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a b s t r a c t

In this work, CdS nanoparticles were prepared by hydrothermal decomposition of cadmium(II) 
diethanoldithiocarbamate (Cd(DEDTC)2) precursor at 200°C and were used as a novel sonocata-
lyst for H2O2-assisted degradation of three organic dye pollutants including methylene blue (MB), 
Rhodamine B (RhB) and methyl orange (MO). This sonocatalyst was characterized using FT-IR, XRD, 
SEM, UV-Vis and EDX analysis which all of them confirmed the formation of high pure CdS nanopar-
ticles with an average particle size of 20 nm. The optical absorption spectrum of CdS nanoparticles 
showed the band gap of 2.3 eV suitable for sonophotocatalytic degradation of organic pollutants. 
Under the optimized conditions, about 93% of RhB, 87% of MB and 55% of MO were degraded with 
the rate constants of 0.019, 0.014, and 0.0 04 min–1, respectively. It was demonstrated that the sonocat-
alytic activity of CdS/ultrasound system was depended on CdS dosage, H2O2 concentration and ini-
tial dye concentration. The trapping experiments indicated that .OH radicals were the main reactive 
species for dye degradation. In addition, the catalyst can be reused without significant loss of activity 
and its structure was not affected by the reactants or ultrasound.

Keywords:  CdS nanoparticles; Hydrothermal synthesis; Sonocatalytic activity; Hydroxyl radical; 
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1. Introduction

Nowadays, water pollution is a serious worldwide 
problem resulting in serious adverse impacts on the pub-
lic health and environment. So, because of dyestuff indus-
try propagation, wastewater of printing dye is one of the 
most considerable water pollution sources. It is estimated 
that around 10–15% of organic dyes mainly from industries 
are immoderately discharged into the rivers [1–3]. Vari-
ous methods including biological processes, electrochem-
ical process, membrane technology, adsorption, chemical 
oxidation and advanced oxidation processes (AOPs) have 
been developed to remove the dyes from polluted water 
concerning their low cost, simplicity of design, ease of oper-
ation and smaller amounts of harmful substances [4–12]. 
However, most of current degradation strategies still unde-
sirably involve in several problems, such as low stability 

of catalyst, non-recyclability or complex operations for 
recycling. Therefore, finding better approaches to treat such 
dyes is rather imperative and significant.

The use of ultrasound waves as an advanced oxida-
tion process has gained more attention for purification of 
polluted effluents because of its high efficiency and easy 
operation [13–16]. Rapid growth of the bubbles and their 
collapsing within the solution under ultrasound waves pro-
duce extremely high temperature and pressure leading to 
thermal dissociation of water and generation of hydroxyl 
radicals (.OH) as one of the most powerful non-selective 
oxidants for oxidation of target organic pollutants [13,17]. 
However, the application of ultrasound alone is not efficient 
for the degradation of the target organic pollutants because 
of the fact that the ultrasound alone requires more time and 
high amount of energy for an acceptable degradation. To 
overcome this problem, the active catalysts under ultra-
sonic irradiation (sonocatalysts), can be used for degrading 
organic pollutants in the aqueous phase. In the presence 
of an insoluble sonocatalyst, the generation of .OH will be 
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accelerated during the ultrasonic irradiation [18,19]. In this 
context, using some metal oxide nanostructures such as 
Fe3O4, ZnO, and MgO were studied as sonocatalyst for deg-
radation of organic dyes [20–23]. However, there is a need 
to develop new catalysts with high sonocatalytic activities.                                                                                                     

In recent years, cadmium sulfide (CdS) with different 
nanostructures has been used as a photocatalyst for degra-
dation of organic dye pollutants under different conditions 
[24–29]. However, there are several inherent drawbacks for 
CdS-based photocatalysts such as tendency of the CdS par-
ticles to aggregate and form larger particles, which results 
in surface area reduction and high recombination rate of 
photoinduced electron–hole pairs. Moreover, CdS involves 
in photocorrosion in aqueous media containing oxygen 
under light irradiation leading to its instability as a photo-
catalyst and its great practical application obstruction. On 
the other hand, the dye wastewater is usually non-trans-
parent and highly-concentrated resulting in the light pen-
etration limitation to only several millimeters. Therefore, 
there are some difficulties to degrade non-transparent and 
highly-concentrated dye wastewater via photocatalysis. As 
a solution, CdS sonocatalysis could be an appropriate can-
didate to overcome the above mentioned problems.

In this paper, we report the application of CdS nanopar-
ticles as a novel sonocatalyst for degradation of MB, RB 
and MO in the aqueous solutions in the presence of H2O2 
as a hydroxyl radical (.OH) source. The  CdS nanoparticles 
were produced using hydrothermal decomposition of an 
air-stable, easily obtained single-source molecular precur-
sor, namely cadmium(II) diethanoldithiocarbamate (Cd(D-
EDTC)2) and characterized by X-ray diffraction (XRD), 
Fourier transform infrared spectroscopy (FT-IR), scanning 
electron microscopy (SEM), transmission electron micro-
scope (TEM),  energy dispersive X-ray (EDX) spectros-
copy, and UV-visible spectroscopy. Also, the effect of some 
parameters such as amount of H2O2, sonocatalyst dosage 
and initial dye concentration was evaluated on the activity 
of CdS nanoparticles. To the best of the authors’ knowledge 
and based on the literature review, there is no report on the 
use of CdS nanoparticles for the sonodegradation of organic 
dyes, especially in the presence of H2O2 as an environmen-
tal-friendly oxidizing agent.

2. Experimental

2.1. Materials

Diethanolamine (C4H11NO2, 98%), cadmium nitrate 
(Cd(NO3)2.4H2O, 99%), hydrogen peroxide (H2O2, 30%) 
and carbon disulfide (CS2, 98%) were from Sigma-Aldrich. 
Methyl orange (MO, C14H14N3NaO3S), methylene blue (MB, 
C16H18ClN3S) and Rhodamine B (RhB, C28H31ClN2O3) with 
high purity were from Merck chemical company.

2.2. Preparation of the Cd (DEDTC)2 precursor complex

Initially, the Cd(DEDTC)2 precursor complex was syn-
thesized as follows: Diethanoldithiocarbamic acid was 
obtained from 0.02 mol (1.2 mL) of carbon disulfide and 
0.02 mol (2 mL) of diethanolamine in 20 mL of 99.9% eth-
anol under ice cold condition (5°C). 20 mL of aqueous 

solution of Cd(NO3)2·4H2O (3.08 g, 0.01 mol) was added to 
the yellow dithiocarbamic acid solution under continuous 
stirring and the final solution stirred for 30 min. Obtained 
Cd(DEDTC)2 was filtered, washed with 40 mL of alcohol 
and then dried in an oven for 6 h at 60°C. Yield: 80%. Anal. 
Calc. for CdC10H20N2O4S4: C, 25.4; H, 4.3; N, 6.1%. Found: C, 
25.2; H, 4.0; N, 5.8%. Characteristic FT-IR data (KBr, cm–1): 
1480 ν(C-N) and 991 ν(C-S).

2.3. Preparation of CdS nanoparticles

For synthesizing the CdS nanoparticles, 0.5 g of the 
above prepared Cd(DEDTC)2 precursor in 30 ml of distilled 
water was placed into a 50 mL Teflon-lined stainless steel 
autoclave and heated at 200°C for 24 h. The as-formed yel-
lowish precipitate was filtered after cooling down to room 
temperature and washed with 20 mL of distilled water and 
ethanol 1:1 (v/v) mixture for three times, separately. The 
obtained CdS product was characterized with XRD, FT-IR, 
SEM, EDX, TEM and UV-visible spectroscopy.

2.4. Characterization techniques

The XRD patterns were inscribed on a Rigaku D-max C 
III, X-ray diffractometer using Ni-filtered Cu Ka radiation 
(k = 1.5406 Å) for decomposed samples phases determina-
tion. Infrared spectra were obtained using Schimadzu FT-IR 
160 spectrophotometer using KBr pellets. The morphology 
of CdS nanoparticles was studied by Mira3 Tescan, scan-
ning electron microscope outfitted with energy dispersive 
X-ray analyzer (EDX) for elemental analysis of the sample. 
The size of nanoparticles was determined by a transmission 
electron microscope (TEM, EM10C) at an accelerating volt-
age of 100 kV. Optical absorption spectra of nanocatalyst 
and dyes were obtained from a Cary 100 varian UV–Vis 
spectrophotometer in a wavelength range of 200–800 nm. 
Homogeneous suspension of nanocatalyst in ethanol for 
UV-Vis studies was formed by sonicating for 25 min. An 
ultrasonic apparatus operating at 37 kHz (Sonic 6MX, out-
put acoustic power 100 W) was used for degradation of dye 
solutions. The concentration of Cd in the filtrate was deter-
mined by inductively coupled plasma atomic emission 
spectroscopy (ICP-AES, model OEC-730).

2.5. Sonocatalytic tests

Sonocatalytic activity of the CdS nanoparticles was 
evaluated by degradation of MB, RhB and MO in aque-
ous solutions under ultrasonic at room temperature. The 
reactions were conducted in a 100 mL Pyrex cylindrical 
glass vessel. In a typical experiment, the CdS nanoparticles 
(25 mg) were added to the dye solution (50 mL, 25 mg/L). 
Prior to ultrasonic irradiation, the mixtures were stirred for 
30 min to achieve adsorption–desorption balance between 
the dye and sonocatalyst. The experiments were then 
performed under ultrasonic irradiation in the presence 
of H2O2 (1 M, 1.5 mL) in a dark place to avoid photoexci-
tation of CdS nanoparticles. At appropriate times, 2 mL of 
the dye solution was separated and centrifuged (5000 rpm, 
10 min) to remove the catalyst. A UV-Vis spectrophotometer 
was used for analyzing the obtained clean transparent solu-
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tion. The concentrations of MB, RhB and MO in the solu-
tions were determined by UV-visible spectroscopy at 663, 
557 and 462 nm, respectively. The degradation efficiency 
(%) of dyes was calculated using the following equation 
(Eq. (1)):

( ) ( ) = − ×0 0Degradation efficiency %   / 100C C C  (1)

where C0 is the initial concentration of dye and C is the 
concentration of dye after reaction in specified expo-
sure time. The effect of various parameters such as amount 
of H2O2, catalyst and initial dye concentration on the deg-
radation efficiency were also investigated as follow: The 
effect of the initial MB concentration on its sonocatalytic 
degradation was investigated by varying the initial concen-
tration between 5 and 35 mg/L. In this set of experiments, 
the values of sonocatalyst dosage, the H2O2 amount, and 
the reaction time were set to 25 mg, 1.5 mL, and 140 min, 
respectively. In order to avoid the use of an excess amount 
of sonocatalyst, it was essential to determine the optimum 
value for sonocatalyst dosage in sonocatalytic systems. 
Therefore, different dosages of the sonocatalyst in the range 
of 12.5–37.5 mg were tested, while the other parameters 
such as initial dye concentration, amount of H2O2, and 
reaction time were kept constant at 25 mg/L, 1.5 mL, and 
140 min, respectively. The effect of the amount of H2O2 on 
the sonocatalytic degradation was also studied by changing 
the H2O2 amount between 0 and 2 mL. During the experi-
ment, the values of sonocatalyst dosage, initial dye concen-
tration, and reaction time were constant at 25 mg, 25 mg/L, 
and 140 min, respectively.

In all aqueous solutions containing dye + CdS under 
ultrasound irradiation, the concentration of Cd in the fil-
trate after removing the catalyst was less than 0.1%, as con-
firmed by the ICP-AES analysis of the reaction mixtures.

3. Results and discussion

3.1. Characterization of the sonocatalyst

Among the various methods, the solvothermal method 
is an important technology for synthesizing inorganic nano-
structures at low temperatures. The solvothermal process 
uses a solvent in the pressure and temperature above its 
critical point to increase the solubility of a solid as well as 
speed of reactions [30]. In this paper, the authors report 
the synthesis of CdS nanoparticles by the hydrothermal 
decomposition of single-source molecular precursor (Cd(D-
EDTC)2) in accordance with the following figure (Fig. 1):

Fig. 2 shows the XRD pattern of the product derived 
from hydrothermal decomposition of the Cd(DEDTC)2 
precursor at 200°C for 24 h. It can be seen from Fig. 2 that 
the prepared product is CdS in both hexagonal and cubic 
phases (JCPDS Cards no. 75-1545 and 10-0454, respectively). 
The complex was completely decomposed into CdS and no 
impurity peaks were found in the XRD pattern. The aver-
age size of the CdS particles was found to be approximately 
20 nm by the Debye–Scherrer equation [31]: DXRD = 0.9λ/
(β cosθ) where DXRD is the average crystalline size, λ is the 
wavelength of Cu Kα radiation, β is the full width at half 
maximum of the diffraction peak and θ is the Bragg angle.

Fig. 3 shows FT-IR spectra of Cd(DEDTC)2 complex 
and its decomposition product. As depicted in Fig. 3(a), 
complex exhibits two characteristic bands in the range of 
1432–1488 and 950–1050 cm–1 correspond to the stretching 

Fig. 1. The preparation of CdS nanoparticles for dyes degrada-
tion under ultrasound irradiation.

Fig. 2. XRD pattern of the CdS nanoparticles.

Fig. 3. (a) FT-IR spectra of the Cd(DEDTC)2 complex; (b) CdS 
nanoparticles. 
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vibrations of C-N and C-S, respectively [32,33]. As shown 
in Fig. 3(b), disappearing all the bands of complex after 
hydrothermal decomposition shows that the complex has 
been completely decomposed to CdS. It is noted that the 
Cd-S vibration appears below 400 cm–1.

The morphology and size of the CdS nanoparticles were 
investigated by SEM. SEM images with different magnifica-
tion of decomposition product of Cd(DEDTC)2 complex are 
shown in Fig. 4(a) and (b). As shown in Fig. 4(a) and (b), the 

product was formed from uniform and fine nanoparticles 
which loosely aggregated.

Fig. 5 shows TEM images of CdS nanoparticles pow-
der produced by hydrothermal treatment of Cd(DEDTC)2 
complex at 200°C. Ultrasonic vibration was employed for 
dispersing the sample powder in ethanol before TEM. 
As shown in Fig. 5, the obtained CdS nanoparticles were 
formed from sphere-like particles. It can be seen that the 
sizes of CdS nanoparticles are in the range of 10–30 nm. 
The TEM analysis reveals that the hydrothermal decompo-
sition of Cd(DEDTC)2  complex at 200°C is an appropriate 
method for the preparation of the CdS nanoparticles with 
narrow-size distribution. 

The chemical purity of the product was also tested by 
EDX analysis. Fig. 6 shows the EDX spectrum of the syn-
thesized CdS nanoparticles. The spectrum shows that the 
nanoparticles are mainly composed of cadmium and sul-
fide. The atomic percentages of Cd and S were found to 
be 47.25 and 52.75%, respectively for CdS nanoparticles in 
distilled water. The atomic ratio of Cd and S is about 1:1, 
which approaches the theoretical value for CdS. This obser-

Fig. 4. SEM images of the CdS nanoparticles. Fig. 5. TEM images of the CdS nanoparticles.
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vation further confirms that the final product highly pure 
CdS nanoparticles are.

Fig. 7 shows the absorption spectrum of the sphere-like 
CdS nanoparticles dispersed in distilled water. This spec-
trum exhibits defined absorption edge at 488 nm, corre-
sponding to energy gap of 2.3 for the CdS nanoparticles that 
is similar to the reported values in the literature [34]. This 
edge is assigned to the optical transition of the first excitonic 
state. Based on the diagram in Fig. 7, this product could be 
an appropriate candidate for sonocatalytic purposes.

3.2. Sonocatalytic degradation of dyes

The sonocatalytic activity of the CdS nanoparticles was 
evaluated by degrading MB under ultrasonic irradiation in 
the presence of H2O2. Fig. 8(a) shows the changes of absorp-
tion spectra of 50 mL MB (25 mg/L) at different irradia-
tion times in the system containing CdS nanoparticles (25 

Fig. 6. EDX analysis of the CdS nanoparticles.

Fig. 7. UV-Vis absorbance spectrum of the CdS nanoparticles.

Fig. 8. (a) The absorbance spectra of MB over CdS nanoparticles 
at different time intervals; (b) concentration changes of MB (C/
C0) at 663 nm as a function of irradiation time; (c) Ln(C/C0) ver-
sus irradiation time in MB solution.
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mg) and H2O2 (1.5 mL, 1 M). The MB chroma gradually 
decreased over time (inset in Fig. 8(a)). It can be noted that, 
the intensity of absorption peak at 663 nm decreased with 
increasing irradiation time and disappeared after 140 min. 
Fig. 8(b) displayed the changes in the concentration of MB 
(C/C0) at 663 nm as a function of irradiation time for CdS 
nanoparticles under different conditions. Here, C0 and C are 
the dye concentration before and after irradiation, respec-
tively. No appreciable degradation of the MB has been 
observed under direct sonolysis after 140 min. In the absence 
of any catalyst, degradation efficiency of MB is lower than 
20% after 140 min irradiation. Under ultrasonic irradiation, 
approximately 52% of MB was removed by CdS nanopar-
ticles without using H2O2, probably due to the difficulty of 
migration of the electron-hole pairs of the CdS nanoparti-
cles. It is worthwhile to note that the sonocatalytic activity 
was significantly enhanced by adding H2O2 to the system 
of MB and CdS nanoparticles. The sonodegradation rate of 
MB reached to 87% after ultrasonic irradiation for 140 min, 
which demonstrated that most of the MB molecules in the 
solution were degraded. To assess the rate of the photocat-
alytic degradation of MB, the linearized pseudo-first-order 
kinetic model was used according to Eq. (2) [35]:

( )− =0ln /  appC C k t  (2)

where C (mg/L) is the concentration of MB at time t (min). 
A straight line of –ln(C/C0) vs. t indicates the suitability of 
the model for describing sonocatalytic removal of MB. The 
slope of the line is the apparent rate constant (kapp) as min–1. 
The result of kinetic study is shown through a smaller figure 
which is depicted on Fig. 8(c). The obtained correlation coef-
ficient (R = 0.9961) for the pseudo-first-order kinetic model 
indicated the suitability of the model for predicting the rate 
of sonocatalytic degradation of MB. Moreover, the slope of 
the equation (kapp) was found to be 0.014 min–1. This indicated 
the relatively high rate of photocatalytic degradation of MB.

In order to evaluate the scope of this method, the sono-
catalytic degradation of other organic dyes such as RhB 
and MO was investigated under identical conditions. Fig. 9 
compares the degradation efficiencies of MB, RhB and MO. 
The degradation efficiencies of MB, RhB, and MO were 87, 
93.17, and 55.27% with rate constants of 0.014 min–1, 0.019 
min–1, and 0.004 min–1, respectively. The slow degradation 
of MO can be related to its high redox potential [36]. 

3.2.1. Effect of H2O2 

The influence of H2O2 amount on MB degradation 
over CdS nanoparticles has also been evaluated. The 
results are shown in Fig. 10. It can be clearly seen that about 
52% of MB was degraded without any H2O2 within 140 min 
of reaction. The degradation efficiency of MB was mark-
edly enhanced with adding H2O2. When the H2O2 amount 
gradually changed from 0.5 to 1.5 mL, the sonocatalytic 
degradation rates of MB were greatly improved correspond-
ingly, and about 87% of MB has been decomposed within 140 
min of reaction. This enhancement in degradation rate is due 
to increase in the .OH radicals with increasing the concentra-
tion of H2O2. However, a further increase in H2O2 content 
higher than 1.5 mL leads to decrease of the photocatalytic 
activity. It is well-known that excess H2O2 molecules act as 

Fig. 9. Comparison of the concentration changes of MB, RB and 
MO (C/C0) as a function of irradiation time for CdS nanoparti-
cles. Initial dye concentration: 25 mg/L, the CdS dosage: 25 mg, 
the amount of H2O2: 1M, 1.5 mL and reaction time: 200 min.

Fig. 10. Effect of the H2O2 dosage on the sonocatalytic degrada-
tion of MB. Initial dye concentration: 25 mg/L, the CdS dosage: 
25 mg and reaction time: 140 min.

scavenger of .OH radicals to generate perhydroxyl (HOO.) 
radicals with lower oxidation potential (Eq. (3)) [37,38].

+ ⋅ → + ⋅2 2 2H O OH H O HOO  (3)

3.2.2. Effect of catalyst dosage 

The data of examined effect of the catalyst dosage on 
sonocatalytic MB degradation are shown in Fig. 11. The 
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for sonocatalysis of MB increases with increasing its initial 
concentration, resulting in lower efficiency of the process. 
Decreasing degradation efficiency with increasing initial 
concentration may be due to the limited number of active 
sites for the subsequent generation of hydroxyl radicals 
to degrade high initial concentrations at specified reaction 
time [43,44]. 

3.2.4. Proposed mechanism for sonocatalytic degradation  
of dyes

It is well-known that the sonocatalytic degradation of 
organic pollutants over a sonocatalyst is based upon three 
theories including sonoluminescence, ‘‘hot spot’’ and oxy-
gen atom escape [45–47]. Sonoluminescence can occur 
when a sound wave has the sufficient intensity and induces 
quickly collapsing gaseous cavities within a liquid. These 
cavities may be generated through a process known as “cav-
itations” or form pre-existing bubbles. Sonoluminescence 
can be made to be stable in the laboratory, and then a sin-
gle bubble will periodically expand and collapse over and 
over again emitting a burst of light each time it collapses. 
Therefore, ultrasonic irradiation conduce sonolumines-
cence phenomenon leading to produce a lot of light. It has 
been well known that the generated light has a relatively 
wide range of wavelengths because of acoustic cavitations. 
The produced light with wavelengths below 375 nm can 
undoubtedly excite the CdS particles result in acting as a 
sonocatalyst. 

Based on the above results, a possible sonocatalytic 
mechanism over CdS nanoparticles has been proposed as 
follows and illustrated in Fig. 13 [48–50]. Under light irra-
diation generated by sonoluminescence phenomena, the 
electrons are excited from valence band (VB) of CdS to con-
duction band (CB) and the electron–hole pairs are formed 
in the inner or on the surface of CdS nanoparticles (Eq. (4)).  

degradation efficiency of MB is lower than 20% after 140 
min of continuous reaction in the absence of the CdS 
nanoparticles.With increasing CdS dosage to 12.5 mg, the 
sonocatalytic degradation of MB was found to be 65% for 
140 min. The MB degradation efficiency increased to 87% 
with increasing dosage of the CdS nanoparticles to 25 mg. 
The addition of more CdS nanoparticles into the solu-
tion provides more active reaction sites for the genera-
tion of •OH radicals, accelerating the degradation rate. 
Moreover, increasing the sonocatalyst dosage creates 
the additional nuclei for the cavitation phenomenon and 
generating more •OH radicals [39]. However, increasing 
CdS nanoparticles dosage from 25 to 37.5 mg, dose not 
lead to increase the degradation efficiency. In fact, the 
aggregation of sonocatalyst particles occurs in the solu-
tion at higher dosages. This leads to the loss of effective 
surface area and surficial active sites for the generation 
of •OH radicals. Furthermore, the extent of cavitation 
phenomenon is depended on the active surface area of 
the applied sonocatalyst. So, in the presence of excess 
amount of the sonocatalyst, lower amount of ultrasonic 
waves could be passed into the solution to create cavita-
tion bubbles [40,41]. 

3.2.3. Effect of initial dye concentration

The effect of the initial MB concentration was inves-
tigated by varying the initial MB concentrations between 
5 and 35 mg/L (Fig. 12). The MB degradation efficiency 
decreased from 94% to 62% with increasing initial MB con-
centration from 5 to 35 mg/L within a reaction time of 140 
min. This indicated the need for more time to achieve the 
appropriate removal efficiency of MB at higher concentra-
tions. Similarly, Song et al. have reported approximately 
same trend based on their study on the sonocatalysis of var-
ious organic dyes [42]. Clearly, the number of ·OH needed 

Fig. 11. Effect of the CdS dosage on the sonocatalytic degrada-
tion of MB. Initial dye concentration: 25 mg/L, the amount of 
H2O2:1M, 1.5 mL and reaction time: 140 min.

Fig. 12. Sonocatalytic degradation efficiency for different initial 
dye concentrations. The CdS dosage: 25 mg, the amount of H2O2: 
1M, 1.5 mL and reaction time: 140 min.
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runs without significant loss in activity (Fig. 15(a)). At the 
same time, the concentration of Cd in the filtrate was deter-
mined to be less than 0.1 % by ICP-AES. We have also tested 
the nature of the recovered catalyst. As shown in Fig. 15(b) 
and (c), the XRD and FT-IR spectra of the recovered CdS did 
not show significant changes after the fourth run compared 
to the fresh catalyst (see Figs. 2 and 3). These observations 
confirm that the structure of the CdS nanoparticles was sta-
ble under the reaction conditions and was not affected by 
the reactants. 

4. Conclusions

In this study, CdS nanoparticles were successfully pro-
duced by a facile hydrothermal reaction and their sonocat-
alytic performance was evaluated by degrading organic 
dyes under ultrasonic irradiation in the presence of H2O2 as 
a hydroxyl radical (.OH) source. The XRD analysis showed 
crystallized nature of CdS with both hexagonal and cubic 
phases. In addition, the experimental results also demon-
strated the feasibilities of the sonocatalytic degradation 
of MB and other organic pollutants for wastewater treat-
ment. The sonocatalytic degradation of MB is proven to be 
depended on the initial concentrations of MB, amount of 
CdS nanoparticles, and amount of H2O2. This study pro-
vides a green, low-cost, simple and rapid procedure for the 
degradation of organic dyes pollutants in aqueous waste-
water solutions.
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The generated electrons react with dissolved H2O2 in aque-
ous solution and produce the hydroxyl radicals (.OH) 
through a series of chemical reactions, which degrade the 
organic pollutants in the solution (Eq. (5)). At the same time, 
the generated holes oxidize H2O or OH–  species (from H2O2) 
on the surface of CdS nanoparticles to produce the hydroxyl 
radicals (.OH) (Eq. (6)). These hydroxyl radicals (.OH) with 
high oxidizing activity degrade the organic dye to CO2, H2O 
and other products (Eq. (7)). 

− ++ → +CdS ultrasound CB VBe h  (4)

+ → + ⋅_ _
2 2H O OH OHCBe  (5)

( )
−

+ + → ⋅
OH

OH
H2OVBh  (6)

+ ⋅ → 2 2dye OH degradation products(CO , H O, etc)  (7)

To confirm the above-suggested mechanism, t-butyl 
alcohol (t-BuOH) was added to the reaction mixture as 
a scavenger to determine the reactive .OH species. As 
shown in Fig. 14, the sonocatalytic degradation of MB was 
significantly decreased by adding t-BuOH to the reaction 
mixture. This finding confirms that the .OH radicals are 
the main active oxidizing species in the degradation pro-
cess [51].

3.2.5. Reusability test

In order to establish the reusability and stability of the 
CdS nanoparticles sonocatalyst, it was separated from the 
reaction mixture after its first use for degradation of MB. 
The recovered catalyst was found to be reusable for four 

Fig. 13. Schematic drawing of separation of generated electrons 
and holes on the interface of CdS nanoparticles under ultrasonic 
irradiation.

Fig. 14. Sonodegradation of MB over CdS nanoparticles: (a) 
alone, (b) in the presence of 20 mM t-BuOH. The CdS dosage: 
25 mg, initial MB concentration: 25 mg/L, the amount of H2O2: 
1M, 1.5 mL and reaction time: 140 min.
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