanocom-
posite show photocatalyst property in photodegrada-
tion process of dyes such as congo red, methyl orange,
methyl red and methylene blue. The Zn ,Cd, S is not
soluble in samples with pH of 3, 5 and 11. The proposed
photocatalyst is reusable at least four times after treat-
ment at 50°C. The mineralization of dyes was achieved
at time less than 60 min with respect to the COD values.
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