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Abstract

In recent years, the process of industrialization has become more and more rapid, and a large number of
dirty organic dyes have been discharged into water bodies, and water pollution is one of the problems that
seriously endanger the environment. Organic pollutants from industrial wastewater, domestic sewage and the
inflow of hard-to-degrade drugs into water bodies due to the incorrect use of pesticides are the three major
sources of water pollution. Therefore, it is very urgent to solve the problem of water pollution, and
photocatalytic technology is one of the effective methods to solve the above problems. The most important
thing in photocatalysts is the selection of suitable and high performance catalysts. Metal sulfides are known
to be catalytic materials with good photoelectric response due to their suitable band gap as well as good light
absorption range. Among them, cadmium sulfide is one of the important catalysts for photocatalytic
degradation in metal sulfides. However, cadmium sulfide alone suffers from defects such as high
photogenerated electron complex rate and photocorrosion, which seriously restrict the photocatalytic
performance of cadmium sulfide. These defects can be effectively remedied by metal deposition, doping, and
coupling with other semiconductors. In this work, we used cadmium sulfide as the basic photocatalyst and
modified it to improve the photocatalytic activity:

(1) In the initial study, we fabricated hollow CdS heterojunctions incorporated with lamellar carbon
nitride. Solid Cd(OH)CI precursors were prepared in an oil bath, and the hollow "capsule" CdS was
synthesized by the self-sacrificial template method at room temperature with mechanical stirring and
ultrasonication, and the one-step self-assembly of the hollow CdS was interspersed with layers of carbon
nitride to form a compact CdS@g-CsN4 heterostructure. The hollow-structured CdS, which reduces the
carrier recombination rate due to increased light reflection, is coupled to carbon nitride, which exhibits highly
efficient photocatalytic pollutant degradation activity due to its matched bandgap and the close contact at the
interface, which results in the rapid separation of photogenerated electrons from holes. Finally, we have
analyzed its degradation mechanism in detail and discussed further. However, the stability of CdS needs to
be improved due to its inherent photocorrosion defect.

(2) The second study enhanced the stability of the first work by modifying it. In this study, g-CsN4+@Cd-
CdS(Cd-CSCN) composites with exceptional photocatalytic properties were synthesized through in-situ
reduction of a layer of cadmium on the surface of hollow cadmium sulfide and its subsequent combination
with layered graphitic carbon nitride. The hollow structure of CdS exhibits a light-scattering phenomenon,
thereby significantly enhancing the light utilization efficiency. Moreover, the tightly bonded type-II
heterojunction between Cd-CdS and g-C3Ny effectively facilitates the separation of electrons and holes owing

to their well-matched band gaps. Among them, the presence of metallic Cd not only enhances the rate of



electron transfer but also confers a protective effect against photocorrosion in CdS. Consequently, Cd-CSCN
exhibits pronounced degradation of organic pollutants and superior photocatalytic stability under visible light
irradiation.

(3) In the third study, we successfully synthesized Cd-CdS/ZnIn,S4(Cd-CSZIS) heterojunctions with a
core-shell structure by growing ZnIn,S4 nanosheets on the outer surface of the Cd-CdS hollow structure,
resulting in exceptional photocatalytic degradation performance. The incorporation of Znln,S4 nanosheets
enhances the specific surface area of Cd-CdS, concurrently augmenting the number of active sites on the
surface to enhance solar efficiency. In this study, the heterostructure composed of ZnIn,S4 and Cd-CdS with
a suitable potential gradient, along with the synergistic effect of Cd metal, effectively enhances carrier
transport, prolongs carrier lifetime, and reduces recombination. Additionally, the core-shell nanostructure
provides abundant active sites. The optimized Cd-CSZIS has excellent ability to degrade pollutants and has
strong structural stability.

Key words: Cadmium sulfide; Carbon nitride; Metal sulfide; Photocatalytic degradation; Heterojunction



..
Abstract

1
1.1
1.2

1.3

1.4

1.5
2
2.1
2.2
2.3
2.4
2.5
FI3E
3.1
3.2

3.3

........................................................................................................................... I
......................................................................................................................... I
BEAL et 1
1 =TT 1
TEIEALRIEIR ..ottt 1
12,1 FEHEALHLIR .ot 1
1.2.2 FEHEAL R KLEIRBE IR (oo 2
BRACAR S SAGMEAEAEB oo 3
1.3.1 BRABER AT ERARZE R oo 3
1.3.2 BRALEE B TBTT I oo 4
1.3.3 BRABERIITESLE R oo 6
1.3.3 BRABLERZEFREE IR oo 8
FRALERIERT BT FEIUIR v 10
R 1 T 10
142 BRI oo 12
143 FZESEIRLE oot 13
BN L= N S 14
S SN L 1y SN 16
SIS GRS oo 16
S (1R SO 17
DL S =L v 17
D A AL OO 18
E IR TR IZIG oo 18
20 CAS@g-C3Na 57 51 45 IR B2 FEARIERER T oo 19
11T 19
LTI AR oottt 20
3.2.1 CAS FBHIIHTEE oottt 20
3.2.2 g-CaNa FEBHIIHIB oo 20
3.2.3 CAS@C3Ns EATEHIIFI AT oo 20
BEIL TR oottt 21



3.4 FEHEATEBETRIE oo 27

3.5 FEHEALERMEHLIE oo 28

3.6 ARBE/INGE oot 29
%45 SRS Cd-CdS@g-CaNa 5701 25 IR 3 K FERRPEREIE T oo, 30
A1 FU T cooeeeeeeee et ettt bbbttt ettt et et 30
R = B 1 O 31
4.2.1 g-CaNg P BHIIHIEE oo 31

4.2.2 CAS BT oottt 31

4.2.3 CA-CdS FEHITHIAL oot 31

4.2.4 A CA-CSCN-X FBHEIFIEE oo, 31

43 FERETTI et 32
A4 FEHEAPEBEZRIE oottt 38
4.5 FEHEALFEAEMLIE oot 41
B.6 ZRTEEIINGE oo 42
%5 B X FEEM Cd-CdS/ZnInaSa HIAE G S FEFRIERERE TE oo, 43
70 =TT 43
5.2 LTI HIEIEE oottt 44
5.2.1 CA-CAS FFBHIIHIBE oot 44

5.2.2 S EMEALIEBLEIBIAZ oo 44

53 BERGTTIR oo 45
5.4 FMEABETEBEZRAE oot 50
5.5 FEMEAEHLIEIIFTT oot 51
5.6 SUBE/INEE oot 52
R e 1) OO 53
0.1 I ottt 53
0.2 B oottt 54
BEZE TR vttt 55
PO 65
BT TP 66



F1E Zip BAFRFREFMIL

£

FLE %

<ls

1.1 8|18

B IAL R LR, KERMASME RGNS Z2EH, L. KA. HLIE. H
ZILL B I AT W AR e AL B N ROK GG R K B AR TR, PR E g 4e 1K B, X AR
LA KK AE G i 1 St =l R, TRACAT RESEE . A TE R AL B K A HLTS
BEMNRIBAR R AR EE o

GBS RV K ITTEA « ARV PREORI, PRl 22 BORPIDL R s R 1
RIS (AOPs) o PR AMN T ERAIEGEHT RPOK A AR HOR . HroufiEfl
R AN LS, SCEAEARBA W UEEF AR fEsR IR, HAGERE, RN
IS P12

1.2 FefEfLitR

1.2.1 StlELHIE

A SR IE O CBUR R, — 8 B RE BTG 9 ] P AR A e A St f
it B3 IR BT IR, A N PR AR T B e Ak A, ARYE A S ER R EE /R
T EEVHAE 1.23 eV Rt E. KA TR RN, SefE A S (CB) AL ZEL LA
AEFE A7, AR N AR AR B S B SRAR (VB B EL AR R BB 1E o BT LI T 6 Ak S A 1
BT, LSRR TR ERT 1.23 eV, XML SR 4 68 15 5 Wi 5 ] WG

RFTR A, e T BB AR P2 A A o DGR R A LR
JUNZER, (1)FSARROCIR A 06 E, (2)MEALTT A8 f 3~ A2 A B NS 3, (3)
R A A S ORI BRI R T, K BEE (O 2O E L TiE
JEONBA E HZE(-0), K RIS (OH) U B Atk N F2 2L H 25 (-OH), Jafifbid fe
AR RS T 5 25 B AR LTS e N TG BRI HoO I COp /NIr - fEFF A,
B M A R 3 S IR s B 22 N . P 1-1 i, B PARS T 5 I e BB i
AL FROE (D FERAR A0 FEUE () ZPIER (ND 3 Im 5
b o B TP DA AR T BT R BH MO AR I RE =, A BB AS FL 7 AR 7 BT 21 545
MTLEY 7 72 A2 23 (h D)



F1E Zip BAFRFREFMIL

Superoxide

Oz =) O,

N

pollutant :> o ,}VCOZ

H

Excitation

recombination

®
®
®

H:0 :(> ‘OH

Hydroxyl radical

11 6 SRR T R I

Figure 1-1 Photocatalytic mechanism for semiconductors exposed to light
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Figure 1-2 Structure diagram of CdS wurtzite and sphalerite
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Figure 1-3 Synthesis diagram of hollow CdS
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Figure 1-4 Schematic illusion for the formation of the CdS/CoO x core-shell NRs(a); Zeta potential of
pristine CdS NRs(b); TEM image of CdS NRs after impregnation(c); TEM image of CC-20 and the inset is
the corresponding HRTEM image(d)
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Figure 1-5 CdS catalysts with different morphologies
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Figure 1-6 SEM image of np-G(a); SEM images of CdS/np-rGO (b,c); TEM images of CdS/np-rGO (d);
HRTEM images of CdS/np-rGO(e,f)
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Figure 1-7 Possible photocatalytic mechanism of MoS; —-CdS/GDY-10% photocatalyst
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