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Fig. 1 Schematic diagrams of ABO; perovskite structure™!(a) and tri-s-triazine(b) and s-triazine(c) structures of g-C;N,
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#z 1 ABOy/g-CN, &b
Table 1 ABO;/g-C;N, composite photocatalyst
H, generation .
Photocatalyst Preparation Light source rate/ Deir)a(:itlon Reference
(umol'hfl'gfl) property
. . 350 W Xe lamp _ TC, 120 min,
SrTi0;/g-C3Ny Situ hydrothermal growth method (4>420 nm) 549, [26]
Pt/(SrTiO5/g-C3Ny) Thermal treatment process 500 szﬁile) lamp 552 - [41]
BaTiOs/g-C;N, Simple mixing-calcining method 200 \Yfﬁle) lamp - MO, 6 h, 76% [28]
. . .. 300 W Xe lamp RhB, 20 min,
BaTiOs/Au/g-CsN, Situ photo deposition process (full) 1769.3 99.8% [42]
CoTiOy/g-C5N, Situ growth method 300 Vz’ﬁﬁ; lamp 858 - [43]
. . L 300 W Xe lamp _ MO,
LaCo0O;/g-C3N, Facile mixed-calcination process (2>420 nm) 0.00346 min"" [44]
. . 300 W Xe lamp _ TC,
LaNiO;/g-CsN, Facile heat treatment method (A>420 nm) 0.00282 min”! [45]
Quasi-polymeric calcination 300 W Xe lamp _ TC, 120 min,
LaMnOs/g-C:N, method (A>420 nm) 61.4% [46]
. . . Brilliant
LaFeOy/g-C:N, Quasrpolyme;;llcdcalcmatlon 3(2;);?\;;)6 lzln)lp _ Blue(BB), [47]
metho " 0.06215 min”"
Facile photo-reduction deposition 400 W gold halide RhB, 60 min,
LaFeO,/Ag/g-CiN, and hydrothermal process lamp - 97.9% [48]
Y P (>400 nm) 77
N-LaTiOs/g-C3N, Sol-gel polymerized complex 100 W halogen lamp _ RhB, 40min, [49]
method (4=420 nm) 90%
Two 14 W white .
CaTiOy/g-CsN, Facile mixing method light LED bulbs - RhB ’71220? L 50)
(A>>420 nm) °
350 W Xe lamp B RhB, 120 min,
NaTaOs/g-C;Ny Solvothermal method (4>420 nm) 99.6% [27]
Ag/NaTaO;/ . . 300 W Xe lamp _ TC, 60 min,
0-CN, Facile photo-deposition process (4>420 nm) 05.47% [51]
. . 300 W Xe lamp _ RhB,
' 2>400 nm 0.02558 min~
KTaO;/g-CsN, Ultrasonic dispersion method | [52]
. . 300 W Xe lamp _ RhB, 60 min,
NaNbO,/g-C;N, Ultrasonic dispersion method (2>400 nm) 75% [52]
BiFeO;/g-C5N,/ ) 300 W Xe lamp _ o
Carbon nanotubes Hydrothermal synthesis (2>400 nm) MB, 5 h, 98% [53]
BiFeO;/graphene oxide L 300 W Xe lamp _ Cr(VI), 90 min,
sheets/g-CsN, Ultrasonic mixing method (2>400 nm) 100% [54]
300 W, 350 W .
BiFeOi/g-C;N, Chemical bonding method Xe lamp 122 MB, 80 min, [55]

(4>>400 nm)

nearly 100%
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& 2 BTO. CN Fll BTO/Au/CN K4 tHZH 4R

Fig. 2 Metallographic structures of BTO and CN and BTO/Au/CN: (a) SEM image, BTO; (b) TEM image, BTO; (c) TEM
image, CN; (d) TEM image, BTO/Au/CN; (e) HRTM image, BTO/Au

BaTiOs/Au/g-C3Ny Sl A7 . 10 B 2 i, BaTiO,
RIUNIEE 5~15 nm GPKRLTER, g-CsNy A 4EZ
AREER, TERE IR Au 99KKL 1) BaTiO; 99k
LRI LI ETEZAR g-C3Ny Eo Au BiFRR T 7624
HLF A BAE, 3 AT DL ik 2% 1 55 B AR SRR N R
WOrT WL, HEMRE A AR 2 g-CN, 1 CB 3
P XA

AR, CoTiO; 55 g-C3Ny EAWE R A
A RIFHE G . 2R sz s -k
JREH T CoTiOs 4K, SAJEME g-CiNL 4K
JEALAKAE CoTiO; |, #4453 CoTiOs/g-CsNy &
E AT CoTiOs/g-CsNy E A RHIHT A #E
Al 858 umol/(h-g). FE 5K Z CoTiO; 5 g-C3N,
YK B AE S b R A i, TR Co—O—N Al
Ti—O—N %,

2.2 ATaOs/g-C3Ny(A:Na. K F)E & EHLF

I KATO “5°25iF 52 NaTaO5 Lt TiO, 7 5 & i 9%
TGV, NaTaOs 18— R0 RII& e AT i
ZRIRI, M B TR A Ta i, REERELE 4k
M5 B K (3.6~4.0 V)00, FLREFE K FH Ot i fr 45
A XSk B e R, R, ATaOs FSEHRUSCRI
R N T & ATaO; Gl YT, 42 Hot
A, X s, i b SR

S R s OB TR A T B —

B G g S PTG b I VR R % T
NaTaO,/g-C3Ny 7l 45 5 GOt HTEn I
H D FH B. SLEKIL, 5 NaTaO; AL,
NaTaOs/g-C3Ny R IRCHT L R A, 2547 90 %
A, G RE B, G RIHERE M
A IE RS TR 5. TANG &P Ag gkk:
FIE I YEIE R EDURRAE NaTaO4/g-C3Ng IR, %
& T =70 Ag/NaTaOs/g-CsN, JefEfL7. Ag
YK IR AT I8 i 2 T 45 B8 TR O LR (SPR) 3
A IEME R, 784 g-CsNy Al NaTaOs - [A] B fif A4 4
FIMF G . Ag 9KRL ¥ L6 7 ol DL 2 3]
g-C;Ny. NaTaO; S, 1XAfif3 Ag/NaTaOs/
g-CsNy BBy H 7 % B K K& T NaTaOs/
g-CsNy, HEIM R 5E & 1 1% = Ju A A it 1k
R

FERRR KM, BR 7 NaTaOs;, KTaO;
AR 2 — T AR LA R, YONG
2L i A B A R A T KTaO4/g-C5Ny
HefEtbF. WK 3 B, KTaOs R AETEEAMEIX I
RAEM R, g-C3Nyg [R5 B 9 Rl BRAE AT WG X
3, 1M KTaOs/g-C3sNy 1] [R] 75 28 A FI AT Lo X ek A
AR N, e RIYE TR, R ERER R T
Ft.
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3 KTO(KTaO;). g-C;N, fll KTaO,/g-C5N, ] UV-Vis
DRS i)

Fig. 3 UV-Vis DRS spectra of KTO(KTa0;), g-C;N, and
KTaO3/g-C3N4[69]

2.3 LaBO;/g-C3N4(B:Mn. Fe. Co. Ni H)E&3%

L5

7E LaBO3(B:Mn. Fe. Co. Ni%§)#, Mn. Fe.
Co. Ni fEJCER AWIZRH T F— I, FAdiEx
F.o LaBO; MIJEMEILEHZE: O 1 2p HUE AN
#(VB), B AT 3d PUEM S (CB), 156
R, VB L7220k 2 KT B e g
CB I, M= A A f =23 Ok, o 3 T W B 4L
AL N L. OH .0, 25 H fidE, i 54kl
T RAEBMIE TR IRN, I RN TN T
T LaBO; FAF1E— @ B IMA SN, AT MIRER
DA R T A R R T R B AR . R B ARE
e A OB A TE A, T RE A AU BH Rk AR
TN E S, TRERDERERIRI 2.

GUO Z:VON i 22 T VR & I ATy ikl 46 7
Z 4 LaCoOs/g-C3N, JEHEA T . LaCoO5/g-C3Ny 75
SELE VYA 28 (TC) B B i o 22 0 H H A8 1 Ol e A
REAFRE T, TC MOLMALBFEEZREIL 92%. XTI
AR J9 il & m SO AR I — P ] S 2k iR
AR 7 105 LUO S i — ol 5 FO 9B 5 KB
% B g-CaNy 4k A 5 LaCoOs 9KR 145 & E—
i, HATTi4)E LaCoOs 1E A 2 Bh LT 7E
g-C3Ny FIRAAE K, FFEEEETE g-CNS 9K A 1
K . LaCoOs BT 243k g-CsNy B4
FRT LT, BRSO A BT =28 SO i 2 . JIN 2071
KA — SR BE R I & T — RIIAFE g-C3Ny

SEM Z TE LaCoOs/g-CsNy FREIEAL 7
LaCo0;/g-C3Ny(60%) & & 8 46 71 76 1] WL 5% %
R ) B AR B S DA T, TS S h SR
T IR AR 85% . MG IEAL TR PE R ZEA R T Z
A LaCoOs/g-C3Ny 5751 25 14 11 v AT 300 47 129 2850
RS Bt . LaCoOs/g-C3Ny [ 22 11
FESBIR()~G) IR

LaCo03/g-CsNythv(vis)—

LaCoO;(e+h")/g-C3Ny(e+h") (1)
H,0+h"(LaCoO;)—>+OH+H" (2)
Oy+e(g-C3Ny)—>+0;, 3)
*O, +Penol—by-products 4)
*OH+Penol—by-products ®)

BLIR B(LaNiOs)WE N R AR ESERD S5 F1 p Bf
Sk, BAAEMIARR . Har B, BEe 2
— B G S EAL . ZHOU 55N i 1 5
AT IEA AR T Z B LaNiO5/g-C3Ny 55
ek, W 4@Fb)Fin, RALH LaNiO;
(30%)/g-C3N, 2 & H# BHLaNiO; 5 SR B 1 30%)7E
AT LG HE T R B 2 1 DU PR 2R A e b U
#£(0.00282 min™"). & T LaCoOs fl LaNiOs;, LUO
M6l 04 LaMnO; 5\ g-CsNy th, R T B Z
77 % LaMnO;/g-C3Ny AT, LaMnOs/g-C3N, fF
fEE VU R 2= (TO) LR N 61.4%.

BRI B (LaFeOs) J& T 7 B SR (LA 2.0
eV), AR THE T EEFMERT. 2017 4,
ACHARYA %R I MLM R & 7 ik #l &% 7
LaFeO;/g-C3Ny, HAE AL TH I AE nl WEHE S 4 1152
umol/(h-g). ISMAEL %ot fif 8 kB ek & i 17
LaFeO;/g-CsNy Y], HTFEMZ P B 1 4-
FHRM . Y LaFeOs JTUE 7 HON 1.9%0), StlEiE
PEfaE. SR, HE—DHEN LaFeO; & &, Jufi
G TR X2 TEEMEF LaFeO; 1L
W, SEOLERTFM g-CNy 337 F] LaFeO; [
HLF R RS RCR RGN S BOBMAE M R . 5
—ANE R JE LaFeOs 7E g-CsNy IR R, {4
B =25 7O 2 B R A3, skl 7 ek
WM. WU YR e RSB I 5 A8 7 n B
g-CiNy UK B K p B LaFeO; ERE &1 KL
LaFeO5/g-C3Ny & & G HEAFITE AT WG HRG T x) 5%
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g-C3Ny. LaFeO; 1] 16.9 £5 A1 7.8 £ . Sin 4 HER A,
LaFeOs/g-C3Ny L5 B A B e T IR F R
0, FI«OH MZEE1ER -

RECAEIRLRT LaFeOs/g-C3N, oG
FHIIHRIE, {H LaFeOs/g-C3Ny X Y6+ HOF] H 1
A E AL N R . ., B X
LaFeO,/g-C3Ny 3B : 1 = n R4 51 T AR
GAO Z5hE I KA ikl 4 1 BAT W 3mim E 1
BT Z TTR=ZH6EATT LaFeOs/Ag/g-C3Ny
(Bl 5 fos), HTAERT WG T REMEZ PHI B FI2R
Myo Ag YKKLT IS5 FARILIRALS,, Al A 28
LaFeO;/g-CsNy KA REEY K, [FRF, g-C3Ngs
Ag Hl LaFeO; F'E% FAH BAEH LR &8 Ag =
L7 DK B 1Y) H A7 B RS TS LA A GE g-CaNy
LaFeO; JaA: =25 7O 40 B8, AT st (i AL
W

1.0 _@

0.9F

= — Blank
*—g-GN,
4 — LaNiO;
0.7 | v— LaNiO; (10%)/g-C;N,
+— LaNiO; (30%)/g-C;N,

«— LaNiO; (50%)/g-C;N,

06 1 1 1 1 1
0 20 40 60 80 100 120
Time/min

3 ST /AEHANKESNHENL
FIRYELALIE

AR A A E IR R &R B T &
=P SRR SH, XIS A R
HEACAE HE =23 ORI 43 B DA B FHEE AL AR 1)
H I, MR W R 2 S0 A 7 Rl A 28 R i
BT RIS N TR, TR Z AL

31 18, NARRKRE

TR SR A B, T 8RR 45k Sk
A VB KT S4A B, M CB & T B. A,
TESAZEMER T AR B =L 1T 28 1H B (1 CB ¥4,
AT A F1 B P24 1) h' 351 B 1) VB $ 4%, X FE7E B
FHREEZE AL, R T T RHRRS. X
R g T MR CB 5 VB AT 55—

0.6L = Blank, £=0.00011 min™! (b)
o 5-C;N,, k=0.00075 min™!

0.5 & LaNiO;, k=0.00072 min™!

v LaNiO; (10%)/g-C;N,, £=0.00189 min™'
0.4l + LaNiO; (30%)/g-C;N,, k=0.00282 min™!

« LaNiO, (50%)/g-C-N,, k=0.00167 min’!

—In(c/cy)

0 20 40 60 80 100 120
Time/min

4 AR R BEAR TC HBREIL IR l—23h )y 2 dh 421

Fig. 4 Photocatalytic activities(a) and pseudo-first-order kinetics curves(b) for degradation of TC solution over as-obtained

samples under visible light irradiation'*”’

AgNO;
H
g-C3N,
W -
Photo-reduction
deposition
LaFeO, LaFeO;/Ag

5 LaFeOsy/Ag/g-CN, I £ iU 28 i 1

LaFeO5/Ag/g-C5N,

Fig. 5 Schematic diagram of synthetic route of LaFeO5/Ag/g-C5Ny(c) **
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%, FEIN hmE B 1 VB B, XS A
WAy BIFEFI R Sk RE A, IRl R A RS N T
b Y SANA O R ORI = & s L1
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AR T LaMOsy/g-CsNy(M: Co, Mn, Fe)E &
MEL Hae B 6 fin. B4R, LaFeOs/g-C5Ny
REMEN T B4R, 1 LaCoOs/g-C3Ny-
LaMnOy/g-CsNy HEAMEL A T B 7 451 .
LaFeOs/g-CsNy JEIE L A TT 2 55 Joft 45 ¥4 v k2> H A
I INEiEYE. 5 LaFeOs/g-CsNy YefEAL
FIEE, LaMnOs/g-C3N,4 A1 LaCoOs/g-C3Ny, E & 114}
MR ERRAR, X5 AT R R A w1 1 A
TG R, FEORMAESRE H R, MR
il 7R .

" H, /-\v H
-L5r CN, (LaFeO, CNs (LaFe0,
- L M: Co, Mn
1.0 > o
i -0.5 - 0,
53]
o= O _* ....................................................... H+/H2
2 os| S g
> . @) A o0 D
= o) o} <
3 10} 2 g G
=t Q —
E ..................... TG e B 02/H2O
g 15f ~ A
o
(=%}
20 b
25t

6 LaMO,/g-C;N,M: Co, Mn, Fe)E &R
T

Fig. 6 Schematic diagram of energy band of LaMOs/g-
C3N4(M: Co, Mn, Fe) compositem]

32 ZBIRRYE

7 B SR EE BRI, B — Rl SRR R CB
TS SRk SR VB TS, T
1% H VB #1 CB L NI h' 5HF 50l kK EE A
W R . FHAMEANER G 7 B, BT g-C3Ny
] VB fH (1.56 V) 1K T «OH/OH (1.99 eV) #
*OH/H,0 (2.68 eV), (AT o H# H,O 73 F A OH &
FHAMANOH; H LaNiO; ) CB 1H(0.23 eV)&ET
0,/+0, (-0.33 eV), WIERH 0,17 N0, « MEE

P ZE RN g-CN il 1 h' 5 LaNiO; &5 -
(L4545, 1E g-CN, 9 CB B RAEIBJF [,
[FIf7E LaNiOs (1) VB R AESE AL B, Ftk, Z 8
FMEAE RS IHDEAE BTN E A, H R
UEHL A h" B B 8 A AL BE 1, RS SE 4T
R m G .

_~ Degradation
1 0, - products
l' = '
= \c\ /s::O2 \ —~TC
Gl d OICION
@ = VA«
Z ‘,,: E LaNiO,
20— o
= 023 -----—\ "_‘(\'l;,""> ) CB :‘4»
E "
5 1 — Recombine S
£ VB =
[ " : i,
2o D000 AL
2CN,
- N
4/ &
|

<&
Degradation ¢
products

7 FERT OGRS T LaNiOy/g-CoN, F#fiF TC [FotfiEfk
HLEE)
Fig. 7 Proposed photocatalytic mechanism for photo-

degradation of TC over LaNiOs/g-C;N, hybrid under visible

light irradiation'*”

AFERIL, 11 RLF BTE5 A Z Y SR o 4 vh P A
FARBET AN AL E AR . AT LU B A IR S5
BT B EALAR(ESR) 0 ATl il 25 2R, e D fiE
AN EL R USRI e 7 L (R EE AN i E AR ALY
HLAZ«OH/OH 5 P f - G4k VB IR EEAT ELB: K
0,/+0, S5Fif-F44 CB IMMEAT IR, FIWTRETS
£ CB L &40, , #E VB i B ™= E-OH. M
€ PR RAE IR,

I B R 45t T A W R B R — Al T
B, MEARE . BB 4SS A S [
Wk, BT 0 R EARK S, P
AR, B AT B i = A )RR AR 2 1
RHEIR T B TR, T B mgsh, W RN
BARALEN CB #eA2, FEL 7T HIEERES . 1M
Z Rpghih, T ERRAER CB LR TS5
FERGSALE VB B h B A, e 1# H B R



1864

hEA O RYR

2021 427 H

i CB AL B 7R A R N, BRI VB Az
B hORAEEA SR, X RERERE A HL TR h A
[EIRG S, SRIE T B B Bm A IE B g

4 REERIEE

KITEANG T ABO,/g-C3Ny A MRl 4
J7iE WEFRHUR DA AL, 8 2 AR
H ABO; ) B i & Tis Ta LA A 4 La f1E it
T8, B LN ABOs/g-CiNy AW RHE G i
At & CA BB WL B B g 7 T PR iF 9 gk e kAT
T4, BIRXT ABOs/g-CsNy B & G HEALFI KB 7T
CLARAT 7 F IR, (HAIIRAEAE — L8 ) 8 75 2
fi ks 1) ABOs/g-CsNy E &G AL FIE S 2 I A2
fE1E ABO; 5 g-CiNy EEAS MR #E; 2) HAl
XF ABOs/g-CsNy A A7 R 45 1 x ih&
B, EEEEETREUCECRN, WA 2R
T 42 fi 72 P8 DA R A 2850 fid TR R ) Y A e P B 1 52
M)

JEAEAGFE AR (1) 24l B B A2 il e 58 U5 A 2R 55 i)
W, PR TR ) £ AR A0 . B RAF o
PG HLRRUE B ABO3/g-CsNy & M HEATIFF A
FISEBRM, & MRz R R GRS
A SR 12 2 R A TR AL LB R IR N AT A B Bk
FR PP R, AL FLE S AR AR ek
BAREF R AT

REFERENCES

[1] JOURSHABANI M, LEE B K, SHARIATINIA Z. From
traditional strategies to Z-scheme configuration in graphitic
carbon nitride photocatalysts: Recent progress and future
challenges[J]. Applied Catalysis B (Environmental), 2020,
276: 119157.

[2] LI Hai-jin, TU Wen-guang, ZHOU Yong, et al. Z-Scheme
photocatalytic systems for promoting photocatalytic
performance: recent progress and future -challenges[J].
Advanced Science, 2016, 3(11): 1500389.

B1 & U, R ETRALSEMBREREZS Z B0
A R[] =R, 2017, 29(8): 846-858.

GE Ming, LI Zhen-lu.

All-solid-state ~ Z-scheme

photocatalytic ~ systems based on silver-containing

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

semiconductor materials[J]. Progress in Chemistry, 2017,
29(8): 846—858.

ZHOU Chao, SHI Run, WATERHOUSE G I N, et al. Recent
advances in niobium-based semiconductors for solar
hydrogen production[J]. Coordination Chemistry Reviews,
2020, 419: 213399.

RAHMAN Q I, ALI A, AHMAD N, et al. Synthesis and
characterization of CuO rods for enhanced visible light
driven dye degradation[J]. Journal of Nanoscience and
Nanotechnology, 2020, 20(12): 7716—7723.

TASLEEM S, TAHIR M, ZAKARIA Z Y. Fabricating
structured 2D Tiz;AlC, MAX dispersed TiO, heterostructure
with Ni,P as a cocatalyst for efficient photocatalytic H,
production[J]. Journal of Alloys and Compounds, 2020, 842:
155752.

FUJISHIMA A, HONDA K. Electrochemical photolysis of
water at a semiconductor electrode[J]. Nature, 1972, 238:
37-38.

LIU Gang, CUI Peng, LIU Xin-mei, et al. A facile
preparation strategy for Bi,O4/Bi;WOs heterojunction with
excellent visible light photocatalytic activity[J]. Journal of
Solid State Chemistry, 2020, 290: 121542.

LIU Yan-ping, SHEN Shi-jie, ZHANG lJi-tang, et al
Cu,-,Se/CdS composite photocatalyst with enhanced visible
light photocatalysis activity[J]. Applied Surface Science,
2019, 478: 762—769.

GUO Qing, ZHOU Chuan-yao, MA Zhi-bo, et al
Fundamentals of TiO, photocatalysis: Concepts, mechanisms,
and challenges[J]. Advanced Materials, 2019, 31(50):
1901997.

FIRE, L. BB A S BT RT
RS R PEL R, 2020, 36(3): 1905080.
WANG Yi-qing, SHEN Shao-hua. Progress and prospects of
non-metal doped graphitic carbon nitride for improved
photocatalytic  performances[J]. Acta Physico-Chimica
Sinica, 2020, 36(3): 1905080.

CUI Zi-ming, YANG Hua, ZHAO Xin-xin. Enhanced
g-C3Nu/BiyTi301,

photocatalytic performance of

heterojunction nanocomposites[J]. Materials Science &

Engineering B, 2018, 229: 160—172.

XIAO Xin, WANG Yi-hui, BO Qiu, et al. One-step
preparation of sulfur-doped porous g-C;N4 for enhanced
visible  light Dalton

photocatalytic ~ performance[J].

Transactions, 2020, 49(24): 8041-8050.



31 BHTH

WRED7, % B5ERD /A0 SR RULIR 2 GO E LTI BRI TE 3k Ji

1865

(14]

[15]

(16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

LIU Xue-cheng, ZHANG Qian, LIANG Li-wei, et al. In situ
growing of CoO nanoparticles on g-C;N4 composites with
highly improved photocatalytic activity for hydrogen
evolution[J]. Royal Society of Chemistry, 2019, 6(7):
190433.

HE Fang, WANG Zhen-xing, LI Yue-xiang, et al. The
nonmetal modulation of composition and morphology of
g-C3Ny-based photocatalysts[J]. Applied Catalysis B
(Environmental), 2020, 269: 118828.

JIANG Run-ren, LU Guang-hua, ZHOU Ran-ran, et al.
Switching g-C3N; morphology from double-walled to
single-walled microtubes induced high photocatalytic

Hj-production performance[J]. Journal and

Compounds, 2020, 820: 153166.

of Alloys

ZHANG Ruo-yu, NIU Si-ying, ZHANG Xing-chao, et al.
Combination of experimental and theoretical investigation on
Ti-doped g-C3N4 with improved photo-catalytic activity[J].
Applied Surface Science, 2019, 489: 427-434.

LU Hai-gin, HUANG Ying, KOODALI R T, et al. Synthesis
of sulfur-doped 2D graphitic carbon nitride nanosheets for
efficient photocatalytic degradation of phenol and hydrogen
evolution[J]. ACS Applied Materials & Interfaces, 2020,
12(11): 12656—12667.

LIU Yan-fei, HE Mao-fen, GUO Rui, et al. Ultrastable
metal-free near-infrared-driven  photocatalysts for H»
production based on protonated 2D g-C;N,4 sensitized with
chlorin e6[J]. Applied Catalysis B (Environmental), 2020,
260: 118137.
XU Ji-xiang, QI Yin-hong, WANG Wen-bo, et al
Montmorillonite-hybridized g-C;N4 composite modified by
NiCoP  cocatalyst for efficient visible-light-driven
photocatalytic hydrogen evolution by dye-sensitization[J].
International Journal of Hydrogen Energy, 2019, 44(8):
4114-4122.

JIA Jia, SUN Wen-juan, ZHANG Qi-qi, et al. Inter-plane
heterojunctions within 2D/2D  FeSe,/g-CsN4 nanosheet
semiconductors for photocatalytic hydrogen generation[J].
Applied Catalysis B (Environmental), 2020, 261: 118249.
CHEN Peng-fei, XING Ping-xing, CHEN Zhi-qiang, et al.
In-situ synthesis of AgNbO;/g-CsNs photocatalyst via
microwave heating method for efficiently photocatalytic H,
generation[J]. Journal of Colloid and Interface Science, 2019,
534:163-171.

KHAN I, SUN Ning, WANG Ying, et al. Synthesis of SnO»/

(24]

[25]

(26]

(27]

(28]

(29]

[30]

[31]

[32]

yolk-shell LaFeO; nanocomposites as efficient visible-light

photocatalysts  for  2,4-dichlorophenol  degradation[J].
Materials Research Bulletin, 2020, 127: 110857.

ZHANG Dong-ming, CHEN Ming-peng, ZOU Hai-yuan, et
al. Microwave-assisted synthesis of porous and hollow
a-Fe,0s/LaFeO; nanostructures for acetone gas sensing as
well as photocatalytic degradation of methylene blue[J].
Nanotechnology, 2020, 31(21): 215601.

JAYAPANDI S, LAKSHMI D, PREMKUMAR S, et al.
Augmented photocatalytic and electrochemical activities of
Ag tailored LaCoOs perovskite semiconductor[J]. Materials
Letters, 2018, 218: 205-208.

XIAO Fei-yu, XU Jin-mei, CAO Li-li, et al. In situ
hydrothermal fabrication of visible light-driven g-C;N4/
SrTiO; composite for photocatalytic degradation of TC[J].
Environmental Science and Pollution Research, 2020, 27(6):
5788-5796.

B, RREIE. g-CsNy/NaTaOs 5 &FRH i 2 K 7T W
SRR, WITLEE TR 22224k, 2019, 41(3): 319-326.

LIAO Jin-long, ZHU Yao-feng. Preparation and visible-light
photocatalytic properties of g-C;N4/NaTaO; composites[J].
Journal of Zhejiang Sci-Tech University, 2019, 41(3):
319-326.

XIAN T, YANG H, DI L J, et al. Enhanced photocatalytic
activity of BaTiOs@g-CsN4 for the degradation of methyl
orange under simulated sunlight irradiation[J]. Journal of
Alloys and Compounds, 2015, 622: 1098—1104.

ISMAEL M, WU Ying. A facile synthesis method for
fabrication of LaFeQ;/g-CsN4 nanocomposite as efficient
visible-light-driven photocatalyst for photodegradation of
RhB and 4-CP[J]. New Journal of Chemistry, 2019, 43(35):
13783—-13793.

KIM TH, JOY H, LEE S W, ADHIKARI R, et al. Synthesis
of g-C3N4/NaTaO; hybrid composite photocatalysts and their
photocatalytic  activity under simulated solar light
irradiation[J]. Journal of Nanoscience and Nanotechnology,
2015, 15(9): 7125-7129.

KALAISELVI C R, RAVI P, SENTHIL T S, et al. Synthesis
of Ag and N doped potassium tantalate perovskite nanocubes
for enhanced photocatalytic hydrogen evolution[J]. Materials
Letters, 2020, 275: 128166.

DING Ling, SHEN Chen-yang, ZHAO Yi, et al. CsPbBr;
nanocrystals glass facilitated with Zn ions for photocatalytic
Molecular

hydrogen production via HO splitting[J].



1866

hEA O RYR

2021 427 H

[33]

[34]

(35]

[36]

(37]

[38]

[39]

[40]

[41]

Catalysis, 2020, 483: 110764.

YAO Shu-yang, ZHENG Rui-fen, LI Rong, et al. LaCoO3
acts as a high-efficiency co-catalyst for enhancing visible-
light-driven tetracycline degradation of BiOI[J]. Journal
American Ceramic Society, 2020, 103(3): 1709—-1721.

YAO Shu-yang, WU Jia-ming, LI Wen, et al. LaCoOs
co-catalyst modified Ag,CrO, for improved visible-light-
driven photocatalytic ~degradation of tetracycline[J].
Separation and Purification Technology, 2019, 227: 115691.
WodlL K B, £ R, S SR T RiL
PEIE JR R BT TR R[], HE A AR #2441, 2020,
39(5): 26-34.

TUO Kai, ZHANG Peng, WANG Li, et al. Research progress
of perovskite catalysts for selective reduction of nitrogen
oxides by ammonia[J]. Journal of Huazhong Agricultural
University, 2020, 39(5): 26—34.

Wi, g-CaNy AL S S A0 RHA il 46 K JLERERT S [D]. 1
IRIE: MEIRIETAE RS, 2017: 1-85.

CHEN Ting-ting. Preparation and properties of g-C3;N,4 and
its composites[D]. Harbin: Harbin Engineering University,
2017: 1-85.

IRERE, IR, O, S A CNL B
PERFFU[I]. ALt RE, 2016, 28(1): 131-148.

XU Jian-hua, TAN Ling-hua, KOU Bo, et al. Modification of
graphtic carbon nitride
Chemistry, 2016, 28(1): 131-148.

photocatalyst[J]. Progress in
CHEN Lei, XU Yi-ming, YANG Zhi, et al. Cobalt( 1] )-based

open-framework systems constructed on g-C;Ny for

extraordinary enhancing photocatalytic hydrogen
evolution[J]. Applied Catalysis B (Environmental), 2020,
277: 119207.

WU lJiao-jiao, ZHANG Yi-fan, ZHOU Jun-shuai, et al.
Uniformly assembling n-type metal oxide nanostructures
(TiO, nanoparticles and SnO, nanowires) onto P doped
g-C3N4  nanosheets for efficient photocatalytic water
splitting[J]. Applied Catalysis B (Environmental), 2020, 278:
119301.

LI Yun-feng, ZHOU Ming-hua, CHENG Bei, et al. Recent
advances in g-C;Ns-based heterojunction photocatalysts[J].
Journal of Materials Science & Technology, 2020, 56: 1-17.
LEE J T, CHEN Ya-ju, SU E C, et al. Synthesis of solar-light
responsive  Pt/g-C3N4/SrTiO; composite for improved
hydrogen production: investigation of Pt/g-C3;N4/SrTiOs

synthetic sequences[J]. International Journal of Hydrogen

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

Energy, 2019, 44(39): 21413-21423.

WU Mo-qing, DING Tong, WANG Ya-ting, et al. Rational
construction of plasmon Au assisted ferroelectric-BaTiOs/
Au/g-C3Ny Z-scheme system for efficient photocatalysis[J].
Catalysis Today, 2020, 355: 311-318.

HERAR. BRER /28 S AR S5 DG HE AL I IR ) 48 e
FEHEAMEREREFE[D]. dbnt: JERb TR, 2016: 1-77.
YE Rong-qin. Fabrication of CoTiOs/g-CsNs hybrid
photocatalysts and their photocatalytic performance[D].
Beijing: Beijing University of Chemical Technology, 2016:
1-77.

LUO Jin, ZHOU Xiao-song, NING Xiao-mei, et al.
Utilization of LaCoOs as an efficient co-catalyst to boost the

visible light photocatalytic performance of g-CsNy[J].

Separation and Purification Technology, 2018, 201:
309-317.
ZHOU Xiao-song, CHEN Yi-lei, LI Cui-fen, et al.

Construction of LaNiO; nanoparticles modified g-C3;Ny
nanosheets for enhancing visible light photocatalytic activity
towards tetracycline degradation[J]. Separation and
Purification Technology, 2019, 211: 179—188.

LUO Jin, CHEN Jin-fen, GUO Rong-ting, et al. Rational
construction of direct Z-scheme LaMnOs/g-C3Ny4 hybrid for
improved visible-light photocatalytic tetracycline
degradation[J].

2019, 211: 882—894.

Separation and Purification Technology,

WU Yan, WANG Hou, TU Wen-guang, et al. Quasi-
polymeric construction of stable perovskite-type LaFeOs/g-
C3N, heterostructured photocatalyst for improved Z-scheme
photocatalytic activity via solid p-n heterojunction interfacial
effect[J]. 2018, 347:
412-422.

Journal of Hazardous Materials,

GAO Xiao-ming, SHANG Yan-yan, LIU Li-bo, et al. A
plasmonic  Z-scheme

g-C3Ny/Ag/LaFeO;

three-component  photocatalyst

with enhanced visible-light
photocatalytic activities[J]. Optical Materials, 2019, 88:
229-237.

RAKIBUDDIN M, KIM H, KHAN M E. Graphite-like
carbon nitride (C3N4) modified N-doped LaTiOs
nanocomposite for higher visible light photocatalytic and
photo-electrochemical performance[J]. Applied Surface
Science, 2018, 452: 400—412.

KUMAR A, SCHUERINGS C, KUMAR S, et al. Perovskite-

structured CaTiOs coupled with g-C3Ny4 as a heterojunction



31 BHTH

WRED7, % B5ERD /A0 SR RULIR 2 GO E LTI BRI TE 3k Ji

1867

[51]

[52]

(53]

[54]

[53]

[56]

[57]

[58]

[59]

photocatalyst for organic pollutant degradation[J]. Beilstein
Journal of Nanotechnology, 2018, 9: 671-685.
TANG Lin, FENG Cheng-yang, DENG Yao-cheng, et al.
Enhanced photocatalytic activity of ternary Ag/g-CsNu/
NaTaOs photocatalysts under wide spectrum light radiation:
The high potential band protection mechanism[J]. Applied
Catalysis B (Environmental), 2018, 230: 102—114.

EIE. g-CNJABOs H &M BH il % K oufigfe v g
FU[D]. R KK, 2014: 1-72.
YONG Zhi-qing. g-C3N4+/ABO3 nanocomposites: Preparation
and photocatalytic activities[D]. Tianjin: Tianjin University,
2014: 1-72.
HUO Hui-wen, HU Xin-jiang, WANG Hui, et al. Synergy of
photocatalysis and adsorption for simultaneous removal of
hexavalent chromium and methylene blue by g-CsNu/
BiFeOj/carbon nanotubes ternary composites[J]. International
Journal of Environmental Research and Public Health, 2019,
16(17): 3219.
HU Xin-jiang, WANG Wei-xuan, XIE Guang-yu, et al.
Ternary assembly of g-CsNa/graphene oxide sheets/BiFeOs
heterojunction with enhanced photoreduction of Cr( VI)
under visible-light irradiation[J]. Chemosphere, 2019, 216:
733-741.
3K KE. BiFeOs £ 5 1 45 52 & U AL AR ) 26 K L g
WD) BB PR, 2017: 1-123.
ZHANG Ting. Preparation and properties of BiFeOs;-based
heterojunction complex photocatalytic materials[D]. Wuhan:
Wuhan University, 2017: 1-123.
TAO Ran, LI Xing-hua, LI Xiao-wei, et al. TiO,/SrTiOs/
g-C3Ny ternary heterojunction nanofibers: Gradient energy
band, cascade charge transfer, enhanced photocatalytic
hydrogen evolution, and nitrogen fixation[J]. Nanoscale,
2020, 12(15): 8320—8329.
LI Xin-ru, GE Zhi-chao, XUE Fei, et al. Lattice-oriented
contact in Pd/SrTiO; heterojunction for rapid electron
transfer during photocatalytic H, production[J]. Materials
Research Bulletin, 2020, 123: 110722.
CHEN Min, XIONG Qiang, LIU Zhu, et al. Synthesis and
photocatalytic activity of Na' co-doped CaTiO;: Eu®”
photocatalysts for methylene blue degradation[J]. Ceramics
International, 2020, 46(8): 12111-12119.
PEI Jing-yuan, MENG Jie, WU Shi-yan, et al. Effects of
Ca/Ti ratio on morphology control and photocatalytic

activity of CaTiOs/Ca(OH), composite photocatalyst[J].

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Materials Letters, 2020, 276: 128229.

KONSTAS P S, KONSTANTINOU I, PETRAKIS D, et al.
Synthesis, characterization of g-C;N4/SrTiO; heterojunctions
and photocatalytic
degradation[J]. Catalysts, 2018, 8(11): 554.

activity for organic  pollutants
YANG Bian, WU Chao, WANG Jian-weli, et al. When C3Ny
meets BaTiOj;: Ferroelectric polarization plays a critical role
in building a better photocatalyst[J]. Ceramics International,
2020, 46(4): 4248—4255.

KATO H, KUDO A. New tantalate photocatalysts for water
decomposition into H, and O,[J]. Chemical Physics Letters,
1998, 295: 487-492.

WANG Xiao-min, MA Jian-feng, KONG Yong, et al.
Synthesis of p-n heterojunction Ag;PO4/NaTaO; composite
photocatalyst for enhanced visible-light-driven photocatalytic
performance[J]. Materials Letters, 2019, 251: 192—195.
WANG Miao-miao, MA Yan-xia, FO Yu-meng, et al.
Theoretical insights into the origin of highly -efficient
photocatalyst NiO/NaTaO; for overall water splitting[J].
International Journal of Hydrogen Energy, 2020, 45(38):
19357-19369.

LI Hua, SHI Xiao-bo, LIU Xu-guang, et al. Synthesis of
novel, visible-light driven S,N-doped NaTaOs catalysts with
high photocatalytic activity[J]. Applied Surface Science,
2020, 508: 145306.

LU Xiao-xiao, LI Qiang, LIU Shi-hao, et al. Fabrication of a
novel BiOI/KTaO; p-n heterostructure with enhanced
photocatalytic performance under visible-light irradiation[J].
RSC Advances, 2020, 10(18): 10921-10931.

SUDRAIJAT H, THUSHARI I, BABEL S. Chemical state
and coordination structure of La cations doped in KTaOs
photocatalysts[J]. Journal of Physics and Chemistry of Solids,
2019, 127: 94-100.

SUDRAJAT H, DHAKAL D, KITTA M, et al. Electron
population and water splitting activity controlled by
strontium cations doped in KTaO; photocatalysts[J]. The
Journal of Physical Chemistry C, 2019, 123(30):
18387—-18397.

YONG Zhi-qing, REN Jian, HU Hui-lin, et al. Synthesis,
characterization, and photocatalytic activity of g-C3N4/
KTaOs composites under visible light irradiation[J]. Journal
of Nanomaterials, 2015, 2015: 821986.

GUO lJi-feng, LI Peng-tao, YANG Zhao. A novel Z-scheme

g-C3N4/LaCoOs heterojunction with enhanced photocatalytic



1868 o EA 4R AR 2021 47 A

activity in degradation of tetracycline hydrochloride[J]. R RERRS R AU R [J]. MRLRR, 2019, 33:
Catalysis Communications, 2019, 122: 63—67. 104—-112.

[71] JIN Ze-hua, HU Rui-sheng, WANG Hong-ye, et al. One-step LIU Chang, ZHANG Zhi-bin, WANG You-qun, et al.
impregnation method to prepare direct Z-scheme LaCoOs/ Progress in photocatalytic degradation of pollutants based on
g-C;Ny heterojunction photocatalysts for phenol degradation g-CsNy  heterogeneous junction composites[J]. Materials
under visible light[J]. Applied Surface Science, 2019, 491: Reports, 2019, 33: 104—112.

432-442. [74] IBARRA-RODRIGUEZ L I, HUERTA-FLORES A M,

[72] ACHARYA S, MANSINGH S, PARIDA K M. The enhanced TORRES-MARTINEZ L M. Facile synthesis of
photocatalytic activity of g-C3;Ns-LaFeO; for the water g-C3N4/LaMO;(M: Co, Mn, Fe) composites for enhanced
reduction reaction through a mediator free Z-scheme visible-light-driven ~ photocatalytic =~ water  splitting[J].
mechanism[J]. Inorganic Chemistry Frontiers, 2017, 4(6): Materials Science in Semiconductor Processing, 2019, 103:
1022—-1032. 104643.

[73] X i, kERE, THHE, % BT ¢CGNy RREEEM

Progress in photocatalytic properties of
perovskite/graphite phase carbon nitride composites

CHEN Yu-fang', WANG Xue-fei’, BAI Hao-yang’, LU Jin-wei’, HU Jie">, HUANG Hao'

(1. State Key Laboratory of Metastable Materials Science and Technology,
Yanshan University, Qinhuangdao 066004, China;
2. Hebei Key Laboratory of Applied Chemistry, School of Environmental and Chemical Engineering,
Yanshan University, Qinhuangdao 066004, China)

Abstract: The development of industry and technology has caused energetic and environmental problems, such as
energy shortages and water pollution in today’s society. The photocatalytic technology is an effective means to
solve these problems, and photocatalyst is one of the main factors affecting photocatalytic technology. The graphite
phase carbon nitride(g-C;Ny4) plays an important role in the field of photocatalysis because of its wide source of
raw materials, non-toxicity, stable chemical properties, and relatively narrow band gap (2.7 eV) for visible light
response. Perovskite type oxide(ABO;) has a unique stable structure and excellent electronic configuration. The
existence of non-stoichiometric oxygen vacancies will provide more reaction sites for photocatalytic reactions. The
recent advances of ABO/g-C;N, composite in photocatalytic hydrogen evolution and organic pollutant degradation
were reviewed. The reason for the composite with good photocatalytic performance was analyzed. Finally, the
challenges remaining to be solved were summarized, and the prospects of ABO;/g-C;N, for further advances in
photocatalysis were also presented.
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