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PR g-C3N,/Biy0,C0,2D 99K i &2 A RH kA i 5% Kl WAk A M RE R 5T 153

BUVEEEHI45 2-CiN,/Bi,0,C0, & MR, =
I T, 2.458 g FLKAHER B4 T INA — 2 & A IR 1Y
100 mL E&F/KEB T (pH=1), #ii#E 1 h. 1.29 g
afi AR (iR I g-C,N, : Bi,0,C0,=1 : 1) IA
| ERsmch, #A AL 30 min, K —E B E K
BirE FImENR AW = pH=10, L 0.5 L« min™'
()43 A 25310 h. TUIEY)Zead B0 4 B 9T H 25
BT KMIOK 2P, 60 C TR,
F=HIE A BCN-1.

FI 44 5 g-C,N,/Bi,0,CO, & & MR, 4%
—SERBRIRETINA 100 mL £ 7kl pH=11,
A 0.5 g CTAB (75 bedk = H IR AL ) Fl 1 g
2-C,N,, FiRIE B W2t 60 min #7540 B35 34 8L
¥ 6 1,902 ¢ HOKASR AL T 11 mL i fR
(1 mol « L) J& , Hi R IR 5 Wi A Lk B 7
RAEW(pH=9). Pk 2 h 5, B.Oo0e, HEET
KR BRI BUR, 80 C TR, A RINE
A EHE N BCN-2.

P 2H 20 v ) 46 4l Bi, 0,00, . R Eiksrgh:
W, EHRIRAWECH TAMA g-CN,, R
534t Bi,0,CO,.

JT X, ¥ g-C,N, Fl Bi, 0,CO, LA [RIFE Y 5t
LIRS RS T ¥E & ¢-C,N, M Bi,0,C0,
A 20 mL 5B F7Kh, fidk 15 min J5, K53
(BT ITE 100 °CFIMARE K781, 135 0 A
80 °C T, Jficl BCN-M.

1.2 ELFIRIE

il T AR A Y X SR AT S 6 TE (XRD ) SR
Rigaku D/max-2400X #4755, Ph Cu # Ko fEN
FRATHRIE(A=1.54 &), FHIEF0.05 */min , FIHi
AE 0.01°, FHLE 40 kV, FHLR 30 mA. UV-Vis
JEIE R H A JASCO 23 B 2840 AT WL REAL (UV-
550) #EATIE, LA BaSO, M I S & SR L
T RIS (SEM, JSM 5600LV, HASHL T4 PR A
XF il £ 1 A L ) 2 S0 E 1T R AE. R A Elementar
Analysensysteme A FRZS E] 1Y vario EL cube #1770%K
A3HE. X OEHFRERE (XPS) ffi 2R G i /RBHE A
P\ 7] % Thermo ESCALAB 250 Y HL FREREAL 1T
M5E, RGEHLTE N Cu 1Y Ka JT4E, 45A6ES IR
C IsHRUENE(284.6 eV ) LARFARAE o B B 8500, SR
FH CasaXPS #EA7 LA, AHXT R B 1 FnIE XT
FRYEREE PHI ESC T il & i Ak 70 1 Fa Ak 2
FHPLIE (EIS) K F EIS Y1 ( EC-Labd ¥ SP-150,

PR ES ) M
1.3 AT IR Bh L I Bz

FERSA AT WG REST R, LYk PEIE B A
1Ry E BRBE A A 25 55 i i & 1) 21 SRR AL R e A
fEPERE. 0.05 g AEALFIIAZE] 200 mL 2 FHBH B gk
3 A 7K (10 ppm) 1, B AL P 10 min {754
ERNAF 5], 30 CHRIE R T, K07 B A 247
I KEE MBI, #OCHETIHERE 30 min LI
TR FIHAR X 52 JEE 0 0 W RS- A7 K 250 W g
BT (B R 400~ 800 nm) AN EER, BN
0.5 mol/L [ NaNO, % 118 #5 7K LA ik 25 52 /67
gy, BT LRI B R, R A EEA AR
(150 mL/min) . F: b — 2 B (R IORE 85000 43 88 5 15
R PP B ORI 7E SN RS RO 2R
Hh-a] WA EGREE T35 550 F 270 nm AR AE .
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& 1 kRS g-CoN, | Bi,0,CO, . BCN-M } g-C,N,/
Bi,0,CO, & &R XRD 158, FESh g-CN, A H4
it 73 5002 T 20 45T 13.2° 01 27.6° 4k, X )i
g-CoN, RTFT(100) FI(002) 7 M5 ke i 2L AT
B o-C, N, SR 5 #, S JE S8 %, #E & Bi, 0, CO,
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Fig.1 XRD patterns of prepared g-C;N,, Bi,0,CO,, BCN-M
and g-C;N,/Bi,0,CO, composites
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T & rp AT [ I WL 3] g-C, N, 1 Bi, 0, CO, FISE AT
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IRTET RS , XA 7] B2 7F g-C,N,/Bi,0,CO, &
AR Bi,0,C0, = B HUTE g-CoN, B RTEL

P 2 2R T - s ( SEM) X i 54 Ak
FESEAT 0. Hil 45 B8 g-C N, ELAT 80T BB A
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Fig.2 SEM images of prepared g-C;N, and Bi,0,C0O,(a), BCN-2 composites (b)

JEHEAREEA (] 2a) , PIFR 46145 14 Bi, 0,CO,FE
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BRI, AR TR RE 2 5 s, e
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Fig.3 UV-Vis absorbance spectra of prepared g-C;N,,

Bi,0,C0,, BCN-M and g-C;N,/Bi,0,CO; composites

il 28 AL AT R SR, Bi, 0,C0, 7E 5 AMEIX
BRI BRI SE, g-CoN, IR IGh B2
450 nm, XJEHT g-C,N,HF AT N 2p BLBETE K
) VB BES G2 3 C 2p BB ALK CB REZ .
g-C3N,/Bi,0,CO; 44K &2 & b BHE 52 40 AT IOt X
W CU 55 , i 5 Bi, 0, CO, A ELFE 350 ~ 450 nm [X W
Wehe 77 B Hg 5RO 4k, PiAP ¢-C, N,/Bi, 0, CO,
AR SRS A B 3], AT D il
#ITIEX g-C3N,/Bi,0,CO, 2 A MR G- PERET
AW B, 1R g-C,N,/Bi,0,CO, E&H k5
PUWOT EE15 2 IR &9 BCN-M A EL, E147 78 B i
25, X RERRIEESM BT ¢-C N, fil
Bi,0,CO, Z [MIfEAEAH EAE 1. 2 R B T =X
‘H‘%HQ_SO] .
ahv = A(hy - Eg)"/2

Hva, v, AR E, 735 ARE MR, DM,
OGRS AT B, no B IBCIA B 1 S AR 10 BR AT e sl A
XK, HEEERGE n BUA 1, [MHEKIE n BUA 4. KR
1A UV-Vis 18 5 5 W 835 LA (ahw ) V255 b VR,
BRI AE X b b i U B B AR (& 3
/NED) . UV-Vis 8 U e 200 R b 35155 g-
C;N, F1 Bi,0,CO, 4 BRI R 2.73 | 3.29 eV.

J T WIS g-C;N,/Bi,0,C0, 5 & 4 B REHE 45
¥, AT LA — PR A AT 2l (CB) e
N (VB) 3 A7 B 2 5 0 4 Ak 7E Rl 7 A
(pHype ) I BESL (B ) PTHIANT 2286 20 55
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2 A B SRR LT 4R, B SR T B
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eV, 53CHRIRAE S5 B AR F e MR SCiR R
2-C;N, 1y CB Fll VB i B 5352 - 1.08 eV Fl1+1.65
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eVI? L RS REAT A5 I, S BT
DI g-C;N AR %5 5 #: % 5] Bi, 0,CO, %1, M A
KA HE AR HL -2 O 1 40 B AR T, Xtk
WA AT BRI — 4 g-C,N,/Bi,0,C0, 5 JF 45 3k e A8
WBRZERE , AR THET e i M Re i R AL 7).
K X OCHL T REIE H #5189 g-C,N, . Bi,0,C0;
BCN-M #il g-C,N,/Bi,0,CO, 4Kk E AR T Z 1Y
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Fig.4 XPS spectra of prepared g-C;N,, Bi,0,C0,, BCN-M and g-C,N,/Bi,0,CO, composites in the region of
N 1s (a), C1s (b) and Bi 4f (¢)
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(N—(C),)*™"; g-C;N, . BCN-1 Il BCN-2 =Ff
FEFN A S SR /Y X, 78 C 1s % (]
4b) , g-CyN, H i /> o7 i 25 45 8 40 A T 284.6
F1288.5 eV b, H 255184 284.6 eV R BIIEIS
& T HARLG B A C—N PR C R T, 45
HHEN 288.5 eV B IHJE T T A5 i e (-NH, 2 &
-NH-) 382 1 05 & AL G Wb sp” 24k C i
F-%), BCN-1 Hl BCN-2 ¥ [ H s T 1 ik 45 & fE 07

A U MFE Z Fh, HAREEAHN g-C3N, 255 REHT 26
FAL, XA RESE T g-C, N, sp 21k € 75
Bi,0,CO,H CO,” Wiy ¢ T EED. WK 4c fir
/R, Bi,0,CO,H Bi** ¥ Bi 4f,,, Fl Bi 4f, , BRI 45 &
AEAL B0 W7 T 158.2 71 163.4 eV [z, 7
BiOC/CN #1 g-C,N,/Bi,0,CO, 44K 5 & b1 ki 1% &
o ZEARRNE LA B RES, Bi 4f PLESS G RER
2557 Fe B LR Gy 34 7. BCN-2>BCN-1>BCN-M,
ML Al LA H g-C,N,/Bi, 0, CO, 40K & & KL h
g-C,N, 1 Bi, 0, CO, Z [H] /) # B /& F b BCN-M
2-C,N, Fll Bi, 0, CO, Z [a] ) #H H.AF H 3, BCN-2
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Kl 5 g-C,N, . Bi,0,C0,, BCN-M, g-C,N,/Bi,0,C0,
SAMEHR AL =BT (EIS) 35 5]
Fig.5 EIS spectra of prepared g-C;N,, Bi,0,CO;,
BCN-M and g-C;N,/Bi,0,CO; composites
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IR B 0] ZMEAST 5 g-CoN, 78 AT WG IX A ik
W, SR GAE B -2 O B AR b, e
120 min X IR B AR R TE 20% A2 47 5 1T g-C3N,/
Bi,0,CO, & &M RHYTE LT ¢-C3N, | Bi,0,C0, &

0.6 (d .
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Fig.6 Photocatalytic activities of prepared g-C;N,, Bi,0,CO,;, BCN-M and g-C;N,/Bi,0,CO, composites in visible-light-driven

phenol degradation (a) and pseudo first order reaction kinetics curve (b), and in visible-light-driven phenol degradation (c)

and pseudo first order reaction kinetics curve (d)
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PR g-C3N,/Biy0,C0,2D 99K i &2 A RH kA i 5% Kl WAk A M RE R 5T 157

BCN-M, H BCN-2 {fPE4LT BCN-1. #f In(co/c) Xf
SIS TA] ¢ VELRMEAUA, W LA R A & —
G NiAERL N 6 (b) rs. g-CyN, . BCN-M,
BCN-1 LA BCN-2 %) s b 35 5 403301 R . 0.002 3
0.002 7. 0.004 1710.005 8 min™', & &K K BCN-1,
BCN-2 Sz by 3 2 85050 i & g-C, N, 1Y 1.8 Fil 2.5
¥, AR Bi,0,CO, 1 g-C, N, ZARA B E Y2 A 42
TRV . IR AN E A AR AR B
KRR T 25, XnTReRt T ¢-CN, 5
Bi,0,CO, 4143 A1 AH H./E 5%, JiA -2 7O Y
Oy B A RUTEL XS P B R AR E 6(c)
fiR, BRT Bi,0,C0,, HAVEALTINEPE 3 R i
RIS LS BB g-Co N, FE 120 min P XF 2 FHIH
B HYREMEARAE 40% 247 5 g-C3N,/Bi, 0,CO, 25 4F
B 1% MG F g-C, N, . Bi, 0,CO, 2 BCN-M, H
BCN-2 7£ 90 min X% FFEH B # %% 15 % 100% ,
HABRVEAL T BON-1. ¥ In(co/c) DT SN I ] ¢ 1
AT RS, AT LAAR Ot S 0 R AR — SR
6(d), g-C;N,. Bi, 0,CO,, BCN-M, BCN-1 DL &
BCN-2 1Y Jiz Jif 3 85 %4 43 51 . 0.004, 0.005 1,
0.008, 0.011 8 1 0.030 2 min~'. BCN-2 JZ i 3 3
Bk, i g-C,N, 1 Bi,0,C0, 9 7.6 F15.9 f4.
XA DAFAE S R B A MR R A o-C N, 5
Bi,0,CO, 4143 A AH BLAE %, (2 #F 6 A 257X
KB R ES , 15 BON-2 AL TG M8, Sy ik
JEfR. 4, TS AMNE RIS Bi,0,C0, 7 Bl
AERLTE (2978 3.25 eV), ARG RHEHE AT WG Friig
K, ARJRIAE W] WO N B P B S PRI T
g-C;N,, XA T YRt 2 FH B 5 Bi,0,C0,°F
SR BB LS AT R B b B S, A5
DA B(ARR T Eg= 0.95 V) £E 7] LG X I 552
nm JFERAE B o i I, RS RSO S 1Y AR
A HLA S35 R 0.95 Fil-1.42 V(ws. NHE) .
TR RHE R E R AR, %S
T g-C;N, . Bi,0,CO, Al BCN-2 7& 1] WLy¢ R % % F}
W1 B Y RSt S o 38 5 PR AR DG (an &l 7 i) .
ATLAVE Y, BEE R G BER3En, 3 Fh 1k ) T
B B IR AR SN R BRI, /N T 450 nm
FERiER 2 5, B FFI B MR RAE 15% ~30%
ZiAs. A 550 nm i JEERAS, FEM A B g-Co N, |
Bi,0,CO, fZ FHH B v, WA T FHH] B g &,
A2 g-C,N, | Bi,0,CO ML ™% FHH B BIREARF N
5% ~20% , UiHART WG B FHIH B AR A S v 2 —

-~ 100

g-C3N,

Absorbance

Degradation rate/%

Bi,0,CO, -150
A °
\A
1 1 1 1 L &; 0
300 350 400 450 500 550 600

Wavelength/nm

Kl 7 g-C,N, . Bi,0,CO, 1 BCN-2 7ER] UK F %
BPEH B KA S0 AR KA A
Fig.7 Wavelength-dependent RhB degradation rates of prepared
g-C;N,, Bi,0,CO; and BCN-2 composites

ARG R, i L R i R
FEPIAEAL IR R FR# A TE. BLAD, Bi,0,C0, % & )}
B B ARl ILOG AL R A 2 (10% ) & T g-Co N X%
FHA B AT WOGHEACRE R R (29 5% ) , X UL 2 )
W] B 7£ Bi,0,CO, 3R lLTE g-C, N, K H 5 & 1k [A]
PRt &, & i TP S B/Bi,0,C0,
TR AR ARG 22 (29 1.82 V) LB FFH] B/g-C5N,
FLRRERTE 22 (29.0.34 V) K, IWIRT14 M Bk,
A HL T B ) T A B PRI B3R I RS 3
Bi,0,CO, 3R L.
2.3 N R NEHIE

B 2 YA S N A R TS R R, X TFIRA
WFZE AT UL A0 550 B A 25 P B s g AL B 3R
HHEE. AT IE P A 0 2 38 A AR S X
(hyy ) A E HE R 8 09, 23 0 i A RUT BE
(-BuOH) | X2 (BQ) M Z — U £,/ —4#h (ED-
TA-2Na) , FHR AR S 0 3o 2 v 7= A e 35 Pl 3
(HO®) MBE A ML 0,7) 25/ (hy,) . B
8 JIT7R M) 2 25 Fh TG M ) A 7E T WLOG R X g-Co N, |
Bi,0,CO, Al BCN-2 & PEM 5. 78 g-C,N, R R,
T t-BuOH J5 % FF B (4 B i 2 ms A T e, Ui
FREE A BRI S AR R E RIS Rl SR
A BQ J5, % FHEH B B RE MR 208 T R, Ui
*0, R N R R EE MY AP, N EDTA-
2Na J&7, FFH B BUREAE R B eem. A,
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Preparation and Photocatalytic Performance of g-C, N, Composites
Hybridized with Bi, O, CO, 2D Nanosheets

LIANG Hong-yu'”*, ZOU He', HU Shao-zheng', LI Jian-zhong®, TIAN Yan-wen’
(1. College of Chemistry, Chemical Engineering, and Environmental Engineering, Liaoning Shihua University,
Fushun 113001, China; 2. School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: Two types of g-C;N,/Bi,0,CO, 2D nanosheet composites were prepared by self-assembly and chemical
precipitation. The obtained catalysts were well characterized by X-ray diffraction ( XRD), UV-Vis spectroscopy,
scanning electron microscopy (SEM) , N, adsorption-desorption, electrochemical impedance spectra (EIS) and X-
ray photoelectron spectroscopy ( XPS) and applied to the photocatalytic degradation of organic compounds. The re-
sults showed that the synthetic methods slightly affect the crystal phase, morphology and optical property of the ob-
tained composite products, but strongly influence the interaction between g-C;N, and Bi,0,CO;, resulting in an ob-
vious difference in the separation rate of photogenerated electrons and holes. Their photocatalytic performances were
investigated in visible-light-driven rhodamine B ( RhB) and phenol degradation. The g-C;N,/Bi,0,CO, heterojunc-
tion composites prepared by self-assembly showed the better activity with stronger interaction and good photocataly-
tic stability after three cycles. The "0, radicals are confirmed responsibility for RhB visible-light-driven degrada-
tion. The obvious enhancement of the visible-light-driven catalytic performance is ascribed to the high charge-sepa-
ration efficiency because of the multiple effects of photosensitive RhB, g-C,;N, and Bi, 0,CO;. The self-assembly
method assisted by CTAB results in strong interaction between Bi,0,CO, 2D nanosheets and g-C;N, layers facilita-
ting tight contact and formation of a stable heterojunction composite.

Key words: g-C,N,; photocatalysis; heterojunction composites; Bi,0,CO,



