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Preparation of Visible-light-induced g-C;N,/Bi,S, Photocatalysts for the Efficient

Degradation of Methyl Orange

ZHANG Zhi-bei'?, LI Xiao-ming'?>, CHEN Fei'”, YANG Qi'*, ZHONG Yu'?, XU Qiu-xiang'”, YANG Wei-
qiang'*, LI Zhi-jun'?, CHEN Xun-feng'?, XIE Wei-giang'"

(1. College of Environmental Science and Engineering, Hunan University, Changsha 410082, China; 2. Key Laboratory of
Environmental Biology and Pollution Control( Hunan University ) , Ministry of Education, Changsha 410082, China)

Abstract: Visible light responsive heterojunctions of graphitic carbon nitride ( g-C;N,) and Bi,S; were successfully designed and
constructed by a simple solvothermal process. The as-prepared samples were characterized by X-ray diffraction ( XRD), Fourier
transform infrared spectroscopy ( FTIR), scanning electron microscopy ( SEM ), transmission electron microscopy ( TEM ), high
resolution transmission electron microscopy ( HRTEM ) and UV-vis diffuse reflectance spectroscopy ( DRS). Under visible light
irradiation, the as-prepared g-C;N,/Bi,S, photocatalysts exhibited highly enhanced photochemical efficiency in the degradation of
methyl orange (MO) compared with pure g-C;N, and Bi,S,. On the basis of the calculated energy bands, the excellent enhancement
was attributed to the efficient separation of photoinduced electron-hole pairs. In addition, a detailed degradation pathway of MO
degradation by g-C;N,/Bi,S, composites was proposed to further elucidate the inner photodegradation mechanism. This research may
provide a cost-effective and easy-scaling up approach to develop visible-light-driven photocatalysts, which could be applied in
wastewater treatment.

Key words:g-C;N,/Bi,S, composites; visible light; photocatalysis; methyl orange( MO) ; photodegradation
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S0 v A FH Ak 2 2 i 2R AR R R, 5
WA — PR A A B, R SRR T A A -
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520°C , fEMCIRE FAREE 2 he o 115 2 5 1 10 i 42
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o e T S A A S DA .

1.2 4K ¢-C,N,/Bi,S, 4K E 4w

g-C,N,/Bi, S, S AL 09 & sl f i B an k.
1 0.5 g 1Y g-CyN, AFIIECT 20 mL 1 2 Bl
FEALEE 30 min, JERLIIATGIC N A [FIEPEE 0.323 ¢
Bi(NO,),-5H,0 % f#T 20 mL ()2 B 36—
FE R IBLIRIN AR ERE i, Bi/S IR 2:3,
PAREWIC R B, FEERE PR KT
IR B Z2 AR A . FRedie sk 1 h 54
PSR A WEEFE A 60 mL 15 DU IR 245 N T AR 8%
W, 140°C T OR4F 8 he [ 58 4 ) # S
ZHARRH BT BUE ROy S IR G, g S
P15 g-C,N,/Bi, S, i, I H KB F /K FIIEK £l
THUEBOK , i) 80°C T 148 12 h. SR AAHIE A il
7V @It Bi(NO, ) 5 -5H, 0 FIHRAR A4 2 £
g-C,N, A1 Bi,S, My H A& b4 53. 15:3, 15: 6,
15:9.

A Al Bi,S, B T AT ¢-C,N, 4, HAh 525
KU RFEAE. T O, RS A g-CNy/
Bi,S, &5 Hlic A ¢-C,N,, CN/BS (15: 1, 15:
3.15:6, 15:9) Fl Bi,S,. MAh, b4 TES R
FOCHEARTR TiO, , LAE i —EH] ¢-C,N,/Bi,S; &
GY R RO TERE.
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SR A AR B S R TR 5k R AR, X
SRS (XRD) |, {57 2048635 4 Hr AL (FTIR ),
Yk B B T WA (FESEM ) |, 8 5 i 1 i s
(TEM, HRTEM ), %% 4} AT UL i S 5F % i ( UV-vis
DRS).
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AT UL S T Y AR 09 d I 1 465
nm AL WSO BE S o T LMk . DA G N S 1 vk
FEAE Rt A 30 10 A 1 e 308 o 153 L e 220 1)
JGHE LU BB B SRR 80, R 1 T4 okt
W 4l g-C,N, . Bi,S; . N-Ti0, A K25 A%} B4 ( TCAT
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2.1.1 XRD ¥t

SEHG R X PFEAT ST (XRD) K43 #7 BT A B
AL AR 2. 1 A4l ¢-C, N, , 4l Bi,S, fil g-
C;N,/Bi,S, &Y XRD fii gt K3, 4l ¢-C,N, A
PSR B AT S 0. i I AT S e 7 27, 5° i L4
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A (100) Fh Al 46 Bi,S, BYFT AT AT 5 06 35 fg Xt 7
Bi, S, , 1M H X S5 07 5 0 5 8L 7 dh & Bi, S, AR HER]
% (JCPDS 65-2431) 1R Uf-HiAHW) . ¢-C;N,/Bi,S,
ZAE YN XRD fiTf B3 5 Bi, S, MIEIEIEF AL,
T EAY T 27.5° F1 13, 1° (8 W A5 ST 06 TE ] T o-
C;N, BIFETE. ¢-CiN,/Bi,S, Z &Y H XRD 77 5t &l
T P A R A BA % 2 0 | 3R A 256 ) A5 A5 2]
(1) g-C;N, F1 Bi,S, F¢ a5 HA B m iy 4l

\27.5

EN 2-CiN

W= CN/BS (15:3)

i
Lai)

10 20 30 40 50 60
200(°)

B 1 #4g-C;N,. 4iBi,S; #1 GN/BS (15:3) #9 XRD #7451 E
Fig. 1 XRD patterns of pure g-C;N,, pure
Bi,S; and GN/BS (15:3)

2.1.2 FTIR Z3¥7

2 K4fi o-C,N, | 4 Bi,S, il g-C,N,/Bi,S, &
AW FTIR DG 1% K. 2l Bi,S, & 1% H 91 103
em ~ AT SRR T Bi—S BEE SN 4l g-C,N, &
HEHEL 241, 1332, 1406, 1571F11 665 cm ™' Ak
(14 177 555 D6 X6F 107 1 C =N R C—N 2% A8 194 1o 400 % 3.
PEAR, 7E 807 em ™ Ah g e X6F IR T = R 11 P W A5
fIEWEE 202 N = A G RS T LA 4l g-C, N, Al
afi Bi,S, Wi 3 [ I BLTE ¢-C,N,/Bi,S, &
BYREIE R, FTIR 0% 3% 45 5 A XRD 19 5 #r

PRFF—BIE T g-CoN, 1 Bi,S, 768 &G L7
A7

W
807
GN/BS(15:3)

1665 571 1332
]40(:/ 1241

Bi:S; /-/L‘

1103
1

1 1 1
3000 2500 2000 1 500 1 000 500

i #/em-!

B2 #&hg-CyN,. 4 Bi,S; 1 GN/BS (15:3) & FITR i &
Fig. 2 FITR spectra of pure g-C;N, , pure
Bi,S; and CN/BS (15:3)

2.1.3 SEM, TEM FI HRTEM /34t

XM SEM ., TEM il HRTEM F1F g-C,N,/Bi,S,
EEYMREIZEMEE M. K 3 A4 g-CN, , 4
Bi,S, 1 CN/BS (15:3) 591 SEM K. MK 3
(a) 13 (b) Al LRI & 7R Z5 0 AR K DL K
— BB B kL. A BiLS, J&, g-CN, HY 3 i B
i —SERUN A g KR | KR ERR Y 8 T4l Bi,S,. A
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2.1.4 UV Zr¥r
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400 ~ 800 nm i [EIAL, 4l Bi,S, B TR #8146
Wiy, 4l g-CoN, WIEM Wil 465 nm. A rh
AL R E H g-CyN,/Bi,S, (15:3) AL Wi s
T4l g-C,N, Fl4l Bi,S, Pi# Z ). 54 g-C,N,
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B3 4fig-C;N,. &4 Bi,S;. GN/BS (15:3) &y SEM E
Fig. 3 SEM images of pure g-C5N, pure Bi,S; and CN/BS (15:3)
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Fig. 4 TEM image of CN/BS (15:3) Fig. 5 HRTEM image of CN/BS (15:3)
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Fig. 6 UV-vis diffuse reflectance spectra of pure g-C;N,,
pure Bi,S; and GN/BS (15:3)

T, 46 Bi,S, WGHEIEPERERAR, T 25| A ¢-C;N,
Je e eI B sR, X EANIEM T g-C,N,/
Bi,S, B A WX MO % A S5 IR fg e 71, I rp
AL A B g-C,N, 1 Bi,S, A& 15:0
AEH] 1509, AR I E AL R 58 B TR T RE.
FERTA B2 A YRR T CN/BS (15:3) BA& WY
S AT T B, T MO YW 1Y i 25 6 R Ny
98.7% . 9K, 4l g-C,N, . #li Bi,S, HIpq H Mt 4k )
TiO, (P25) MG R FAL ST 5N 3. 6% | 67.2% il
16.3% ,JCREfRRIIRKILT ¢-C,N,/Bi,S, EHY
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Fig. 7 Degradation of MO under visible light irradiation using

pure g-C;N, , pure Bi,S;, as well as g-C;N,/Bi, S,

composites with different molar ratios
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