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ABSTRACT

In this work, Zn;_xCuxS and Zn;_xNixS nanocomposites were synthesized by using a controlled co-
precipitation. The nanocomposite materials were characterized by the use of UV-Vis spectra, atomic
absorption spectroscopy, X-ray diffraction patterns, transmission electron microscopy image and
Brunauer-Emmett-Teller method. For Zn;_xCuxS and Zn;_xNixS nanoparticles, the X-ray diffraction pat-
terns show the zinc-bland crystal structure. The blue shift in band-gap of ZnS was observed through
incorporation of Cu?* and Ni?* ions. The Congo red photodegradation was performed to study the pho-
toactivity of prepared nanocomposites under UV-Vis irradiation. The effect of dopant mole fraction,
dosage of photocatalyst and pH of samples were considered on the decolorization rate of dye and pho-
toactivity of nanocomposites. The maximum degradation of dye was obtained at pH 5-7. The Zng 94Nig06S
and Znp99Cup10S nanocomposites show the highest photoactivity. The influence of hydrogen peroxide
and several anions were studied on the photoactivity of proposed catalysts. Also, the reproducibility of

nanoparticles behavior as photocatalyst shows at least a four cycles of photodegradation process.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

A large number of studies have been devoted to the synthesis
of II-VI semiconductors because of their interesting physical and
chemical properties including size quantization, catalytic proper-
ties and optical properties. These semiconductors include oxides,
sulfides, and selenides and so on. In particular, these semiconduc-
tors exhibit a good absorption in a visible-light region. Therefore,
these compounds can be used as photocatalysts in a number of
processes [1-3].

ZnS is a semiconductor with a wide band-gap semiconductor
that has wide applications, e.g. UV-light emitting diodes, efficient
phosphors in flat-panel displays and photovoltaic devices [4]. The
doping of ZnS with transition metals such as Mn, Ni, Fe and Ag is
interesting for researchers for the effect of dopant on the photolu-
minescence and photoactivity properties of the semiconductors.
The effect of iron as dopant in the photoluminescence of ZnS
nanoparticles shows a blue shift of the fundamental absorption
edge by the increasing of iron. Substitution of Zn in ZnS with
Fe and Ni shows similar variations in band-gap. Hence, particle
size as well as the dopant concentration of X in Zn;_xMyS, shows
a blue shift in absorption edge. While, such variations are not
observed on substitution of Zn with Mn because of the sulfides of
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Zn and Mn are isostructural. Also, the experimental results show
a considerable change in the photoluminescence spectra of ZnS
nanoparticles doped with Co and Fe. Also, the lifetimes suggest a
new additional decay channel of the carrier in the host material
[5-7].

Textile dyes and other industrial dyestuffs constitute one of the
largest groups of organic compounds, which represent an increas-
ing environmental danger. Waste waters generated by the textile
industries contain considerable amounts of non-fixed dyes, espe-
cially azo dyes, and huge amount of inorganic salts. Azo dyes with
aromatic moieties linked together by azo (-N=N-) chromophores,
represent the largest class of dyes used in textile processing and
other industries. Approximately 50-70% of the dyes are aromatic
azo compounds [8,9]. It is well known that some azo dyes and
their degradation products such as aromatic amines are highly car-
cinogenic [10,11]. Physical methods such as adsorption, biological
methods (biodegradation) and chemical methods such as chlori-
nation and ozonation are the most frequently used methods for
removal of the textile dyes from wastewater. Physical methods
such as flocculation, reverse osmosis and adsorption onto activated
carbon are not destructive but only transfer the contamination from
one phase to another, a different kind of pollution is faced and fur-
ther treatments are required. By considering these limitations, the
advanced oxidation processes have been extensively investigated
[12-15]. Among these processes, heterogeneous photocatalysis is
found as an emerging destructive technology leading to total min-
eralization of most of organic pollutants.
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The aim of this article is to study the photodegradation kinetic
of Congo red (CR) catalyzed by Zn;_xCuxS and Zn;_xNixS nanopar-
ticles.

2. Experimental
2.1. Materials

All chemical reagents were analytical grade and prepared from Merck and Fluka
Companies. Double distilled water was used to prepare aqueous solutions. The salts
of ZnCl,, NiCl,-6H,0 and CuCl,-2H,0 were used as sources of metal ions. Also, the
sodium sulfide (Na,S-9H,0) salt was used as precipitation reagent of metal ions.
2-Mercaptoethanol (2-hydroxyethanthiol, HOCH,CH,SH) was applied as capping
agent in precipitation process of zinc sulfide.

The Congo red (Cs;H22NgNa;0gS;) stock solution with concentration of
1000 mg/L was prepared by dissolving of Congo red powder (C.I. 22120) in dou-
ble distilled water. The NaOH and HCI (Merck) were used to adjust pH of samples.
The salts Na,COs, NaCl, Na,SO4 (all from Merck) were applied to study the effect
of carbonate, chloride and sulfate anions on the photodegradation of dye. The iso-
propyl alcohol (Fluka) was used to prepare solutions of nanoparticles for UV-Vis
spectra.

2.2. Preparation of nanoparticles

The nanoparticles of Zn; _xMxS (M = Ni or Cu, X=0,0.02,0.04,0.06,0.08 and 0.10)
were prepared by the use of co-precipitation method in which 100 mL solution of
0.01 M Zn?* and M?* with mole ratio of [M?*]/[Zn?*]=0.00, 0.02, 0.04, 0.06, 0.08 and
0.10. Also, 50 mL solution of 0.1 M 2-mercaptoethanol was added into a three-vent
balloon. Then, 100 mL solution of 0.01 M sodium sulfide (Na,S-9H,0) was added to
the balloon drop by drop by a decanter vessel under nitrogen atmosphere in which
the mixture was stirred by a magnetic stirrer vigorously at the room temperature.
The precipitated nanoparticles of Zn;_xMxS were separated at a centrifuge with
3000-4000 rpm within 10-15 min and were washed by water and isopropyl alcohol.
The cleaned particles were heated to dry in an autoclave at the temperature of 100 °C
within 2 h.

2.3. Characterization of nanoparticles

The UV-Vis absorption spectra of 10mM solutions of nanoparticles as sol
transparent samples in isopropyl alcohol were recorded by a UV-Vis spectropho-
tometer Perkin-Elmer Lambda 2 at the room temperature. A diffractometer Bruker
DSADVANCE Germany with anode of Cu, wavelength: 1.5406 A (Cu Ka) and filter
of Ni, was used for X-ray powder diffraction (XRD) patterns. The content of M2*
ions (Ni?* or Cu?*) in Zn;_xMyxS was determined via atomic absorption spectropho-
tometer (AAS) AA-6200 Shimadzu. The size of nanoparticles was measured by a
JEOL JEM-1200EXII transmission electron microscope (TEM) operating at 120 kV.
The supporting grids were formvar-covered, carbon-coated, 200-mesh copper grids.
BET (Brunauer-Emmett-Teller) surface area of nanoparticles was determined by
Monosorb Quantochorom.

2.4. Photodegradation of Congo red

The bleaching of Congo red catalyzed by Zn;_xNixS and Zn;_xCuxS nanoparticles
was studied under UV-Vis irradiation. A photodegradation reactor system including
a cylindrical Pyrex-glass cell was used to perform the experiments. A low pressure
mercury vapor lamp (40 W) with radiation wavelength of 332 nm was placed in a
5 cm of Pyrex-glass cell. The photoreactor was filled with 100 mL of 5.0-20.0 mg/L
of Congo red as pollutant and 0.1-1.0g/L of nanoparticles of Zn;_xMxS. The tem-
perature of the reactor was kept at 25 °C by a water-cooled jacket on its outside. A
magnetic stirrer was used to ensure that the suspension of the catalyst was uniform
during the course of the reaction. A Millipore membrane filters were used to collect
the samples at regular intervals; and the nanoparticles were removed by centrifuge.

The absorbance of Congo red samples at Amax of 510 nm was measured by an
UV-Vis spectrophotometer Perkin-Elmer Lambda 2 by a paired 1.0 cm quartz cell.
The decrease of absorbance of samples at Amax of dye after irradiation in a certain
time shows the rate of decolorization and, therefore, photodegradation efficiency of
the dye. The degradation efficiency can be calculated as:

%D = 100 x [%} =100 x [M} 1)
0

where Cy and C; are the initial concentration and the concentration of dye in time
of 0 and t, respectively; Ap and A; are the initial absorbance and the absorbance of
sample in time t, respectively; and t is the irradiation time of sample.
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Fig. 1. X-ray diffraction patterns of ZnS, Zng 94Nig.0S and Zng goCug.10S nanocrystals.

3. Results and discussion
3.1. Characterization of nanoparticles

The X-ray diffraction of Zngg4Nig S and ZnggpCug 10S nano-
sized powders at 20 of 15-75° is indicated in Fig. 1. The
nanoparticles exhibit a zinc-bland crystal structure. The three
diffraction peaks at 20 0f 28.7°,47.5° and 56.4° correspond to (11 1),
(220)and (311) planes of the cubic crystalline ZnS [16,17]. There
is a negligible shift in 26 of peaks of Zng g4Nig S and Zng goCug 10S
in comparison to ZnS. Apparently, this shift is due to the existence
of Ni2* or Cu?* in crystal of ZnS. But, the XRD patterns show the
absence of NiS and CuS as separately phase in the samples. The aver-
age of particles size was obtained by the Debye-Scherrer relations
[18] and found to be about 2.0-10.0 nm.

The UV-Vis spectra of the solutions containing ZnS, Zng 94 Nig g5S
and Zng g9Cug.10S nanoparticles are shown in Fig. 2. The semicon-
ductor of ZnS with band-gap of 3.68 eV shows an absorption edge
in wavelength of 337 nm [19]. While, the nanoparticles of ZnS,
Zng.g4Nig oS and ZngggCug 10S show absorbance edge in wave-
length range of 260-280 nm. Thus, this blue shift in absorption
edge is due to the decreasing of the particles size, and increasing
of band-gap energy from 3.68 to 4.41-4.75 eV. Thus, increasing the
band-gap energy of ZnS semiconductor is the result of decreasing
particles size and doping of nickel and copper ions [6]. The trans-
fer of electrons from valance-band to conductance-band is occurred
with a suitable radiation. Therefore, electrons, e, and holes, h*, are
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Fig. 2. UV-Vis spectra of ZnS, Zngg4Nio S and ZnggoCug 10S nanoparticles in iso-
propyl solution from bottom to top. The inset of the figure shows the UV-Vis spectra
of ZnS particles.
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Table 1
The content of Ni?* and Cu?* in Zn;_xNixS and Zn;_xCuxS nanoparticles, respectively.

The amount of Cu in
Zn;_xCuyS, determined

The amount of Ni in
Zn;_xNixS, determined

The amount of X in
Zn;_xMxS, predicted

0.02 0.015 0.017
0.04 0.034 0.035
0.06 0.056 0.054
0.08 0.073 0.072
0.10 0.090 0.091

formed in valance- and conductance-bands, respectively. Recom-
bination of electrons and holes is one of the limitations of the
semiconductors as photocatalyst. The increase of band-gap energy
of a semiconductor determines the increasing of electrons and
holes life-times. Thus, it is expected to increase the photocatalytic
activity [20,21].

The content of Ni?* and Cu?* was determined by the use
of AAS method. The amount of 0.1000g of Zn;_xNixS and/or
Zn;_xCuxS nanoparticles dissolves in 2 M nitric acid and dilutes
up to ca. 100.0 mL with double distilled water. The concentrations
of Ni2* and Cu?* ions in sample solutions were determined from
absorbance data and calibration curves. The results are summarized
in Table 1. The results indicate that the doping of ZnS nanoparticles
with nickel and copper ions was carried out at the desired mole
fractions [22].

Fig. 3 shows the TEM image of ZnggoCug190S nanoparticles.
The nanoparticles size of <50 nm was confirmed by TEM image.
Nanoparticles were probably obtained through bond of sulfur end
of the 2-mercaptoethanol with sulfur in Zn;_xMxS nanocomposite.
2-Mercaptoethanol covers particles of zinc sulfide and these parti-
cles do not coalesce to form bigger particles, even after an extensive
period of time. Particles are suspended like colloids in solutions
[23,24]. The specific surface area of nanosized particles was mea-
sured by BET method. Specific surface areas of ZnS, Zng goCug.10S
and Zngg4Nig S were obtained 125, 132 and 128 m?/g, respec-
tively.

3.2. Photodegradation of Congo red

Fig. 4 shows the photodegradation efficiency of Congo red
(5.0mg/L) within 120min at the presence of Zn;_xNixS and
Zny_xCuxS (X=0,0.02,0.04, 0.06, 0.08 and 0.10) nanoparticles with
the amount of 0.1 g/L. The Znyg4Nig0sS nanoparticles indicate the
more photoactivity in comparison to pure ZnS nanoparticles. Also,
it is indicated from Fig. 4, the highest photocatalytic efficiency
was obtained in the presence of Zng goCug.19S nanoparticles. There-
fore, it is concluded that the mole fractions of 0.06 and 0.10 of Ni
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Fig. 3. TEM image of Zng9oCuo.10S nanoparticles.
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Fig. 4. The effect of mole fraction of nickel and copper dopants in Zn;_xMxS
nanoparticles in photodegradation of Congo red in duration time of 120 min.

and Cu, respectively, are suitable to increase the reactivity of ZnS
nanoparticles. For Zn;_xCuyS, the doping of Cu did not show any
improvement in photoactivity of catalyst in the range X>0.10.

The number and the lifetime of free carriers (electrons/holes) are
particle size- and dopant-dependent. The high surface area to mass
ratios of nanoparticles can greatly enhance the adsorption capaci-
ties of sorbent materials. There is an optimal dopant concentration
that influences on the reactivity of semiconductor particles. The
dopants ions serve as shallow trapping sites for the charge carriers
and increase the photocatalytic efficiency by separating the arrival
time of e~ and h* at the surface. It is possible that the dopant at high
concentration acts as a trap for both e~ and h*. Thus, the charge
carriers may recombine through quantum tunneling. However, if
dopant acts as an h* trap only, the recombination of the charge car-
riers is not of great concern at low dopant concentrations. Thus,
an optimum dopant concentration was needed for dopant as an e~
and h* trap or as an h* trap only [25-28].

Heterogeneous photocatalysis is a complex sequence of reac-
tions. The oxidation pathway is not yet fully understood. However,
Pirkanniemi suggested in 2002 that the heterogeneous photocatal-
ysis reaction follows five steps [28]. These are: “(i) diffusion of
reactants to the surface, (ii) adsorption of reactants onto the sur-
face, (iii) reaction on the surface, (iv) desorption of products from
the surface, and (v) diffusion of products from the surface”. There
are two routes through which OH radicals can be formed. The reac-
tion of the valence-band “holes” (h,,*) was occurred with either
adsorbed H,0 or with the surface OH~ groups on the ZnS nanopar-
ticle:

ZHS(th+) + Hzoads — 7ZnS + .OHadS +Ht (3)
ZnS(hyp*) + OH 35 — ZnS + *OHyqs (4)

In general, donor (D) molecules such as H,O will be adsorbed and
reacted with a hole in the valence-band. An acceptor (A) such as
dioxygen will also be adsorbed and reacted with the electron in the
conduction-band (e, ™). Thus, we can write:

Zns(hvb+) + Dads — ZnS + DadsJr (5)
ZnS(ech ) + Aads — ZnS + Azgs™ (6)

It is generally accepted that oxygen plays an important role here.
Oxygen can trap conduction-band electrons to form superoxide ion
(027*), which can react with hydrogen ion (formed by splitting
water), forming to form HO,*:

ZnS(ecg™) + O2ads +Ht - ZnS + HO»* — *0,~ +HT (7)
H,0, can also be formed from HO,* via:

ZnS(ecg~) + HOy* + HT — H,0, (8)



H.R. Pouretedal, M.H. Keshavarz / Journal of Alloys and Compounds 501 (2010) 130-135 133

70
—— Zn0.94Ni0.06S

60 4 —8— Zn0.90Cu0.108
=
2
= 50
=
=
S
oy
8 40
£

30 4

20 ‘ - . .

2 4 6 8 10 12
pH

Fig. 5. The effect of pH in photodegradation of Congo red catalyzed by Zng94Nig 0sS
and Zng goCug.10S nanoparticles in duration time of 120 min.

Cleavage of H,0, by one of the following reactions may yield the
OH radical:

H,0, + hv — 2°0OH (9)
H,05+057* — *OH + 0, +OH~ (10)
H,0, +ZnS(ecg~) — ZnS + *OH + OH~ (11)

Finally, the dye degrades by the attack of direct hole and hydroxyl
species [25,26]:

hy, ™ (ZnS) + dye — dye** — oxidation of the dye (12)

*OH,q4s + dye — degradation of the dye (13)

3.3. The effect of samples pH and dosage of nanoparticles

The effect of samples pH was studied in pH range of 3-11
(Fig. 5). The pH of samples was adjusted by HCl and NaOH with
concentrations of 1.0 x 10~2 M. As it is seen from Fig. 5, the highest
degradation efficiency was seen in pH of 5-7 and then decreased
with increasing of pH. The studies of zeta (¢) potential show that the
isoelectric point (IEP) of ZnS semiconductor is in pH of 7.0-7.5 [29].
Therefore, the surfaces of photocatalysts are positively charged in
acidic solutions and negatively charged in alkaline solutions. Congo
red molecule is ionized with two sulfonic groups in strong alkaline
media. It becomes a soluble Congo red anion. Therefore, in the acidic
and neutral solutions, Congo red molecules are easily adsorbed to
the surface of ZnS nanoparticles. However, at higher pH values (pH
>7), Congo red anions are generally excluded away from the neg-
atively charged surface of ZnS nanoparticles, so, degradation yield
decreases [30,31].

Fig. 6 illustrates photodegradation of Congo red in the dif-
ferent dosage of nanocatalysts of Zngg4NigggS and ZnggoCug 10S.
After soaking in the dark within 30 min, the samples contain var-
ious amounts of nanoparticles irradiated for 120 min. The highest
degradation efficiency is obtained at 0.8 g/L of nanophotocatalysts
because of increasing active sites. However, the decrease of degra-
dation at higher catalyst loading may be also due to deactivation of
activated molecules by collision with ground state molecules. At the
loading amount, some parts of the photocatalyst surface become
unavailable for photon absorption, and dye absorption [32,33].

3.4. The effect of initial concentration of Congo red and kinetic
rate constants

The photocatalytic degradation of various organic compounds
such as dyes at the presence of a heterogeneous photocatalyst
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Fig. 6. The effect of dosage of Zng94Nip0sS and ZnggoCuo.10S nanoparticles in pho-
todegradation of Congo red duration time of 120 min.

can be formally described by the Langmuir-Hinshelwood kinetics
model [34]:

. dC _ kKC

dt  1+KC
For low concentrations of dyes (KC« 1), neglecting KC in the
denominator and integrating with respect to time t, the above
equation can be simplified to the pseudo-first order kinetic model
equation:

(14)

In (%‘:) — KKt = Kappt (15)
where d(/dt is the rate of dye degradation (mg/L min), Cy and C; are
initial concentration and concentration at time t of the dye (mg/L),
respectively, k is reaction rate constant (min~1), K is the adsorp-
tion coefficient of the dye onto the photocatalyst particle (L/mg)
and kapp is the apparent rate constant calculated from the curves
(min~1). The Figs. 7 and 8 show the degradation efficiencies of
Congo red in different initial concentrations versus time catalyzed
by Zng 94NigsS and Zngg9Cug.10S nanoparticles, respectively. The
apparent rate constants of degradation at different initial concen-
trations of Congo red, kapp, were determined from the slope of the
plots of Figs. 9 and 10 in accordance to proposed kinetic model. The
apparent rate constants are given in Table 2.

As seen from Table 2, the apparent rate constants of pho-
todegradation of Congo red decrease with increasing the initial
concentration of dye. More dye molecules were adsorbed on the
surface of the catalyst as the initial concentration of dye increased.
Thus, the generation of hydroxyl radicals at the catalyst surface
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Fig. 7. The effect of initial concentration of Congo red on the degradation efficiency
in the presence of Zng94Nip06S nanoparticles(0.8 g/L) at pH 5.
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Fig. 8. The effect of initial concentration of Congo red on the degradation efficiency
in the presence of ZnggoCug.10S nanoparticles (0.8 g/L) at pH 5.
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Fig. 9. Kinetic data of photodegradation of Congo red in the presence of Zng 94 Nig 06S
nanoparticles.

Table 2
Apparent rate constants, kap, (min~), of Congo red degradation at different initial
concentrations in the presence of Zngg4Nig06S and Zng goCug 10S nanoparticles.

Kapp (Zng.94Nio06S) Kapp (Zno.90Cuo.10S)

CCongo red ( lTlg/L)

5.0 25.5x 1073 33.8x 1073
10.0 19.4x 103 21.5x 1073
15.0 12.5x 103 14.5x 103
20.0 9.2 %1073 11.6x103

was reduced since the active sites were occupied by dye molecules.
Moreover, as the concentration of dye increases, the dye molecules
were caused to adsorb light, with the result that fewer photons
could reach the photocatalyst surface [35,36].
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Fig. 10. Kinetic data of photodegradation of Congo red in the presence of
Zno.goCuo.10S nanoparticles.

3.5. Reproducibility of the photocatalysts behavior

The degradation efficiency of Congo red was shown in Fig. 11 in
the presence of Zng g4Nig 0gS and Zng ggCug 1S nanoparticles during
the four cycles of batch experiments. In each step of cycle exper-
iments, the nanoparticles were removed, washed with water and
ethanol and dried at 50 °C. The dried catalysts were used in degrada-
tion of dye under similar conditions. The decreasing of degradation
yield of Congo red after four cycles was 10%.

On the other hand, the loss of Zn2* ions to solutions as a result
of dissolution of photocatalyst was calculated by determination of
zinc ions in filtrate solutions by AAS method. Only less than 0.5%
loss of zinc was seen after four cycles of reuse of Zng g4Nig gS and
Zng 99Cuq 10S photocatalysts (0.8 g/L).

3.6. Effect of H,O, concentration

The rate of Congo red (20 mg/L) photodegradation catalyzed by
nanoparticles was investigated in the presence of hydrogen perox-
ide. The obtained results (Fig. 12) show that the rate of degradation
was increased with increasing the concentration of H,0, from O to
600 mg/L and then was decreased in higher concentrations of H,O5.
Due to improve the rate of photocatalytic degradation of organic
compounds, the oxygen and/or hydrogen peroxide can be decom-
posed. The mechanism of radical reactions of photodegradation can
be used for explanation of this dual effect of hydrogen peroxide.
In lower concentrations of H,0,, the added H,0, accelerate the
reaction through producing hydroxyl radicals from scavenging the
electrons and absorption of UV-light by the following reactions:

H,0,+e~ — *OH + OH- (16)
H;0,+057* — *OH + OH™ + 0, 17)
H202—|—h1} — 2°0OH (18)

But, in higher concentrations of H,O,, hydrogen peroxide reacts
with hydroxyal radical or acts as hole scavenger to form the per-
hydroxyl radicals (HO,*), which is a much weaker oxidant than
hydroxyl radicals [35,37].

H,0, +°OH — H,0 + HO,* (19)
H,0, +h™ — Ht +HO,* (20)

Thus, the photodegradation rate of Congo red reduces in higher con-
centrations of hydrogen peroxide (>600 mg/L) by competing H,0,
and dye for available hydroxyl radicals.

3.7. Effect of anions

The dye wastewater discharged from paint and dyestuff indus-
trials often contain many organic and inorganic chemicals such as
anions of salts. Thus, the photodegradation efficiency of Congo red
was studied in the presence of anions such as carbonate, sulfate
and chloride the same as real samples. A reduction of 3-30% in
degradation efficiencies was observed with increasing the anions
concentration from 250 to 1500 mg/L. The reduction of dye degra-
dation is because of two reasons: (1) these anions can block the
surface of heterogeneous catalysts and therefore, the active sites
of catalysts were decreased for absorption of dye and interme-
diate molecules; (2) these anions could act as hydroxyl radical’s
scavengers [35,38]:

C0O3%2~ 4+°*0OH — CO3~* + OH~ (21)
S04%~ +°0H — SO4~* + OH~™ (22)
Cl~ +°*0OH — ClI* + OH" (23)
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The products of reactions of Egs. (21)-(23) are radicals and hydrox-
ide ions. But, oxidation potential of radicals is less positive than
hydroxyl radicals [38]. Thus, the reducing of *OH concentration
determines the decreasing of photodegradation efficiency.

4. Conclusions

A simple controlled-precipitation method can be applied to
prepare Zn;_xMyxS nanoparticles with Ni and/or Cu dopants. The
prepared nanoparticles show a catalytic activity in Congo red pho-
todegradation process. The mole fractions of 0.06 and 0.10 for nickel
and copper, respectively, in Zn;_xMxS nanoparticles show the high-
est photocatalytic activity at pH 5 and 0.80 g/L of catalyst within
120 min. The kinetic rate constants of degradation were decreased
by the increasing of initial concentration of Congo red. The degrada-
tion efficiencies decrease in the presence of anions that are usually
in real water samples. An increase of degradation efficiency up to
20% was observed in the presence of 600 mg/L hydrogen peroxide
as an oxidant.
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