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A certain amount of Na2S2O3·5H2O solution added to the solution containing 

cadmium ion to form Cd/CdS photocatalysts could not only effectively remove 

cadmium ion but also produce hydrogen efficiently under visible light irradiation.  
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Metal Cd can serve as analogues of cocatalyst loaded on CdS to separate electrons and  
holes to significantly enhance the efficiency of CdS photocatalytic hydrogen production.  
A series of Cd/CdS photocatalysts were synthesized at various molar ratios of CdSO4 

and Na2S2O3·5H2O in the presence of simulated solar irradiation. Superior 10 

photocatalytic activities relative to that of pure CdS  were observed on the Cd/CdS 
photocatalysts. When the optimal molar ratio R of Na2S2O3·5H2O to cadmium salt is 7, it 
results in a high average H2-production rate of 1753 μmol/h. Possible mechanisms for both  
the formation and the enhanced photocatalytic activity of Cd/CdS were proposed on the basis of  
theoretical speculation and experimental observations. Most of all, this work highlights that  15 

(i) Cd/CdS leads to an improvement in the photocatalytic activity for H2 generation; and (ii) adding 
Na2S2O3·5H2O into the solution containing cadmium ions to prepare Cd/CdS can 
effectively remove cadmium ion.  
 

1. Introduction 20 

Increasing awareness of the importance of energy crisis and 
environmental pollution has stimulated great progresses in the 
development of green renewable energy. Hydrogen has been 
regarded as a potential fuel for renewable energy. Photocatalytic 
water decomposition into hydrogen is avaluable approach to 25 

utilize solar energy.1-4 Heretofore, photocatalytic hydrogen 
generation from water on semiconductors has attracted increasing 
attention and developed rapidly.5-9 In particular, CdS is one of 
photocatalysts which is followed with great interests at present. 

CdS is one of the most important II–VI semiconductors with a 30 

direct bulk phase band gap (2.4 eV) that corresponds well with 
the electromagnetic spectrum of solar radiation, and also it has 
the advantage of more negative conduction band edge compared 
to the H+/H2 redox potential.10,11 In the light irradiation, the 
photoinduced charge separation upon excitation occurs in CdS. 35 

The electrons and holes are generated in the conduction band (CB) 
and valence band (VB) of the semiconductor, respectively. But in 
the photocatalyst CdS, generation of recombination sites between 
photogenerated electrons and holes is more or less inevitable.12,13 

There have been many efforts to find alternative ways to 40 

separate electrons and holes of CdS in order to make it more 
efficient in visible light absorption. The cocatalysts loaded on 
semiconductor photocatalysts can enable or increase the 
photocatalytic activities of the photocatalysts. In these 
photocatalytic reactions, cocatalysts play a key role in the 45 

production of H2, because they can delay the electron hole pair 
recombination. Moreover, cocatalysts offer low activation 

potentials for H2 evolution and often serve as the active sites to 
suppress the back reaction of water formation from the evolved 
H2. Some researchers have reported the semiconductor CdS14,15 50 

and its heterogeneous photocatalysis such as CdS-Pt nanorod 
heterostructures16, Ag-doped CdS nanoparticles,17,18 Core-Shell 
Au-CdS Nanocrystals,19 and Pt–PdS/CdS photocatalyst.20,21 
When the metal cocatalyst loads on semiconductor materials, a 
Schottky barrieris formed between the two, which acts as an 55 

efficient electron trap to prevent photogenerated electron-hole 
recombination. Consequently, it will result in higher 
photocatalytic activity for hydrogen production. Herein, we 
report that metal Cd serves as analogues of cocatalyst loaded on 
CdS for photocatalytic H2 production using sulfide and sulfite as 60 

sacrificial reagents under visible light. We found that the activity 
of CdS could be significantly increased by introducing metal Cd. 

What’s more, cadmium belongs to the very hazardous heavy 
metal group, and it can affect a variety of cellular roles, such as 
proliferation, apoptosis, differentiation, cell signaling, and gene 65 

expression.22  Because of the risk to human health and a variety 
of environmental problems,23,24 the heavy metal pollution has 
attracted intensive attention. Therefore, the control against heavy 
metal pollution is an important issue to tackle throughout the 
world. In order to create a healthy and good life for mankind, 70 

many methods have been employed for treatment of cadmium 
containing wastewater and polluted earth.25-30  Herein, we thought 
that a certain amount of Na2S2O3·5H2O solution was added to 
the solution containing cadmium ion to form Cd/CdS 
photocatalysts,31 so that it could effectively remove cadmium ion. 75 

Therefore, this is a green and effective way of controlling the 
pollution of heavy metals. We put forward a new method to 
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reclaim valuable raw materials from industrial wastewater and it 
will have a good application prospect. In our present work, we 
demonstrated a facile and rapid method to synthesize Cd/CdS 
photocatalysts using the solution containing CdSO4 and 
Na2S2O3·5H2O in the presence of simulated solar irradiation at 5 

room temperature. It could not only effectively remove cadmium 
ion but it was able to produce hydrogen efficiently under visible 
light irradiation.  

 
2. Experimental 10 

2.1. Preparation of Cd/CdS photocatalysts 

All starting materials and reagents were commercially available 
and used without further purification. In a typical synthesis, a 40 
ml solution containing 0.15 M CdSO4 · 8/3H2O and 1.2 M 
Na2S2O3 · 5H2O in a beaker was used as precursor under 15 

vigorous stirring for 20 min and by sonication for 30 min. The 
beaker is then placed under a simulated solar lamp (Aulight, 
CEL- HXF300) and kept stirring. When the lamp is turned on, a 
photochemical reaction takes place. A gray-yellow precipitate is 
slowly generated with the reaction time in the presence of 20 

simulated solar irradiation at room temperature. After 24 h, the 
gray-yellow precipitate composed of Cd and CdS had formed 
over the whole solution. We varied the molar ratio of 
Na2S2O3·5H2O to cadmium salt, represented as R, from 5 to 10 
while keeping the CdSO4 concentration fixed. When Cd/CdS 25 

were put into 0.1 M nitric acid, pure CdS formed after several 
minutes. Finally, the resulting Cd/CdS photocatalysts were 
centrifuged and subsequently washed with deionized water and 
ethanol, then dried in vacuum at 60 oC for 8 h.  
 30 

2.2. Photocatalytic activity  

About 0.15 g of Cd/CdS photocatalyst powders was dispersed in 
100 mL of aqueous solution containing 0.5 M Na2S and 0.5 M 
Na2SO3 as the sacrificial reagents in the reactor under the vertical 
irradiation of a 300 W Xe lamp. The suspension was then 35 

thoroughly degassed and irradiated by a 300 W Xe lamp (Aulight, 
CEL-HXF300) which is equipped with an optical filter (0.1 M 
NaNO2 aqueous solution) to cut off the light in the ultraviolet 
region. The amounts of H2 evolution were measured by using a 
gas chromatography (QC-9101, 5Å-column) with thermal 40 

conductivity detector (TCD) and Ar as carrier gas. 
 

2.3. Characterization 

X-ray diffraction patterns (XRD) of the prepared metal oxides 
were recorded on a Rigaku X-ray diffractometer D/MAX-45 

2200/PC equipped with Cu K α radiation(40 kV, 20 mA). 
Scanning electron microscopy (SEM) images were obtained 
using JSM-6701F. UV–vis diffuse reflectance spectra were 
measured using Shimadzu UV-3100 spectrophotometer. The 
reflectance spectra were transformed to absorption intensity by 50 

using Kubelka–Munk method. X-ray photoelectron spectroscopic 
(XPS) characterizations were performed on PHI5702 
photoelectron spectrometer. Binding energy was referred to C 1s 
(284.80 eV). Nitrogen adsorption-desorption isotherms and the 
Brunauer-Emmett-Teller (BET) surface areas were collected at 77 55 

K on a TriStar II 3020 system. Steady and time-resolved 
fluorescence emission spectra were recorded at room temperature 
with a fluorescence spectrophotometer (PE, LS-55). 

 

3. Results and discussion 60 

3.1. Cd/CdS photocatalysts structure and optical 

characterization 
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Fig. 1 XRD patterns of the as-synthesized Cd/CdS photocatalysts with 
different R values. 65 

 
Fig.1 shows the X-ray diffraction (XRD) patterns of the pure 

CdS and Cd/CdS photocatalysts with different R values. It can be 
seen that the as-prepared serial Cd/CdS photocatalysts possess 
similar XRD patterns. All of these samples give rise to diffraction 70 

peaks of hawleyite CdS phase with lattice constant a = 5.818 Å 
(JCPDS No. 10-0454). The main diffraction peak positions of the 
obtained products appear at 26.53º, 43.95ºand 51.95º, which 
correspond to the (111), (220), and (311) crystal faces of CdS, 
respectively. Peaks at 31.79º, 34.67º, 38.27ºand others show the 75 

existence of metallic cadmium (JCPDS No. 65-3363). These 
diffraction peaks of CdS and metallic cadmium are consistent 
with the previous report.32 Obviously, upon further increase of the 
content of Na2S2O3·5H2O, the main diffraction peak positions 
of metallic cadmium decreases, indicating it was probably that 80 

the content of metallic cadmium decreased along with increasing 
amount of Na2S2O3·5H2O. 

 

Page 3 of 9 Green Chemistry

G
re

en
C

he
m

is
tr

y
A

cc
ep

te
d

M
an

us
cr

ip
t



5 

10 

15 

20 

25 

 

This journal is

400

 
A

bs
or

ba
nc

e 
/ a

.u
.

Fig. 2 UV-Vis d
evaluation from t

The UV-Vis 
photocatalysts 
these spectra ar
Interestingly, w
show almost th
edge in 450-5
Because of t
Cd/CdS photoc
the photocataly
evolution from
comparison, w
indicates that 
samples. The 
estimated from
of Fig. 2) . Wh
of the samples
2.35 eV, which
indicates that 
since the optic
free-carrier ab
speculated that
activity. 

 
3.2. Photocata

0

200

400

600

800

1000

1200

1400

1600

1800

 
T

he
 a

m
ou

n
t 

of
  h

yd
ro

ge
n

 e
vo

lu
ti

on
 (
μ

m
ol

/h
)

pure

s © The Roya

450 50

2.0

 R
 R
 R
 R
 R

(a
hv

)2

Wa

diffuse reflectance
the plots of (αhν)

 diffuse reflect
at various val

re recorded in t
with increasing
he same absorp
500 nm, which
the characteris
catalysts mentio
ytic activity of C
m UV-Vis dif

we find a smal
there is a decr
direct band 

m the (αhν)2 ver
hen the R value 
s are approxima
h is lower than
these samples 

cal absorption i
sorption of the
t these samples

alytic activity 

RR=5e CdS

al Society of C

00 550

2.2 2.4 2.6 2.8

R=5
R=6
R=7
R=8
R=10

 

hv/ eV

avelength (nm)

 

espectra of sampl
)2 versus photon e

tance absorptio
ues of R are s

the wavelength 
g R value, all 
ption profile wi
h is independe
stic of the a
oned above, it i
Cd/CdS photoc
ffuse reflectan
ll red-shift for 
rease in energy
gap values of
rsus photon en
is equal to 5, 6
ately equal and

n that for R= 8 
have greater c

in this wavelen
e conduction e
s may have a h

 

 

RR=7R=6  

Samples

Chemistry [yea

600 650

3.0 3.2 3.4

 
 

les.The inset isba
energy (hν). 

on spectra of C
shown in Fig. 
range of 400-6
these photoca

ith a steep abso
ent of the R v
absorption pea
s difficult to es

catalysts for hyd
nce spectra.33

the samples, 
y band gap of
f the samples 
ergy (hν) plot
 and 7, the band

d are estimated
and 10 (2.42 e

carrier concentr
ngth region is d
electrons. Thus
higher photoca

 

R=10R=8

ar]

 
and gap 

Cd/CdS 
2. All 

650 nm. 
atalysts 
orption 
values. 
aks of 
stimate 
drogen 

After 
which 

f these 
 were 
(insert 

nd gaps 
d to be 
eV). It 
tration, 
due to 
s, it is 
atalytic 

 

Fig55 

Cd/
100
sou
solu

40 

Fig
val
sig
alo
obs195 

con
the
sam
R
ma200 

Cd
of 
wh
pho
and205 

sem
pro
cha
the
the210 

val
37.
evo
and
pho215 

H2-
sur
hen
for
Cd220 

pho

g. 3 Comparison o
/CdS with differe
0 mL 0.5 M Na2S
urce: Xe lamp (3
ution).  

g. 3 shows H2

lues of R unde
nificant influen

one, a relative
served as exp
nduction band (
e presence of a
mple Cd/CdS (R

becomes 7, t
aximum value o
S, and the H2-p
most semicond

hy the photo
otocatalystsis h
d transfers cha
miconductor, s
obability of the 
arge carriers to 
e photocatalytic
e introduction o
lue is 5, 6, 7, 8
.11%, 40.8% an
olution first inc
d then decrease
otocatalytic act
-production rat
rplus Cd can w
nce suppressing

hydrogen evol
is crucial for o

otocatalysts. 

Journal N

of the visible-ligh
ent values of R for
SO3-Na2S aqueou
00 W) with an o

evolution on C
er visible light
nce on the phot
ly low photo

pected due to
(CB) electrons 
n amount of m
R=5) is slightly
the average H

of 1753 μmol/h,
production rate
ductor photoca
ocatalytic acti
igher than that 

annels of the e
o it effectivel
photoexcited e
form reactive 

c activity of Cd
of Cd. With ICP
 and 10, the co

nd 41.61%, resp
creases with in
es. In particular
tivity dramatica
e of 917 μmol/

work as an optic
g further enhanc
lution. As a co

optimizing the p

Name, [year],

ht photocatalytic 
or the H2 producti
us solution (sacrifi
optical filter (0.1

 

Cd/CdS photoca
t. Metallic cadm
tocatalytic activ
ocatalytic H2-p
o the rapid r
and valence ba

metallic cadmiu
y enhanced to 7
H2-production 
, nearly 7.5 tim

e is significantly
atalysts. There 
ivity of the 
of CdS: Cd ser
electrons gene
ly decreases t
electron hole p
species. The re

dS photocatalys
P tests we foun
ontent of Cd is
pectively. Howe
ncreasing the v
ar, when R valu
ally decreases,
l/h. This is pro
cal filter to shi

ncement of phot
onsequence, a s
photocatalytic a

 

 

, [vol], 00–00 

activities of samp
ion. Catalyst (0.1
ficial reagent); L
 M NaNO2 aque

atalysts at vari
mium exhibite
vity. For pure C
roduction rate
recombination 
and (VB) holes
um, the activity
740 μmol/h. Wh
rate reaches 

mes of that for p
y greater than t
is a main rea

serial Cd/C
rves as an accep
erated in the C
the recombinat
airs, leaving m
esults indicate t
sts is improved
nd out when th
s 53.02%, 46.63
ever, the rate of
alue of R up t
ue reaches 10, 
, with an aver
bably because 
ield incident lig
tocatalytic activ
suitable content
activity of Cd/C

 

 |3 

ples 
5 g); 
ight 

eous 

ous 
d a 

CdS 
e is 

of 
. In 

y of 
hen 
the 

pure 
that 

ason 
CdS 
ptor 
CdS 
tion 

more 
that 

d by 
e R 
3%, 
f H2 
o 7 
the 

rage 
the 

ght, 
vity 
t of 

CdS 

Page 4 of 9Green Chemistry

G
re

en
C

he
m

is
tr

y
A

cc
ep

te
d

M
an

us
cr

ip
t



 

4|J

Fig

pho

Cd5 

 

inf
tak
sho10 

an
syn
cle
nu
mi15 

sho
spa
(1
nm

Journal Name

g. 4 Typical SEM

otocatalysts (R=7

d/CdS. 

To further ob
formation, scan
ken to directly a
ows the SEM i

nd agglomerate
nthesized Cd/C
early illustrates 
umber of aggre
icroscopy  (HR
own  in  Fig.  4
acing is measur
11) crystallogra

mmatches the C

e, [year], [vol]

M images of as-pre

7); (C)High resolu

btain the micro
nning electron 
analyze the mor
mage of CdS, w
d. As shown 

CdS photocataly
 individual nan

egates. A high
RTEM)  image 
4(C). It shows d
red to be equal
aphic face of C

Cd (002) plane. 

], 00–00 

epared(A) CdS an

ution TEM (HR-T

oscopic polycr
microscopy (

rphology of the
which is nearly
in Fig. 4(B), 

ysts are spherica
noparticles as w
h-resolution tran

 of  the Cd/Cd
distinct lattice f
l to 0.34 nm, co

CdS. The fringe 

 

 

nd (B)Cd/CdS 

TEM) image of 

rystalline struc
(SEM) images 
e samples. Fig.4
y spherical in sh

the crystallites
al. The microgr

well as a very sm
nsmission elec
dS photocatalys
fringe, of which
orresponding to

distances d = 0

T

cture 
are 

4(A) 
hape 
s of 
raph 
mall 

ctron  
stsis  

h the 
o the 
0.28 

40 

This journal is 

1000 8

175 170

In
te

ns
it

y(
C

.P
.S

)

Bindin

 

A

In
te

n
si

ty
(C

.P
.S

)
 

408 407

B

CdⅡ3d
 

In
te

n
si

ty
(C

.P
.S

)

1000 8

175 170

In
te

ns
it

y(
C

.P
.S

)

Bindin

 

In
te

n
si

ty
(C

.P
.S

)

C

 

408 407

 

D

CdⅡ3d5

In
te

n
si

ty
(C

.P
.S

)

© The Royal 

800 600

165 160 155

S2p

ng Energy (e.V)

 

 

 

Binding Ene

 

C

7 406 405

 Binding Ene

5/2

 

800 600

165 160 155

S2p

ng Energy (e.V)

 

 

Binding Ene

C

 

7 406 405

 

5/2

Binding Ene

 

Society of Ch

400 200

416 412 408

Cd3

Cd3d3/2

In
te

ns
it

y(
C

.P
.S

)

Binding Energ

 

 

S2

ergy (e.V)

Cd3d

5 404 403
ergy (e.V)

Cd03d5/2

400 200

416 412 408 4

In
te

n
si

ty
(C

.P
.S

)

Binding Energ

C

Cd3d3/2

 

 

ergy (e.V)

S2p

Cd3d

5 404 403

Cd03d5/2

ergy (e.V)

hemistry [year

0

404 400

3d5/2

gy (e.V)

 

2p

 

3 402

 

0

404 400
gy (e.V)

Cd3d5/2

 

p

 

3 402

 

r] 

 

Page 5 of 9 Green Chemistry

G
re

en
C

he
m

is
tr

y
A

cc
ep

te
d

M
an

us
cr

ip
t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |5 

Fig. 5 XPS spectra of the Cd/CdS (R=7) photocatalysts: (A) and (B) 
before reaction; (C) and (D) after reaction. 

The binding energies of electrons determined by X-ray 
photoemission spectroscopy (XPS) provide useful information of 
the Cd/CdS photocatalysts(R=7) before and after photocatalytic 5 

reaction(Fig. 5). The strong cadmium peak and sulfur peak are 
found in the spectra. The binding energy corresponding to Cd 
3d3/2 and 3d5/2 is 411.8 eV and 405.3 eV, and the distinct peak of 
S2p at 161.7 eV corresponds to S2- of CdS nanoparticles, which is 
in agreement with the literatures.34,35 Furthermore, the atomic 10 

concentration of cadmium and sulfur can be calculated based on 
the peak area.32 Cd/CdS(R=7) shows the contents of Cd and S 
elements are 65.1 at% and 34.9 at% before reaction, while 65.3% 
Cd and 34.7% S for Cd/CdS after reaction. It can be concluded 
that molar proportion of Cd/CdS is equal to 0.86:1 and 0.88:1 15 

before reaction and after reaction, respectively. In Fig. 5(B) and 
(D), the Cd 3d5/2 region displays the CdII 3d5/2 (405.4eV) and Cd0 
3d5/2 (405eV) peaks, which confirmed the presence of both Cd2+ 
and Cd0. In addition, the relative peak area of Cd2+ and Cd0 of the 
photocatalyst Cd/CdS can be quantified. The molar ratio of Cd2+ 20 

and Cd0 is 0.422 and 0.403 before reaction and after reaction, 
respectively. 
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Fig. 6 BET adsorption-desorption isotherms of  Cd/CdS (R=7). 

The N2 adsorption-desorption isotherm of the Cd/CdS(R=7) 25 

photocatalysts is depicted in Fig. 6. Specific surface area of the 
sample is approximately 14 m2g-1.  

A recycling of photocatalytic hydrogen evolution on the 
Cd/CdS(R=7) was invesigated to evaluate photocatalytic stability 
during a long-term photocatalytic reaction (Fig. 7(A)). In order to 30 

examine the reproducibility of the photocatalytic material and 
remove the dissolved gases, in every 2.5 h of reaction the reactor 
was evacuated and the photocatalytic experiment was repeated. 
For evaluating the photostability of the photocatalyst, the  
Cd/CdS(R=7)  after  the  first  run  was  picked  out  from  the  35 

sacrificial reagent solution, washed with distilled water, and then 
dried at 80 oC . The same photocatalyst was used for the second 
and third run of the photochemical reaction under the same 
conditions. The activity was found to be almost the same in three 
repeated runs. Fig. 7(A) shows a typical reaction time course for 40 

H2 evolution from an aqueous Na2SO3/Na2S solution over 
Cd/CdS(R=7) under visible-light irradiation (λ > 400 nm). The 
initial H2-production rate reached 955 μmol/h. In the next run, the 
rate of hydrogen evolution mildly declined. However, the 

hydrogen evolution rate still remained 847 μmol/h after the third 45 

run reaction. The decrease in the rate of hydrogen evolution 
might be related to the deactivation of the photocatalyst or 
attributed to the consumption of the sacrificial reagents in the 
solution.37 Control experiments indicated that no appreciable 
hydrogen production was detected in the dark, suggesting that 50 

hydrogen was produced by photocatalytic reactions on the 
photocatalyst under visible-light irradiation. After the 
photocatalytic reaction, we collected the photocatalyst powders 
and washed with distilled water for several times. Then, the 
corresponding XRD patterns of the photocatalysts before and 55 

after the photocatalytic reaction in Fig. 7(B) have no notable 
differences. It proved that the photocatalyst was stable enough 
during the reaction.  
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Fig. 7 (A) A test of the stability of the Cd/CdS(R=7) photocatalysts for 
photocatalytic hydrogen production. (B) XRD patterns of the Cd/CdS 
photocatalysts (R=7): (a) before reaction and (b) after reaction. 

Photoluminescence (PL) analysis was employed to investigate 
the migration, transfer and separation efficiencies of photo-65 

generated electrons and holes in semiconductors, since PL 
emission of semiconductor mainly arises from the charge carrier 
recombination. Fig.8 shows the room temperature 
photoluminescence spectra of pure CdS and Cd/CdS 
photocatalysts with an excitation wavelength of 650 nm. This PL 70 

band is a sulfur vacancy related emission which is generally 
attributed to the recombination of an electron trapped in a sulfur 
vacancy with a hole in the valance band of CdS.38 The Cd/CdS 
photocatalysts give a similar band-to-band fluorescence emission 
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holes. In the present work, photocatalytic H2-production activity 
of the prepared Cd/CdS photocatalysts was evaluated under 
visible-light irradiation using an aqueous Na2SO3/Na2S solution 
as a sacrificial reagent and Cd acted like cocatalyst. The 
sacrificial reagent can prevent sulfide photocatalysts from the 5 

photocorrosion by providing sacrificial electron donors to 
consume the photogenerated holes, and Cd can reduce the 
overpotential in the production of H2 from water and suppress the 
fast backward reaction as well. 

 10 

Conclusions 

A series of Cd/CdS photocatalysts with various molar ratios of 
Na2S2O3·5H2O to CdSO4 were successfully synthesized. Cd as 
analogues of cocatalyst introduced in the preparation of CdS was 
demonstrated as an efficient visible light (λ> 400 nm) responsive 15 

photocatalyst for hydrogen evolution in photocatalytic water 
splitting reaction. The experimental results showed that most of 
Cd/CdS photocatalysts had higher photocatalytic activity than 
pure CdS because of effective photoexcited electron hole pair 
separation. In addition, the reaction time and stability of the 20 

composite photocatalyst was enhanced a lot. Through this 
research we found that Cd had great influence on the 
photocatalytic activity of CdS, which could effectively prohibit 
the recombination of photogenerated electrons and holes and play 
an important role in the highly active photocatalysts for solar 25 

energy conversion. In summary, our experimental results 
demonstrated that a certain amount of Na2S2O3·5H2O solution 
added to the solution containing cadmium ion to form Cd/CdS 
photocatalysts could not only effectively remove cadmium ion 
but also produce hydrogen efficiently under visible light 30 

irradiation. Furthermore, this approach is a green and effective 
way to control the pollution of heavy metals. We put forward a 
new method to reclaim valuable raw materials from industrial 
wastewater, and it will have a good application prospect. 
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