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Abstract: Thiosulfate is an inorganic ligand that forms a soluble light-sensitive cadmium thiosulfate
complex, and cadmium sulfide (CdS) with a “size effect” can be produced via ultraviolet (UV)
irradiation. This study investigated the activity of CdS nanoparticles (NPs) precipitated from a
cadmium thiosulfate complex via UV irradiation on photocatalytic dye degeneration. Scanning
electron microscopy (SEM) and transmission electron microscopy (TEM) demonstrated that the
decomposition products were spherical CdS NPs. The photocatalytic activity of the CdS NPs was
evaluated based on the degradation rates of methylene blue, rhodamine B, and methyl orange. With
25 mg of CdS NPs and a dye concentration of 10 mg L−1, the degradation rates of the three dyes under
visible light were 36%, 90%, and 80%, respectively. A kinetic study revealed that the photocatalytic
degradation rate of the CdS NPs followed first-order kinetics, and the rate constants for the three dyes
were determined to be 0.0051, 0.0762, and 0.0144 min−1, respectively. The CdS NPs exhibited a stable
photocatalytic performance after three cycles of methylene blue degradation. This indicates that CdS
NPs formed from a cadmium thiosulfate complex after UV irradiation can be used for photocatalysis,
which will save resources and help in environmental conservation.

Keywords: spherical CdS nanoparticles; ultraviolet photolysis; photocatalytic activity; organic dyes;
degradation rates

1. Introduction

The depletion of mineral resources has increased globally; therefore, it is necessary
to improve the utilization efficiency and secondary recovery of materials. Notably, non-
ferrous metals, such as cadmium, which is highly toxic and more likely to be absorbed
by crops than other pollutants, must be recovered from electronic waste [1]. Cadmium
pollution can have serious consequences, such as the “bone-pain disease” reported in
Ishitongchuan, Toyama Prefecture, Japan, in 1931 [2]. Therefore, the effective recycling of
cadmium from electronic waste has been widely studied.

Non-ferrous metals are commonly recovered from electronic waste via hydrometallur-
gical recovery processes, which are simple recycling technologies with minimal equipment
requirements. In particular, thiosulfate systems have the advantages of low toxicity, high
efficiency, and environmental protection, which makes them potential green metallurgi-
cal systems [3,4]. Soluble complex ions, such as Ag(S2O3)2

3−, Pt(S2O3)4
6−, Hg(S2O3)2

2−,
and Pb(S2O3)4

6− are formed in the leaching solution; therefore, thiosulfate systems are
extensively used to leach noble and heavy metals [5,6]. In particular, the traditional copper-
ammonia-thiosulfate systems are better for the environment than the cyanide leaching of
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carbonate and copper ores. With the rapid development of the thiosulfate leaching system,
researchers have found that it has numerous problems, such as the high consumption of
thiosulfate and serious pollution of ammonia. So, nickel-based, cobalt-based, and iron-
based catalysts are used instead of copper, and several non-ammonia thiosulfate leaching
systems (e.g., oxygen-thiosulfate, copper-thiosulfate, copper-ethylenediamine (EDA)-iron
thiosulfate, and ferric-oxalate-thiosulfate) have also been developed to solve the above
problems [7]. Owing to the shortage of mineral resources and the large number of valuable
noble metals, such as Au, Ag, and Cd, contained in electronic waste, some researchers
have considered using thiosulfate systems to leach metals from electronic waste. For ex-
ample, Ha et al. [8] studied the kinetics and mechanisms of selective gold leaching from
printed circuit boards using a thiosulfate system. The results demonstrated that under
optimal conditions, i.e., thiosulfate, copper (II), and ammonia contents of 72.71 mmol L−1,
10.0 mmol L−1, and 0.266 mol L−1, the leaching performance of gold in the printed circuit
board (PCB) was the best. In addition, a kinetic model of the gold leaching process was
also established. Petter et al. [9] studied the leaching effect of sodium and ammonium
thiosulfate on gold and silver in the PCB of a mobile phone. The results showed that
under the conditions of a sodium thiosulfate concentration of 0.1 mol L−1, an ammonium
hydroxide concentration of 0.2 mol L−1, and a copper concentration of 0.015–0.03 mol L−1,
the leaching rates of gold and silver were 15% and 3%, respectively. Based on the leaching
of gold/silver by thiosulfate, copper, and ammonia, Murali et al. [10] studied the effects of
pH, the concentration of the extractant, the mixing time, and the concentration of H2SO4
on the recovery of copper from an e-waste leaching solution. The results demonstrated
that the transfer rate of copper in the e-waste leaching solution was more than 94%, the
transfer rate of iron was less than 10%, the electrodeposition purity of the electric effusion
was 99%, and the current efficacy was 94.5%. The separation factor of copper and iron was
determined, which provided valuable guidance for the optimization of process parameters
in an industrial environment. Although the use of the thiosulfate system to leach noble
metals (i.e., gold and silver) from electronic waste has been widely studied, research reports
on whether it can be used to leach heavy metals (such as cadmium) from electronic waste
are still limited. The formation of cadmium thiosulfate complexes indicates the possibility
of selectively leaching cadmium from electronic waste using a thiosulfate system.

However, thiosulfate leaching systems have poor stability, and the technology used
to recover metals from leaching solutions requires further research [11,12]. It is reported
that metallic thiosulfate complexes (Hg/Pb/Cd) are sensitive to UV light [13], which indi-
cates that the metal thiosulfate complexes undergo decomposition reactions to form metal
sulfides under UV light. Wang et al. [14] studied the effects of the initial pH, thiosulfate
concentration, and temperature on the UV photolysis of a mercury thiosulfate solution.
The results of the characterization of decomposition products showed that after exposure
to UV light for 240 min, the decomposition of the S-S bond in the mercury thiosulfate
complex was accelerated, so the recovery rate of mercury was greatly improved, reach-
ing 87.94%, which solves the problem of the slow kinetics of mercury recovery limits.
Egorov et al. [15] studied the effect of the concentration, ratio, and irradiation time of
thiosulfate ions on the preparation of lead sulfide (PbS) from the lead thiosulfate complex
under UV light. The spectroscopy and microscopy results showed that PbS NPs were
formed from solutions of the lead thiosulfate complex under the irradiation of UV light,
and their yield and size were determined by their concentration and the ratio of thiosulfate
ions in the solution. In addition, the yield and size of (PbS) NPs could be used to produce
quantum dot materials. Han et al. [16] studied the effect of the initial concentration of
silver, the concentration of thiosulfate, pH, and temperature on silver-thiosulfate complex
photolysis under UV-C irradiation. The results of characterization showed that the S-S
bond in the silver-thiosulfate complex was dissociated because the activated complex ions
reacted with hydroxide ions during the photolysis process, leading to the oxidation of
silver-thiosulfate ions and the reduction of silver ions. Therefore, the final composition
of the photolysis products was Ag2S, S, and Ag. In addition, the recovery rate of silver
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was as high as 80.46%. Egorov et al. [17] studied the composition of photolysis products
of cadmium thiosulfate aqueous solutions, in which cadmium sulfide with a “size effect”
was observed. These results indicate that metal sulfides can be obtained from thiosulfate
leaching solutions using photodecomposition technology.

In recent years, transition-metal sulfides have been extensively used in electronic
components, catalysts, and antibacterial materials owing to their excellent physical and
photoelectrical properties [18,19]. In particular, CdS is a photoelectric semiconductor
nanomaterial with a reasonable band gap (2.4 eV) and excellent photocatalytic performance.

The preparation method of CdS plays an important role in the photocatalytic activity
of CdS. Therefore, many research methods have been carried out, including precipitation,
hydrothermal, ion-exchange, template, and other methods. Devi et al. [20] studied the
effects of different temperatures on the size, band gap, and morphology of NPs by using
the precipitation method with cadmium chloride as the cadmium source, sodium sulfide
as the sulfur source, and water as the solvent. The results showed that with the increase
in temperature, the crystallinity, particle size, and agglomeration increase, and the band
gap decreases. Bie et al. [21] studied the photocatalytic activity of CdS nanosheets with
different thicknesses using the oil-bath method. The experimental results showed that the
ultrathin CdS nanosheets could significantly shorten the charge-transfer distance, increase
the surface-active potential density, and supply a sufficient negative conduction band edge
so as to enhance the photocatalytic performance. Xia et al. [22] used the hydrothermal
method to study the photocatalytic activity of CdS NPs under visible and near-infrared light.
Xiang et al. [23] synthesized hierarchical porous CdS nanosheet-assembled flowers using an
ion-exchange strategy and studied their photocatalytic properties. The results showed that
the hierarchical structure of nanosheets and porous nanosheets could effectively enhance
the light absorption ability and provide more active adsorption sites, which improved
the photocatalytic activity of CdS. Hemandez-Gordillo et al. [24] prepared nanostructured
CdS nanofibers based on an ethylenediamine template by using the simple precipitation
method. The results demonstrated that the prepared nanostructured CdS nanofibers had a
hexagonal structure, similar specific surface areas, and optical absorption in the blue region.
Under the condition of synthesizing these nanofibers in different organic solvents at 200 °C,
ethylenediamine would link to the CdS surface and thus be eliminated. CdS promotes a
charge transition through band-gap transmission to form photogenerated electron–hole
pairs under visible light, which can undergo oxidation–reduction reactions with organic
dyes [25–28]. CdS prepared by conventional methods has certain photocatalytic properties.
Therefore, this provides a basis for the photocatalytic performance of CdS as a product of
UV decomposition.

In summary, utilizing cadmium from electronic waste in the field of photocatalysis
can reduce the need for conducting the difficult process of metal recovery from thiosulfate
leaching solutions and protect the environment. Moreover, it has the potential to facilitate
the high-value utilization of cadmium from electronic waste, as proposed in this study.
A thiosulfate system was used to selectively leach cadmium from electronic waste, and
subsequently, UV photodecomposition technology was used to produce spherical CdS NPs.
The degradation of organic dyes using the spherical CdS NPs was investigated, and the
morphology, microstructure, and recycling stability of the CdS NPs were analyzed.

2. Experimental Section
2.1. Materials

Sodium thiosulfate (Na2S2O3) was obtained from Damao Chemical Reagent Factory
(Yantai, China). Cadmium chloride (CdCl2) and methyl orange (MO) were purchased
from Tianjin Kemiou Chemical Reagent Co., Ltd. (Tianjin, China). Methylene blue (MB)
was purchased from Beijing Chemical Plant (Beijing, China), and rhodamine B (RhB) was
purchased from Sinopharm Chemical Reagent Co., Ltd. (Beijing, China). All reagents were
analytically pure and used without further purification. Deionized water produced by
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a high-purity water system with a typical resistivity of 18.24 M Ω cm was used for all
experiments.

2.2. Procedure

As shown in Figure 1, the experimental procedure used in this study was divided into
three parts: UV photolysis, photocatalytic activity evaluation, and stability testing of the
CdS NPs. A cadmium thiosulfate complex was prepared by mixing aqueous solutions of
Na2S2O3 (0.01 mol) and CdCl2 (80 mg L−1). Subsequently, it was employed to simulate
the leaching solution used to extract cadmium from electronic waste. In the UV photol-
ysis test, first, the cadmium thiosulfate complex was placed in a quartz beaker (250 mL,
80–240 mg L−1) in a confined space. Next, it was exposed to UV light (single-ended, four-
wire, 24 W, 254 nm, and 50 µW cm−2) for 4 h. The decomposition products were filtered via
a brand-new filter head and needle; it was naturally dried, and subsequently, the yellow
precipitate was collected. In the photocatalytic activity evaluation test, MB, RhB, and
MO were used as raw materials to simulate an organic dye solution, and the visible-light
catalytic activity of the CdS NPs was evaluated based on their degradation. CdS NPs
(25 mg) were added to the organic dye solution (100 mL), and the dark adsorption test was
conducted under dark conditions. Once the adsorption reached equilibrium, the organic
dye (100 mL) with CdS NPs (25 mg) was added to a condensing beaker under magnetic
stirring, and then condensing water was used to maintain the reaction temperature (room
temperature) during the photocatalytic process; a xenon lamp (current of 15 A, distance of
20 cm) was switched on, and the solution was sampled (5 mL) at various time intervals.
In the stability test of CdS NPs, the degradation of MB (100 mL, 10 mg L−1) was used as
an example. The photocatalyzed CdS NPs (25 mg) were filtered so as to recycle and use
them to degrade the recently configured MB. The concentration of the organic dyes was
measured using a UV–visible (UV–vis) spectrophotometer.

Figure 1. Flow chart of the whole experiment.

2.3. Analytical Methods

The morphology and microstructure of the decomposition products were examined
using emission-gun scanning electron microscopy (SEM; JSM-IT100, JEOL Ltd., Tokyo,
Japan) and transmission electron microscopy (TEM; JEM-2100, JEOL Ltd., Tokyo, Japan);
the TEM samples were prepared using a copper mesh. The lattice spacing was calculated
using Digital Micrograph software (Gatan, Inc., Warrendale, PA, USA), and the particle
size was measured by using the software ImageJ (NIH, Bethesda, MD, USA). A UV–vis
spectrometer (UV-2550, Shimadzu, Japan) was used to measure the concentrations of the
organic dyes. The prepared samples were analyzed using a Fourier transform infrared
(FT-IR) spectrophotometer (Spectrum 65, Perkin Elmer, Waltham, MA, USA); subsequently,
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the measured data were analyzed using Origin software (OriginLab Corp., Northampton,
MA, USA).

3. Results
3.1. Characterization of UV-Decomposition Products

SEM was used to investigate the morphologies of the UV-decomposition products,
as shown in Figure 2a,b. The decomposition products comprised spherical particles of
various sizes with compact surface structures. TEM was used to further investigate the
morphology and structural characteristics of the UV-decomposition products, as shown
in Figure 2c–e, where the arrow in Figure 2d is the lattice spacing “d”. The particle-size
distribution was uneven, and most of the particles had a diameter of 50–100 nm, as shown
by the histogram of the particle size in Figure 2f, which is consistent with the SEM analysis.
As shown in Figure 2d, the 0.349 and 0.291 nm lattice spacings corresponded to the (111)
and (200) crystal planes of the cubic phase of CdS, respectively. These results show that the
cadmium thiosulfate complex decomposed and formed precipitates under UV irradiation,
and the precipitates consisted of spherical CdS NPs.

Figure 2. SEM images of CdS (a,b), TEM images of CdS (c–e), and histogram of particle size (f).
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3.2. Photocatalytic Activity of the Spherical CdS NPs
3.2.1. Photocatalytic Degradation Effect of MB

The absorption spectra of the CdS NPs at various time intervals after MB photocatalysis
are shown in Figure 3a; the adsorption experiment was conducted from −60 to 0 min, and
the photocatalytic experiment was conducted from 0 to 120 min. With the increase in the
time of adsorption, the position of the adsorption peak shifted toward the blue end of the
spectrum (660–610 nm), which indicates that MB underwent photocatalytic degradation
into intermediate products.

Figure 3. The absorption spectra of CdS NPs during MB (a), RhB (b), and MO (c) photocatalysis at
different times (298 K, mCdS = 25 mg; [MB, RhB, and MO] = 10 mg L−1; V = 100 mL).

The observed blue shift of the absorption spectrum is due to the electrons (e−) of CdS
NPs being excited from the valence band (VB) to the conduction band (CB) under visible
light. In this process, photogenerated e− with negative charges and photogenerated holes
(h+) with positive charges were generated in the CB and the VB, respectively, and formed
photogenerated electron–hole (e−/h+) pairs. In addition, MB was oxidized by h+ to realize
dealkylation, which indicates that the directional structure of MB varied, resulting in the
shift of the maximum absorption peak wavelength of its absorption band to the short wave,
i.e., a blue shift.

3.2.2. Photocatalytic Degradation Effect of RhB

The absorption spectra of the CdS NPs over time during RhB photocatalysis are
shown in Figure 3b; the adsorption experiment was conducted from −60 to 0 min, and
the photocatalytic experiment was conducted from 0 to 60 min. Over time, the position
of the adsorption peak shifted toward the blue end of the spectrum (550–500 nm), which
indicates that RhB underwent photocatalytic degradation into intermediate products.
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Similar to the result of the photocatalytic degradation of MB, there is also a blue shift
in the absorption spectrum of RhB. Due to the formed photogenerated e−/h+ pairs, RhB
was oxidized by the h+ generated in the VB of the CdS NPs under visible light, resulting in
demethylation. This indicates that the directional structure of RhB varied and resulted in
the shift of the maximum absorption peak wavelength of its absorption band to the short
wave. Therefore, the absorption spectrum of RhB after photocatalytic degradation using
the CdS NPs demonstrates a blue shift.

3.2.3. Photocatalytic Degradation Effect of MO

The absorption spectra of the CdS NPs over time during MO photocatalysis are shown
in Figure 3c. The adsorption experiment was conducted from −60 to 0 min, and the
photocatalytic experiment was conducted from 0 to 90 min. Over time, MO underwent
photocatalytic degradation into intermediate products. However, there was barely a blue
shift in the absorption spectrum during the photocatalytic degradation of MO. In contrast
to the above two organic dyes, MO is a relatively difficult organic pollutant to degrade. The
main reason is that its chemical molecular structure is relatively stable. Therefore, MO was
too difficult to oxidize by the h+ generated in the VB of the CdS NPs under visible light,
which indicates that the directional structure of MO did not vary, so the phenomenon of the
shift of the maximum absorption peak wavelength of its absorption band was not obvious.

3.3. Photocatalyst Stability Experiments

The stability of CdS NPs is vital to their photocatalytic activity in organic dye degra-
dation. So, the photocatalytic activity of the CdS NPs for the photocatalytic degradation of
organic dyes was studied through an experiment on the recovery of the CdS NPs that had
degraded MB under visible light. Specifically, the photocatalytic CdS NPs were recycled,
and the newly configured MB was degraded again. Similar experimental conditions needed
to be followed in each round of the cyclic degradation experiment. The MB degradation
effect under visible light over several cycles is shown in Figure 4. After one, two, and three
cycles, the MB degradation rates were 89%, 89%, and 88%, respectively. Consequently,
there was no significant reduction in the photocatalytic activity of the CdS NPs after three
cycles, indicating their stability and reuse for MB degradation.

Figure 4. Photocatalytic stability test of CdS NPs in recycling reactions.

The FT-IR spectrum of the photoproduct was also obtained to verify the stability
of the CdS NPs, as shown in Figure 5, where the arrows in the figure are toward the
functional group or chemical bond. Peaks corresponding to various functional groups were
observed at 3423, 1638, 1158, 1008, 658, and 536 cm−1 in the obtained CdS NPs. No notable
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differences in the spectra before and after photocatalysis were observed. The peaks at 3423,
1638, and 1128 cm−1 can be attributed to OeH stretching (surface-absorbed water in the
CdS precipitate) [29], metal–O–H bonds [30], and the –OH mode of water molecules [31],
respectively. The absorption band at approximately 1110 cm−1 (1008–1156 cm−1) can
be attributed to the formation of S–O bonds between CdS and the adsorbed thiosulfate
solution [32]. Finally, the peaks at 670 and 536 cm−1 can be attributed to stretching
vibrations of the S–C bonds and Cd–S stretching mode, respectively [33]. Therefore, we
conclude that the precipitated CdS NPs contain thiosulfate molecules, and the structure
and properties of the CdS NPs are stable before and after photocatalysis.

Figure 5. The FT-IR study of CdS NPs before and after photocatalysis ([Cd] = 80 mg L−1;
[S2O3

2−] = 0.01 mol L−1; 298 K; uncontrolled pH).

4. Discussion
4.1. Photocatalytic Degradation Kinetics of the Spherical CdS NPs
4.1.1. Photocatalytic Degradation Rate of MB

The degree of MB degradation was determined from the absorption characteristics
at 660 nm. The concentration ratio (C/C0) against the irradiation time under various
conditions is shown in Figure 6a, which illustrates the adsorption rate of CdS NPs in the
dark (−60–0 min) and their photocatalytic degradation under visible light (0–120 min). The
effect of other experimental conditions (e.g., adsorption) on the degradation of organic
dyes could be eliminated by dark adsorption. When the adsorption reached equilibrium,
the photocatalytic degradation effect of CdS NPs on organic dyes under visible light
could be separately studied, which enhanced the accuracy of the experiment [28]. The
self-degradation of MB (gray dotted line) was also recorded for comparison. In the dark
adsorption stage, approximately 18% of MB was adsorbed; however, in the photocatalytic
stage, the self-degradation of MB occurred, and approximately 30% of MB was decomposed.
In order to further research the photocatalytic activity of the degradation of MB by using
CdS NPs, the first-order kinetic equation of MB degradation using CdS NPs under visible
light was studied using the equation ln (C0/C) = kt (see Equation (1)), where C0 and C
are the initial concentration of MB and the concentration at t, respectively, and k is the
rate constant. The photocatalysis results demonstrate that the concentration ratio (C/C0)
decreased to approximately 36% in response to visible-light irradiation after 120 min. As
shown in Figure 6b, the blank data were subtracted from the results, and a plot of ln(C0/C)
over time (0–120 min) was produced and fitted with a straight line (R2 = 0.98). This graph
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indicates that the photocatalytic degradation of MB followed a first-order equation with a
rate constant of 0.0051 min−1.

r = −dC
dt

= kC0, ln
(

C0

C

)
= kt. (1)

Figure 6. Time-course variation of C/C0 toward MB ((a) C/C0 vs. time; (b) ln(C0/C) vs. time).

4.1.2. Photocatalytic Degradation Rate of RhB

The degree of RhB degradation was determined from the characteristic absorption
at 550 nm. The concentration ratio (C/C0) against the irradiation time under various
conditions is shown in Figure 7a, which illustrates the adsorption rate of CdS NPs in the
dark (−60–0 min) and photocatalytic degradation under visible light (0–60 min). The
self-degradation of RhB (gray dotted line) was also recorded for comparison. In the dark
adsorption stage, approximately 10% of RhB was adsorbed, and in the photocatalytic stage,
the self-degradation of RhB was insignificant (less than 10%), which indicates the con-
duciveness of photocatalysis. The photocatalysis results demonstrate that the concentration
ratio (C/C0) decreased to approximately 90% after 60 min in response to visible-light irradi-
ation, which indicates the significant photocatalytic degradation of RhB. The first-order
kinetic equation of the degradation of RhB using CdS NPs under visible light is consistent
with the kinetic equation of MB degradation, where C0 and C are the initial concentration
of RhB and the concentration at t, respectively, and k is the rate constant. As shown in
Figure 7b, the blank data were subtracted from the results, and a plot of ln(C0/C) over time
(0–15 min) was produced and fitted with a straight line (R2 = 0.99). This graph indicates that
the photocatalytic degradation of RhB followed a first-order equation with a rate constant
of 0.0762 min−1.

4.1.3. Photocatalytic Degradation Rate of MO

The degree of MO degradation was determined from the characteristic absorption
at 465 nm. The concentration ratio (C/C0) against the irradiation time under various
conditions is shown in Figure 8a, which illustrates the adsorption rate of CdS NPs in the
dark (−60–0 min) and their photocatalytic degradation under visible light (0–90 min).
The self-degradation of MO (gray dotted line) was also recorded for comparison. In
the dark adsorption stage, hardly any of the MO was adsorbed. In the photocatalytic
stage, the self-degradation of MO was insignificant (approximately 5%), which indicates
the conduciveness of photocatalysis. The photocatalysis results demonstrate that the
concentration ratio (C/C0) decreased by approximately 80% after 90 min in response to
visible-light irradiation, which indicates its good photocatalytic degradation performance.
The equation is similar to the kinetic equations of MB and RhB photocatalytic degradation,
where C0 and C are the initial concentration of MO and the concentration at t, respectively,
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and k is the rate constant. As shown in Figure 8b, the blank data were subtracted from the
results, and a plot of ln(C0/C) over time (0–90 min) was produced and fitted with a straight
line (R2 = 0.99). This graph indicates that the photocatalytic degradation of MO followed a
first-order equation with a rate constant of 0.0144 min−1.

Figure 7. Time-course variation of C/C0 toward RhB ((a) C/C0 vs. time; (b) ln(C0/C) vs. time).

Figure 8. Time-course variation of C/C0 toward MO ((a) C/C0 vs. time; (b) ln(C0/C) vs. time).

4.2. The Degradation Mechanism Study of CdS NPs

Photogenerated e−/h+ play a crucial role in the photocatalytic degradation of organic
dyes. Based on the above conclusions, the mechanism of photocatalytic degradation of
organic dyes by CdS NPs is explained through the degradation reaction of organic dyes.
Under visible-light irradiation, when the light energy is more than the band-gap breadth
of CdS NPs, the excited e− in the VB form photogenerated e− with negative charges in
the CB and photogenerated h+ with positive charges in the VB; therefore, photogenerated
e−/h+ pairs are observed. Subsequently, the e− and h+ are delivered to the particle surface
and react with oxygen (O2) and water (H2O) to form superoxide anion radicals (.O−2 ) and
hydroxyl radicals (.OH), which are used as the main active substances of photocatalysts for
the degradation of organic dyes. Therefore, photocatalysis relies on the absorption of light
by the CdS NPs, which requires excited e− to produce photogenerated e−/h+ pairs and
cause redox reactions, as reported in Murali’s work [34]. The photocatalytic degradation
mechanism of the three organic dyes is as follows (see Equations (2)–(7)):

CdS + hv(E > Eg)→ CdS + h+ + e− (2)

h+ + H2O→ OH− + H+ (3)
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h+ + OH− → OH· (4)

e− + O2 → O−2 (5)

2H2O + O−2 + e− → 2OH + 2OH− (6)

OH· + Dye(MB RhB MO)→ Degradation products (7)

5. Conclusions

Herein, CdS NPs with high photocatalytic performance were prepared by utilizing the
photosensitivity of a cadmium thiosulfate complex. SEM and TEM images revealed that
the CdS NPs were spherical with typical diameters of 50–100 nm. The CdS NPs degraded
MB, RhB, and MO; there was a blue shift in the absorption spectrum for photocatalytic
degradation of MB and RhB when using CdS NPs, which is due to the holes oxidizing the
organic dyes to realize dealkylation and demethylation and changing their oriented struc-
tures; under the specific visible-light conditions, the photocatalytic degradation efficiencies
of the CdS NPs with MB, RhB, and MO were 36%, 90%, and 80%, respectively. Kinetic
studies showed that the photocatalytic degradation of the three organic dyes, MB, RhB,
and MO, by the CdS NPs followed first-order kinetics with corresponding rate constants of
0.0051, 0.0762, and 0.0144 min−1, respectively. Furthermore, the CdS NPs obtained using
UV decomposition exhibited good stability after three cycles of MB degradation. There
were no significant differences in the infrared spectra of the CdS NPs before and after pho-
tocatalysis, which indicates that their structure and properties were stable. Therefore, this
study demonstrates that the photocatalytic activity of CdS NPs can be used to degrade toxic
organic pollutants; this provides a basis for the ultimate application of Cd from electronic
waste in the field of photocatalysis. In addition, for the multi-component problem of a
practical e-waste system, the proposed technology in this work may be a potential method
to achieve the expansion of the prospect of recovery in the application of the industrial
thiosulfate system and solve the problem of environmental governance, which has high
economic and environmental benefits.
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