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Visible Light Photocatalytic Properties of Bi,O; Modified BiPO, Nanorod Com-
posite Photocatalyst
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(1. University of Chinese Academy of Sciences, Beijing 100049, China; 2. State Key Laboratory for Oxo Synthesis and Selec-
tive Oxidation, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China)
Abstract: BiPO, nanorod composite photocatalyst with controllable morphology was synthesized by using Bi,S;
nanorods as a template. This composite catalyst exhibited excellent photocatalytic performance for methylene blue
(MB) degradation under visible light irradiation. UV-Vis diffuse reflectance spectroscopy results showed that the
Bi,0; modified BiPO, catalyst had higher visible light absorption. X-ray diffraction and transmission electron mi-
croscopy results indicated that as-prepared BiPO, catalyst was nanorods with diameter of about 30 nm and length of
200-500 nm. Surface modification with small amount Bi,O; could significantly promote visible light degradation ef-
ficiency of MB, which was about 1.7 times higher than that of the unmodified BiPO, catalyst. Photocurrent and N, ad-
sorption experiments showed that the photocurrent and BET specific surface area increased significantly after surface
modification. Bi,O; modification not only enhanced visible light absorption ability of catalyst but also presented a
center for the enhancement of electron transfer. The results showed BiPO, catalyst with Bi,O; modification was a high
activity photocatalytic material.

Key words: BiPO, nanorod; Bi,O; modification; photocatalysis; controllable morphology

Yis HEA: 2014-03-06; WEIELFE HEA: 2014-04-22
EETIE: = EAHEE 973 1 H (2013CB632404); 5 A4 863 1l H (2012AA051501)
973 Program (2013CB632404); 863 Program of Department of Sciences and Technology of China(2012AA051501)
1EZ BN H4E0981-), B, W -LW7 4. E-mail: duquanchao@126.com
BIWAEE: BI4E, W90 R . E-mail: gxlu@lzb.ac.cn



%11

A, %5 Bi, O (B 1 1) BiPO, 4K & G M A 550 o] W66 AL 1 e Al 57 1205

PURT AL 80T A ET I 5, X BN A
FAAF AR I TR ) e 1 20 MR A7 R BE UL
RAVERIAEL . SR FR AR R s e 4 AR
MIHR. FEARZ IR BOR A, JefiEfL R H
AR AR, eI KA BERIHT
T VA TR A ) R T AR R R L I
IR SR AE AL B A ML R B LE TiO, SEAR
KPR RE, " RAT G R ORI AL
A H SO47 L POSTER G HEAL R, RN 4
PR, AR R PR . =2 U A R
ARGy g e g R, BIPO, T8 3% kI ] 21
AL R HLYS BN v, B i B A% A VAT 5
SRR R AR A

RO R T KA A R BiPO,, 144
TR AT B v (R A 7 BE R HL G 20 B R, FE DG
figf . FHY R S ORLIN (R AL TGP S TiO, (P25) 1 2
i BREPURIMIIE A T CAS-BiPOJ(4 KR
UK, FE R I T BEUS AT R A TR R LR 2
o 5 2 SR AN [ 1 0 FH 0 R i il 6 T Aok
UKL, 9Kk, OKBRSEAFFESL BiPO,, AKX
SRR AL THFE ' A A B S 06 P G AL 1 2 B2
AFNEITESURR T P, RN B A2 2o 98« il A
FLAR I T2 o 5 LAE IIX LERIE 1, BiPO, IR 15 1k
2 AR KT T PR R 4 JSORE, SR BGE L W
P B AR RS D ik, iy BLAR
A e e R 6 VR T R DL ARGE

AHEFELL BipSs AKAEA UKL, A 4 A
PETCHUR RS BipSs 44 K4 HEAT 24 i 452 b A1 10 1R A1
SN o BIEFCRBLAE BipSs 4 oK #3411
BiPO, X BiS; KA, JEHGHK BiPO,
AR o TR P 25 A REAL TR AT O HE A RE VR
W, RBLLL BipSy ANy JSURH I 4 ) i 1 Bk AN A
HATH B9k e 3, i B e ek e
YT AL Ge il a6 BRI . AT T IE 45 5 R AL 45 KXt
PR AR A 7 7 A 3 P 22 5 ) s R REAT T 4R

1 LWHZE

1.1 fEdFIayH &

P AR 2l m S5 R 2 i 2ll, JF B &
Al

DA R B8 A JisUH ) £ W R B . FREX 0.005 mol
Bi(NO3);-5H,0 (2.425 g)iF T~ 40 mL Z&1R/KH, 24X
JETHIN 4 mL IRATIRIE BINOs)s 5E 4w i, [RIAFFEIX
0.01 mol NaH,PO, ¥ 80 mL H,O . 4R i Jill 2 43¢

PER RIS EERFIN FHTE RS 100 mL H,0 He,
FENGREE M54 0.2 F1 0.4 mL/min. 5\ 56 B J5 4k 45
P FE: 48 h, WIEVESR TS A EORR, 104E ST R .

A il IR A B8 2 K O TSR o 4 B IR B . 1
4E, 0.01 mol ) Bi(NO;);-5H,O Al 0.02 mol #iflf
TESRAHE T W T 55 mL =4 =2 —Frh, Wil s
B, SRJG A 3 mL 6 mol/L NaOH /KIFWR, k4t
PiFE 2 ho PR R IR SR ) 100 mL 75 2 DY
O N IAE I N ZE T, BB KR Y 24 he
R RN SE R, FH 2818 7K FH AR 2 3 4 5 550 R L
AR, 155 Bi,Ss 4K

H{ 0.001 mol [f] BiyS; 4 KHFEHHL T2 100 mL
0.001 mol/L HNO; F12.0 g/L /et = H LR
¥ (CATB) TR A D, 18 XUKE rh 4 v s 4 22
55 ColEdHiHE T HEZZEA 200 mL 0.001 mol/L
1] HsPOy ¥, HANHEE N 0.2 mL/min, FE A5G
Ja PRI FE 48 ho TS i ZE R AKFI S K &
W 70 43 Uk LABR 25 T P 2% 0, T4 5 15 21 1A
WOAE S2.
1.2 ELFIRERE

HEALFN I TEA T Tecnai-G2-F30 7 i 73 i 5
HAEL(TEM)M S, #HAEH RN 300 kV, HETRE S
S1 8% S2 AL FIAE T /K L 8 75 43 S min #1145
AN — 0] LG S ] HP 8453 4066 1 &
FE 5 20 1 i H A Rigaku D/max-RB 7 X 52 A5
e, TAEHE 40 kV, TAEHR 30 mA, FH#0
Fil oA 10°~80°, 7 Cu Kadm i 41 N id sk AL A X
S ERAT I B (XRD) o A2 40— 1T D38 &
% (UV-Vis DRS){E U-2550 7448 Zh—a] W6 1A% Ll
52, UL BaSO4 1E NS, (AL Lb 2R H AR FL A4
SOl BET 79245 ASAP 2010 13 il 5, Wi B 4
NRA, BAEERE N 77 Ko
1.3 fENIEENE

FRA SR AL TR 1) FE AL A AT Ol
o 25 ' FL I — I 1) il e ke VEANY, o T SR
CHI660A HL Ak 27 T AR w78 Fr 74 1) = AL AR A4 5% op il
T o BT 1) R T VR R A B2 1T B AT A AL
Y I EATO) b, BETVEN TAE M, HiEd
A0 Ve SCREALF TN S 0.1 mol/L K,SO4 I &
/K ( V:V=20:80 VIE W - Pt 22 FL A R AIH 7K HAK
I3 MAE AR B AR AN 2 LA

VP FA B PRSI0 el ib N AR — A
148 mL (AT TH S LA o8 SO T,
IR IARL A 6 em®s ¥ 25 mg HEALFPBI A (S1
5 SOMA R, SRJETEAN 100 mL K E 4 10° g/L



1206 T ALK R

029 4%

(RN FRE WV, B PSS 2 h 5 IFaR R
FEIR, o YR HSX-F300 AT, 28 420 nm HI#R1E
PEC IR RS 30 min HUREIE U8, 76 HP-8453 7%k
AN AT LIRS B S 00 5 T U B R

2 FER5

2.1 Bl Bi,S; K #EH TEM i£F1 XRD FRAE

1(a,b) 73 7l /& BixSs #F it (11K A% A 1y 43 ¥
TEM & F, Frifil# i BiS; KM ES Wos ki —11)
KB, T HLR RS [ AT DL Ak 4k 2 0.374
0.501 nm 737l ))&k BirSs (101) F1 (120) .
Bl 1(d)/2 H 1) BiSs A a1 XRD K%, MK fap
CUE H, BT A AT T LUHJE T BioSs, i Hk

(101
0.374 nm

e * Acquire EDX
Cu
1000
g
[=]
4]
500 .
Bpi
Cu BPI
LJ.B" BBy Bi
5 10 15 20

Intensity / (a.u.)

10 20 30 40 50 60
20/ (°)

1 BiyS; 492KHe(r) TEM & A ()l =i 2 958 (b)) S H EDS

fg itk ()M XRD i (d)

Fig. 1 TEM image at low magnification (a), HRTEM image
(b), EDS spectrum (c) and XRD pattern (d) of Bi,S; nanorods
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Fig. 3 The XPS survey spectra and the high-resolution XPS spectra of the S1 and S2 samples
(a) The XPS survey spectra of sample S1 and S2; (b) High-resolution XPS spectra of Bi 4f in sample S1 and S2; (c¢) High-resolution XPS spectra of P
2p in sample S1 and S2; (d) The fitting curves of high-resolution XPS spectra for Bi 4f of sample S2
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Fig. 4 TEM (A and a), HRTEM (B and b) images and EDS
spectra (C and c) of S1 and S2 samples
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Fig. 6 The transient photocurrent-time curves of samples S1 and S2
Reaction conditions: 20 (V/V)% ethanol aqueous solution with 0.1 mol/L
K,S0,4, A>420 nm
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Fig. 7 Light degradation efficiency of S1 and S2 in methylene
blue solution

The light source is a xenon lamp, cut-off filter 2> 420 nm, the concen-
tration of methylene blue is 10° g/L
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Fig. 8 Cyclic experiments of MB degradation over sample S2
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