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Preparation of g-C;N, nanosheets photoelectrode
and its photoelectrocatalytic activity
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Abstract: g-C; N, nanosheets photoelectrode was prepared by a facile drop coating method. The
influences of precursor materials and bias voltages on the photoelectrocatalytic properties towards
tetracycline degradation using as-prepared g-C;N, nanosheets photoelectrode (DUCN) were studied.
The results demonstrate that the DUCN photoelectrode prepared by calcination of urea and
dicyandiamide precursor mixtures exhibits the highest pollutant removal efficiency, which may be due
to its best film formation property and highest photoelectron-hole separation efficiency. In addition, in
the process of photoelectrocatalysis (PEC), photocatalysis (PC) and electrocatalysis (EC) promote
and optimize each other, showing a significant synergistic effect. The DUCN photoelectrode displays
the highest removal rate of tetracycline with an initial concentration of 5 mg/L at a bias of 1.0 V,
which are 5.6 times and 3.8 times of that obtained by single photocatalytic and electrocatalytic
process, respectively, The reason for the enhanced pollutant removal efficiency may be that the
external bias voltage enables the photogenerated electrons transfer to the counter electrode more
efficiently under the photoelectric synergistic effect, which promotes the separation of photogenerated
electrons and holes.
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Fig. 1 XRD patterns of DCN, DUCN and MCN powders
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Fig.2 SEM images of g-CsNypowders prepared from different precursors and their corresponding photoelectrodes
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Fig. 3 UV-DRS patterns of g-C3 Ny powders prepared from different precursors (a) and their band gap curves (b)
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Fig. 7 Degradation of tetracycline over different photoelectrodes at a bias of 1. 0 V (a) and UV-vis absorbance

curves of tetracycline solution over DUCN photoelectrode at a bias of 1.0 V (b)

e g-Co Ny M R B a bk & b, U 3R 1 B
il ARRE — B e SR ] -Gy Ny B4 b ) 5 it 40 4
WEESN 10 mg/L (4 DU IR R KWL, 60 min N B AR AL
Rk 52, 21% 1M g-Co N, 44K H B [ £ 200 R ) 1k 21
81. 622651, MDA 1ot v A AL B A 0 3R 22 119 25 SR v LA
A A E TR R B TR G AR R L IO i A b I A
IR ROCRARAL, 2 5 K A g R s b b
V5 Y WV VR ke ) A O A A R T RR A A PR AS
PTG PE R B 5 . TR, i P B R AT
—E 1Y Nafion ¥ I, AT L4 T BB 5 #E¢-C, N,
(8 2R THT , HE— 25020 D't Fi A A 8 30 P 67 A0, AT AR O
CiR i &S ERTEUN D N | X B IV Y Lo e e
W pH Ot G B O R AR TR A 0 R R
5 A — 20 4 v O e b R AR R SR A gy N
S TER R 2.5 V ORIRET AN 5 h BB F AT 58
SRR AT KR . Sy A — T, el e S
b A4 REHE AT B G ok 48 IO A Ak M AE L dn Al
g-C;N, @ZnO™ , g-Cy N, /rGO™) 45 53 455/ o, # 1 Bt
RRAE, BRI A TR R e L
A 22 01 T [l WSC P ) P S BE I 2 — vk vs g R i B AT S
VIR

Kl 8 2 DUCN TE A [] i i 2% 11 & X D4 BF 3R Y B
fi R B [ S T 3k — 2B A 5 i Ak (PO L HL 4L
(EC) JtH AL (PEC B 2251, in Affi 1 DUCN St
W AT B — A fb S AL SE SR A X b, AT LA
HL.DUCN JE MM, 78 2 h s — i figfb LB E R
9%, B — el B RN 13 %, B L 25 B RO i
PR SR mE 2% . I ELT i g FE 6 DU 30 28 1) A A T 4k 5%
M) 7t 4 1 E %4 E DUCN i e B 78 7] 006 IR R X

VU PR 21 B A 2t D o 1.0 VIRE L Ol L A AL R A
BOR . XA AR H T — 5 DG AR B 7R 3 2 A fi
JEF BB A8 A R0 7% 28 o8 HL Al . AT e ARG O 2 380 1
A AR P RO AR B -2 U 0 B RO AR T
A= AR R R fige SO 3 W Rl OH 45 . 55 — J7 T TR 8k
) |/ DE S A e o S RS R WA =R e G E IR IS Gk
A I i S A I D I R 43 3 I Wk o B RE B8 I
I E S A Y v 18] 7 ) Bl D A HE 23, DA i 2 D i £k
WEARBCR .

1.0
0ol
08l
O 07F
© o6l - PC
—— EC
05F - 05V
—~ 10V
04F L 15V
0.3 L L L

0 20 40 60 80 100 120

Time/min

8  DUCN T8 A [ i He T % U 2R 22 A4 I g 30028 1
Fig. 8 Degradation of tetracycline over DUCN

photoelectrode at different bias

T8 't LA T g 0 o R o G i s 7 H A 27
G A R 2 18] AR T I A PO R B0 e e i Y
1E i 1 BE % 11 52 06 4 IR UA H BRI A2 v 115 B 20
I I HL 258 2 S0 L I B A S Tl
A B T A3 JF DGR L 723 7O B9 28 A Ak
M AR A R R R 2 O A TR A I B D
JE TR K BERE ARG L R AR O, FEON TR



88 R TR

2020 4 12 H

ZA L O, TG AT B rh AT B 5 AR B T R A R
A0, W H, O, fileOH 458 Z ()G ¥ Fh . 2 5 14
WER L RE . I SN E T e m 752
TR B A A B PR B A i A AR R A R R
JOE R A a5 0 B & R 8 B IR 8 S Ak 1 vl ) 7 4
O D A L (A5 R 1 1 B R A B R . Y e
FEHE— 2518 K, A H 2 ] H 7 2 T R R A T A,
SO T 1B DN 5 e IR 2 Y B AR R

3 it

(DAFHRA S i R RS RENRSE
DL R = R ENAE A SR AR 45 T 3 A ANl g-Cy N, 4
KR HAR 5 B 43 3 R 2. 60,2, 69 eV il 2. 65 eV,
LM C/N BT 4350k 0. 69,0. 72 F1 0. 73, KA
Ivi) 117 90K A Xk BT A 4 @-C N 9 K 0 RE AT 405 4 % 3% Tl
45y HA EE W,

(VBRI S 45 R woR . th BRZE I =5
TR g-Co Ny K R BB T Bk ECE
O T T AR e G SR B, R M R B
A B F 5 28 U B RUR

(3) /K [] iy 3% 4 4 4 A @-Co N, 40 K ol oL A X
VU A 2R 1 O P A I A 28R AN Tm] G e ply PR R i A
TR A g-Co Ny AR R H B 1 ol i R I
FE. 76 1.0 VA = DL AT WG RS 2 h, PR LB
AR 50% , Al e i T I B A AR O A -
T B R B R G ) R

(4D g . S8 5 5% W) ' el R X U R 35 114 O o R i 3L
F, HRFEM R MR &R g C N, 99K Rt il 7e
1.0 VI IE R X0 R 5 me/ L i P PR 2 10 2 B R
e AR B AL S B — AL R BRI 5. 6 £
3.8 A% . R DAL AR AE L LA B A i E R RN

&% ik

[1] GARCIA-SEGURA S, BRILLAS E. Applied photoelectrocataly-
sis on the degradation of organic pollutants in waste waters[ ] ].
Journal of Photochemistry and Photobiology: C, 2017, 31:1-35.

[2] ORIMOLADE B O, KOIKI B A, PELEYEJU G M, et al. Visi-
ble light driven photoelectrocatalysis on a FTO/BiVO,/BiOl an-
ode for water treatment involving emerging pharmaceutical pollu-
tants[J]. Electrochimica Acta, 2019, 307:285-292.

[3] KAPLAN R, ERJAVEC B, DRAZIC G, et al. Simple synthesis
of anatase/rutile/brookite TiO; nanocomposite with superior min-
eralization potential for photocatalytic degradation of water pollu-
tants[ J]. Applied Catalysis: B, 2016, 181:465-474.

[4] XU Z, LIX, L1J, et al. Effect of COOOH loading on the photo-

electrocatalytic performance of WOj; nanorod array film[J]. Ap-

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

plied Surface Science, 2013, 284.285-290.
LIZ, GAO F, KANG W, et al. Layer-by-layer growth of ul-
tralong ZnQO vertical wire arrays for enhanced photoelectrocatalyt-
ic activity[ J]. Materials Letters, 2013, 97:52-55.
ZHANG M, PU W, PAN S, et al. Photoelectrocatalytic activity
of liquid phase deposited a-Fe; O3 films under visible light illumina-
tion[J]. Journal of Alloys & Compounds, 2015, 648.:719-725.
PAN C S, ZHU Y F. New type of BiPO,oxy-acid salt photocata-
lyst with high photocatalytic activity on degradation of dye[ J].
Environmental Science & Technology, 2010, 44:5570-5574.
RN INITEE BB I, . KA LY MoS, /£ 88 i /N-TiO,
AR Wb ERELT ], MRS R, 2018, 32(8):1213-
1217.
LIN XJ, SUNM X, HUMY, et al. Enhanced visible-light pho-
tocatalytic activity of hydrothermally synthesized MoS,/Gra-
phene/N-TiO; composites[ ] ]. Materials Review, 2018, 32(8):
1213-1217.
P EHERR L HE— WL, . RGO/ZnO 94K # 52 4 b1 LI A LI
JCHEAEPERELT ] MR T AR, 2016, 44(12):48-53.
LU J, WANG H H, DONG Y F, et al. Synthesis and photocata-
lytic performance of RGO/ZnO nanorod composite[ J]. Journal of
Materials Engineering. 2016, 44(12) :48-53.
WANG X C, MAEDA K, THOMAS A, et al. A metal-free
polymeric photocatalyst for hydrogen production from water un-
der visible light[J]. Nature Materials, 2009, 8:76-80.
WRHE 0. R T A A UL B 4 oK A e HO e AR A
()] MLk, 2017, 33(12):2255-2261.
CHEN Y, LIU H B. Construction and photocatalytic perform-
ance of ultrathin graphitic carbon nitride nanosheets[ J]. Chinese
Journal of Inorganic Chemistry, 2017, 33(12):2255-2261.
FUJ W, YUJ G, JIANG CJ, etal. g-CsN,-based heterostruc-
tured photocatalysts[J]. Advanced Energy Materials, 2018, 8:
1701503.
NIU P, ZHANG L Z, GANG L, et al. Graphene (like carbon
nitride nanosheets for improved photocatalytic activities[ J]. Ad-
vanced Functional Materials, 2012, 22(22):4763-4770.
ZHU JJ, WEI Y C, CHEN W K, et al. Graphitic carbon ni-
tride as a metal-free catalyst for NO decomposition[]]. Chemical
Communications, 2010, 46(37):6965-6967.
JIANG W J, LUO W J, WANG J, et al. Enhancement of cata-
lytic activity and oxidative ability for graphitic carbon nitride[ J].
Journal of Photochemistry and Photobiology: C, 2016, 28:87-
115.
DONG G H, ZHANG L Z. Porous structure dependent photore-
activity of graphitic carbon nitride under visible light[J]. Journal
of Materials Chemistry, 2012, 22(3):1160-1166.
JRATI A28 X B H L A8 Ag B¢ g-Co Ny AL & 1 S 2 7t vl bl
SRR ERE AU BT [T ]. MRS AR, 2018, 32(32):211-217.
ZHOU Y C, L1 Z, LIU M Y, et al. Structure engineered Ag-
doped g-C3Njcatalysts for enhanced visible-light photo-catalytic
degradation[ J]. Materials Review, 2018, 32(32):211-217.
LI H. WANG L Z. LIU Y D. et al. Mesoporous graphitic car-

bon nitride materials: synthesis and modifications[ J]. Research



HaAs k12

g-Cy N 942K J3 it il 69 o 8 B JFG Ol H 10 e fie DU 3 3% P 89

(191

[20]

[21]

[22]

[23]

[24]

[25]

on Chemical Intermediates, 2016, 42(5):3979-3998.

LIANG F F, ZHU Y F. Enhancement of mineralization ability
for phenol via synergetic effect of photoelectrocatalysis of g-
Cs N, film[J]. Applied Catalysis: B, 2016, 180:324-329.
WANG J. YANG Z, GAO X X, et al. Core-shell g-C3 N, @ZnO
composites as photoanodes with double synergistic effects for en-
hanced visible-light photoelectrocatalytic activities[ J]. Applied
Catalysis: B, 2017, 217.:169-180.

YAN HJ, CHEN Y, XU S M. Synthesis of graphitic carbon ni-
tride by directly heating sulfuric acid treated melamine for en-
hanced photocatalytic H; production from water under visible
light[J]. International Journal of Hydrogen Energy, 2012, 37
(1):125-133.

CHU M N, HU K., WANG ] S, et al. Synthesis of g-CsNy-
based photocatalysts with recyclable feature for efficient 2, 4-di-
chlorophenol degradation and mechanisms[]J]. Applied Cataly-
sis: B, 2019, 243:57-65.

ONG W J, TAN L L, CHAI S P, et al. Heterojunction engi-
neering of graphitic carbon nitride (g-C3Ny) via Pt loading with
improved daylight-induced photocatalytic reduction of carbon di-
oxide to methane[ J]. Dalton Transactions, 2014, 44(3).:1249-
1257.

ONG W J, TAN L L, CHAI S P, et al. Surface charge modifi-
cation via protonation of graphitic carbon nitride (g-C;N,) for
electrostatic self-assembly construction of 2D/2D reduced gra-
phene oxide (rGO)/g-C3N; nanostructures toward enhanced
photocatalytic reduction of carbon dioxide to methane[ J]. Nano
Energy. 2015, 13:757-770.

PSR 2 IS L 45, A BB A g Ca Ny A 4 B HowT IO i

[26]

[27]

[28]

[29]

TR R T]. A @SR i, 2016, 26 (11):2353-
2362.

ZHU J X, L1 Z H, ZHOU P, et al. Preparation of g-C; N, pho-
tocatalysts and influencing factors of its visible light activity[ J].
The Chinese Journal of Nonferrous Metals, 2016, 26(11):2353-
2362.

PENG DL, WANG H H, YU K., et al. Photochemical prepara-
tion of the ternary composite CdS/Au/g-C3N; with enhanced
visible light photocatalytic performance and its microstructure
[J]. RSC Advances, 2016, 6(81):77760-77767.

ZHANG J, GAO N, CHEN F L, et al. Improvement of Cr( V)
photoreduction under visible-light by g-C3;N,; modified by nano-
network structured palygorskite[ J]. Chemical Engineering Jour-
nal, 2019, 358:398-407.

JIANG L B, YUAN X Z, ZENG G M, et al. Nitrogen self-
doped g-C3 Ny nanosheets with tunable band structures for en-
hanced photocatalytic tetracycline degradation[]]. Journal of
Colloid and Interface Science, 2019, 536:17-29.

ZHAO X L, PAN D L., CHEN X F, et al. g-CsN, photoanode
for photoelectrocatalytic synergistic pollutant degradation and
hydrogen evolution[ J]. Applied Surface Science, 2019, 467
658-665.

B A W8 #F T H AT H (D20171405)

Y7 B H8:2019-06-21; 81T B #3:2019-11-27
BIRAEE : R A978—), 5 282 W1 F 52 Jr 0] i 6 TR kS L I
5 T 106 2R b hE < 90 b A DU AL Tl RS RS Al TR B
(430068) s E-mail : wanghuihu@ hbut. edu. cn

(ALFTsh:H T



