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Abstract

In recent years, the environmental problems caused by the overuse of tetracycline and other anti-
biotics have become increasingly serious, and the related degradation catalysis research has also
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been carried out. ZnIn,S4 and g-C3N4 are both good photocatalysts, but a single catalyst has its own
limitations. Therefore, it is natural to combine the advantages of ZnIn,Ss; and g-C3N4 to form hete-
rojunction. In this paper, the characteristics of ZnIn;S; and g-C3N4 and their applications in envi-
ronmental degradation, the shortcomings of several traditional heterostructures and the charac-
teristics of Z-type heterostructures, as well as the feasibility of constructing ZnIn,Ss/g-CsN4 Z-type
heterostructures are reviewed, with a view to enlightening future experiments.
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Figure 1. Methods of treating tetracycline in water
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TR A R G W RAEDE R A R (RSB R R . IR, AR BRI
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Figure 2. Principle of photocatalytic reaction

B 2. Sttt R MRE

FR A BE - BV 0] K[ 7R 70 &8 < 1 SRR a4k, o AR Re A 2 AN 22 1, B4 (Valance
Band, VB)F1 577 (Conduction Band, CB)#J . /7 Tk (Valance Band Maximum, VBM) % 577 i Uiy
(Conduction Band Minimum, CBM)f# X AR A2EH7, HLAea 56 B AR N2 96 & (Band Gap). FEAEKGIEAL
ERLRE [F] B AT B8 G i R G Bl R S AL (IR T HOE R AT, SRR SR AE 7). Ay FLAr (5 5
HERETT)~ T BRI BT 40 B R B PR 1) 3 T A8 S s 7 T 8

AR — B A B, TiO,. ZnO. WO S5 iy - AR A il & fai . o#e . MR FR e S0 S
BTz B TR R R, AR SR GE Bl A (R Re R S AME R O6) BR ) T o fb R . Rk, #4
LFATTHUAIR R B AL 2 AL S, 9140 ZningS,. g-CaNg 2545, IX 62 SR A ] £ 7 v fai 2, i HL
RUFART 5, X IAEE A HANAACHE, 805 A48 98 B2 A mT DRSO 2 (1w Wl PR, X 285l
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o ARIELRIR T HEIX T ZnIngS, 1 g-CoN, STt e, DAL BTG TERL Z B R iR 4s vl e, DA
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2. Znln,S, 4L B E R A &4y
2.1. ZnIn,S, fE{LTIEER

ZninS, & ABX, I =Jc & @by, BAHAMAETALE, G SON AR R WG 7).
JEIRGEHI I ZningS, BA =R @RI 3): 277 d& . 7S T7 e MIZE TR didk . ZEVT OB, ZningS, 1%
en BRI R UF GG RE ), I BAEFL R A Bl b, mT LG B A ETE A ZningS, gk 4544 .
VB —Fh gL B (o] Woam BEHEA T, Znin,S, /& —Fh B Hear B Sk, w5 B aT i 15(2.06~2.85 eV), fEH]
DG B X 3805 570 nm [8]. [FIR, S4E4HI4 @i CdS 9181 Sb,S; [10]4HEL,  Znin,S, ()P HT
N, FERRERAUISAA S S AT R HE R S HAL = oo & B AL 0 CuGaS,. ZngIngSe [11]554H
b, Znin,S, BT H R 2 Hso W AN 25 2 G i, I HAEGHEAGE R Znin,S, A #H4 R AP
FREME . I, Znin,S, AFLAR S A T o AR AAR « FREE AT« 5 Tl S50 s 51 & T AT 2 R,
FEF=E ZEMWEGEIE . G NG RIS ORI 45 2 U A &2 M [12]
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Figure 3. Three structures of ZnIn,S,

& 3. ZnIn,S, B = Fhes+a

BIR ZnIngS, BAT G @M, (HZ ZningS, U5ARAFAE 285, BUme 8 r a8k, #Bn T
TR JBESE, 8T B T4 B ZningS, G HEALRE DA A, 1Bk SR T Znin,S, (DG
fEALPERE . N T O Besk ni, BEFEN GUITRE 1 2k ZningS, AR LR RERORIT AL, AR AT 32
LRSI MERE . BB T

2.2. ZnIn,S, B4

MRHIAE A B gk e E A T AR . AR RSTFngs i 5 L BRI AL
JRARRIA S BRI, TR 2 ARG AR R TR AT RS K /N AT g R 42 1 s A M i — P i
Jii%. H 2003 4, Lei %A [8]5E — KIEIL /K HIE S B ZnIn,S, PIKERLISK, KT ZnIngS, TS 4% 1wt 5t
— HARREEFATI TG TN Znin,S, /& 2R 450, B LA SR F AR KRk A i — 4E 35,
TEGK F HES 1 R T R = 4R & SRR TE S TESRIRER 7 T LU Znin,S, 1 LR AR RO B, 18
AT LAY ZningS, (5 58 f T, 1F ZningS, % 6 56 2 B R T VE A7 55 o Shi [L31FIA 1 [ <A T7E H] % Znin,S,
(4 SR N 300 mg KRR =8N, VARISCAZK RN 2 R AW 4 R ER (110) S4 TH K ZningS, 44
Ko IXPh g BE 2 3R TG PR s 1) ZningS, 4K I 1 L5388 ZningS, 99K Fr BE 5 B G AL is £

Gou [14]55 FHZK#GEKE ZnIngS, BCU 5 8% T2 O BT b, T4 HGM/ZnIn S, 2 5e 4514 . &5
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RELAL KH550 St 5 1028 DB ER R T Znin,S, £ K392, BYLKZRIEM R . ZEF A A WOk
MEAFUAUREE T A, T BE ST R 13ROIk Znin,S, B e K it 2. BHHIRSEAE,
FERIUR FHOCHE S N B B R AP RO AL B e

2.3. ZnIn,S, FESLAE AL RS 34 75 R R R

A TG R T BTG Gy nT DUR A S SR AR S A B R 28R, ZningS, 76 25 BT G 77 TR 30
T BIFHTERE. BAn, Hu 25 8 SE7E T 3L (MB) 8 ZningS, AL FESE T Znin,S, 76 1] WG IR
R AR R T REYE, AR IR G5 A RN S AR SR X 15 e KBRS AN Al . Chen 28 A [15] LA 7 A1 )5
H ZnIngS, AN T3 A ZningS, B4 Al SRS (MO) I RE, 45 R IINL T ZnIngS, 78 3 h & ¥ Ffdtmi /< J5
ZnIn,S A AR T 52%, FREHSLITAH Znin,S, SRR T 7575 4 ZningS,. R T WIS, Hifth—
SeyS e B P By WIS ] LA ZningS, B3 A7

Lu [16]155 AR AT H AR TS S AT e e A S, 285 884 [F) i AR A VT WIAGVR E - ANIR] Znin,S, %00
F ANE pH &/ R TT G AL B MRCR (s . 25 R, W5 N 40 min,  ZnIngS, 4 kAT i
W B35 2 W B AT PR, ZningS, 3N &9 0.2 gLt iARAMITHIRE9 % 4 10 mg-L™*, pH N5 KA
I PR PR R B FE (LI 4), B R R ik 83.6%, W b2 45.8% (L4 5).
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Figure 4. Effect of pH on photocatalytic degradation of
fluvastatin by ZnIn,S,
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Figure 5. Mineralization of fluvastatin under different conditions

E 5. FRIFHTRMAMITHN KLIEE

[FI Znin,S, 48 % 5 H Al A7 52 & 18 DARE Al A 57058 . Guo S5 [17]3 0 K & eAn il - Ui
FiAMN % T — P8 =0 AgsPOL/g-CaN4/ZnIn,S,(ACZ) YA . 78 1] YGRS (k > 420 nm) N, ACZ &
A BB DU 3R 2 (TC) b i b % i 1) Ak 6 Ve & T B g-CaNg v ZnIn,S,+ AgsPO4/g-C3N,
AgsPOLZNIN,S, B g-CsNu/ZNnIn,S,e Fi e, 24 AgsPO, & EiAF] 3 wt% (ACZ-3)I, o H e )6 i
feiE P, ATLE 60 min P A 83%1) 20 mg/L I PU3A 2 (TC).

Zhang [18]55f It K LG W T A1 S IFI1ZnIn,S, B &G40, JFi@ ik XRD. BET. TEM. XPS. Raman
R 1 54 AR A AT A AT T VAN 00T o A BRI IO INN, W] LR 354858 Znin,S, b fi
TR AR S S K OVERE . 24 BRI & EIA F) 3 Wi, BEARS WS K BIVERE Bt . 60 min 7] LK &
157K COD fEFEMK 72%. SGHEAFIE AR UM FEE A, v LAdE— 4% COD {EF#IK 91% (W4 6).

3. g-C3N, LTI R B 2 A & 1Y
3.1. g-CsN, 4L FIHEIR

g-CaNy 1E TR EWIH- TR, FEOLMEMARIUSR I BRI L3 . tln, g-CoN, £ C. N
PIRRAEILER B R R TR AU, BRI E R G BURAMR; g-CaNy I =HEIA -G 2 R 2R 2
F B AR m AR E A 2 A (L 7)), DRI AT DR FIAE 2 M AL S5 A T s g-CaNy HOAFBRAE 2.7 eV
A, RIS, B AAH SRR RE .

SR, JidR g-CaNg FDGHEALTE MEIFA S, AR DG FRIE TR RA 0.1%. X TESTES
JRT g-CoNy ZEAS G BLAR,  LERTEARRAR, AT X R Hok, Bk g-CoNg B BRAHX BOR, X r]
GRS BAR A% Ot AW 460 nm ZiAy),  HAERISGE 58 A AOAR /N — B8 20 T IO iy HLJR 46 e fk
9-CoNy BT - 2R B, AR TICRB AL, Xk g ™ E IR T g-CoNy ISEFRR -
N T 5 g-CaNy BIOGHEAL TERE, BIFFEN AAE g-CoNy KA ORI T5 TS 1 R B RIRT AL, E45 4% g-CsNy
L FE RIS RBRE S X 9-CoN, AT &R AR & R B2 DA ol 74 (L 8). K g-CaNy 53
fln - FARRATE A E IR

3.2. g-C3N, BBt
TEFESRAE T, B HTA A g-CaN, S0 1 B8 5 M [E I ERTE g-CaNy, JEEERITRSF 25 5711 g-CaN,
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Figure 6. Performance of the graphene/ZnIn,S, photocatalytic degradation of oily-polluted wastewater over
different conditions: graphene content (a), photocatalyst amount (b), different methods (c) and pH value (d)

[E 6. BEMESIHISKIVMEE((Q) AAEHSEXNAEMH/ZnInS, KEAFER S MISKMERENFM, (b) ﬁj
FAEUTIE EXTAFBIH/ZnInS, SAENERE L ISR, (¢) ARRGIEIIPEMRES HITKIERE
F0, (d) FEREY pH EXT L R AR S HISKIEEERIFM)
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N N N N)\\I
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Figure 7. Two chemical structures of g-C3N,
[ 7. g-C3N, B P ML F 454
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Figure 8. Schematic diagram of liquid phase cyclohexene oxidation using g-CsN,
supported Cu monoatom

8. M g-C;N, 713k Cu B E FRTHRENRCEKREUREE

AR I —HEGORE RIFRIR IR g-CoNy LUSe— S8 HAMRFIR LS g-CoNyo BFFLRM], g-CoNy ITESUAIE
AT T 2 18] 3 3 I BR R o TSN g-CaNy HUSEMA 2 ZERBAE =ANJ7 1 - 1) BRIZEE QK 7 0K
ZARBRAR B TS ATR RE S 25 32 157 9-CaNy F LR TR, AT 1 95 OGS 't iR oA 5 B i i #fid 2) 40K
FNGNAAE ERPIR TS 2 R g-CaN, FHL TR A B, 508 oSl O RV Bl s 3) 24 g-CNy 1Y
JEFEAREIT, e BRI T A g-CaNg PRI 284 1 A FR O R i 0 2 Ak, DRI RIS 1 oA e 17 - 20RO
MIRER, XX g-CaNy KOLAEALIEVERA BRI AIIER] -

g-CaNy 492K J7(9-CNNs)2 — Rt A sp3 Z: LR & Sk, EAMUINA JUITES LR [ 51,
AR T A DG HL T R R 5 i . FIBRAA g-CoNg AHEE, g-CNNs A #FZfLsi: Ll g-CNNs
P TR AR AR SN = & AR A PR s TR RT3, g-CNNs (977 B3 K g-CNINs £
R ERA R A R DI, RRBRAATR g-CoNg MUK 9-CaNy 40K 5 2 g-CaN, (Rt fiE
PERERF B R FMIRTE. B, T4k g-CoNy UK iy ERIIR AR RERIICE Z IS, HFHER S5
SN A, TR B SEFREAT s Ji, e RGE R [ S R4 de 1 e E 37 A g-CsNy RIS
FIRMAIE, JFHINE 7 AR LS, AR T RERBURIEA RO 7Ot T - %
TSR G BUAh, R L H N g-CoNg IRCMESE I TS Z AW BEME,  ELUnTE g-CNNs I 3%
B EATIE S AV AC PRI B LR RT DUA RO e Ol A 1A S 8 31 g 2 A o B A7) R R 58
SR )

3.3. g-CN, IS BB IS RS AR N A

N g-CoNg YA RERF AL 1 32 5 e A 2R, BRI LRI 2R 06 (MB) [19]. HEERE(MO)
[20]F0 % £+ 8] B (RhB) [21]1%)F1/Nr T & W (R [22] [23] [24]+ 2,4- K3 (2,4-DCP) [25]. 2,4,6-—4
E/y(2,4,6-TCP) [25]. HIHBEAEEK[26]. ZFE[27] [28]. NO [29]A1 Cr(VI) [30] [31]4%). JEMER, g-CsN,
iR B W T - TR0, BT S5RAS TS, B 5KG TR, IR =R
PRl = FhE R T I AR, BE h'S -0, FI-OH. IR By MR 1 iR A WL R A LG ML /il NO 5
TR T2 — R A SON AT AE B HNOg. HNO,, AT SEILNS & NO A& 1§16 [32] -

Chen [33]5 DA =SRR8 SRR, R FH 4 SRR ARE RIS 9-CaNy, 435 TiO, Hi Gk i i 7k #4
A AR T 2R g-CoNo/TiO, bRl g5 R oR, IR NP4 5 DURT ST, RAEATA 90 min
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If, g-CsN, 5 TiO, & HikiE A 12:100 ) g-CsNy/TiO, % TC (IR AR 1% 88.43% (L& 9), TiO, % TC
(I FEfARZE N 64.73%, BRfRZRIET 40%;: B pHAE N 7 (WL 10). H 4 IR ENSUEH S B2 T 4 RF
£ 84.34% (LI 11), 15t W B RHA 5 e P e A R RS e 1
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Figure 9. Effect of different ratio on the degradation rate of TC
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Figure 10. Effect of different pH on the degradation rate of TC
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Figure 11. Effect of cycling runs on the degradation rate of TC
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Yin [34]% L ZnCo,04 TMERFELAZEREAIEL, R AR HOR AT 100°CIHIR 12 h 77 %4 T
9-C3Ny 712 ZnCo,0, E &KL, FFHEEL T g-CiNJ/ZnCo,0, H &M BN UMK KDL M RE /1. S5 R
KW, ZnCo,0,5 g-CsN, Z IR M R 4E 450, 25 58 BE(H 9 1.73 eV fER] WLEIRSS T, ZnCo,0, 115k
AT () B R R AEAR T CoN MBS I8, m BRI 3R, A 28U HE T ZnCo,0, A LT (e7) Rk AR 25 7 (h ) o
B, ZnCo,0, HIMAE 227U YAk B R DU 2K W E 2R 3. 2 g-C3N, 71334 10% (10% g-CsNy)
WL 12), BEMEIZBH R EFCMHEA R, £ WG T, ¥R EIRE N 10 mg/L FIPIFRE
TR (CaaH 24N, Opg) B A 2 B2 1 11 90.02% (L% 13).

5%g-CN, 10%g-C.N, 20%g-C N |
80 -
60 |- ZnCo O
g-CN,
40 -
20+
0

AL

Figure 12. Comparison of degradation effects of different
materials on tetracycline
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Figure 13. UV-Vis spectra and corresponding degradation

rate of tetracycline solution of g-C3N4,/ZnCo,0, composite

at different photocatalytic time
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4, BRREEN
4.1. RERGEER

ToiR R ZnIngS, 3872 g-CaNy, J6AE HL 75 7O IR 73 B9 25 30 0 2 PR e AT 182 FH 1) 2 2 5L [T [35] [36]
T FRPIEA S, BFAE AR TR RN, WAES RS EIB%(C [37], Fe [38]%F). Tr&/mYKAL
THIVIF(AU [39], Pt [40], Ag [41]55). Z LM R & [42] [43]F0 57 )5 45 2 & (TiOL/g-C3N, [44],
Ag:PO4/g-CsN, [45], ZnO/g-CsNy [46]F1 In,04/ZNnIN,S, [12]4F). fEXEEEEIE T, SRS Bl N IMHDE
A HLF RIS S A (R S8OR A T 1D SRS

SR S5 AR PN AN R el 4 A 1) 2 SR G T ) i . R A R I RAE T E A T
KIS BRI AT 56 78, RIS RS LIS LA AL 1) BRI AT 25 2) BRI T
Fifirs 3) AL G SN AR 2 B o IR e U A T 4 T DA RS s A A T BE[47] [48]

4.2. RREGRISTE
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Figure 14. Three types of heterojunction
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Figure 15. Schematic diagram of Z-type reaction structure of photosynthesis
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Figure 16. Schematic diagram of charge transfer mechanism of liquid Z-type he-
terojunction
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Figure 17. Schematic diagram of charge transfer mechanism in all solid Z-type heterojunction
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Figure 18. Schematic diagram of charge transfer mechanism in direct Z-type heterojunction
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