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B RhB: 5.0x10™ mol/L (7KW s LKA
FR% Bi(NOs), - SH,0 (AR) ; fwiliR#k (NH,VO;)
(AR) ; FHPRIR(AgNO;) 5 ZEAM (AR) ; HAHIR
(AR); JoK Z M (AR) 5 &5 HoAt i 70 14 08 43 A 4.
SER KB R AR IRDK.

{XA%: D/max2500 #Y 5 £ 417 5 X ( Rigaku, H
A) 5 XL30 494 i, 2 535 ( Philips, fif %) 5 UV-
3010 %Y 28 4b W] WL 43 % O BE i (Hitach, H A );
Lambda25 284 a] UL 35606 (PE, 3£ ) 3 NEX-
US Y FTIR {37 M21 48635 ( Thermo Electron, 38
[E), Delta 320 pH ] ( Mettler-Toledo, ¥ R/
#]) ; MultiN/C2100 % TOC 43 #74% (Jena, fE[H ) ;
XPA RGN (7 U TLHLEL T ) 5 40 SO
xBTS A PRAR]) 5 R w4
ICCIW-BK112) 5 R AR €354 (Waters SE[H ) .
1.2 Ag/Ag,0-BiVO, LTI —HEEH

4 10 mmol Bi(NO,), - 5H,0 (4.850 7 g) JIA
5 mL (ARASIR Y, IN/K B % 20 mL J5 S 10
min S A HEs 5 10 mmol NH, VO, B7 3/ T
20 mL 2 mol/T. ) NaOH HE I B W5 # A W
AZE B WP RFEHE T 40 min, B C K, I NaOH
FUHNO, P57 Ay pH 2 6.0 ~7.5 Z ], FIESN
W ZNRTE AR AgNO; #5910 mL, fi Ag 48
Z= BiVO, B E 0, 0.71% , 1.44% F1 5. 72%
(T A, SRIFRHR S W A 100 mL PYFE 2 M
AT AN RN K B 48 T4 TR A T VR AR R Oy
80 mL, T 160 “C N 12 h, FFSO 4 HIRE
WG, B ZE K FTE K Sl T 3 1K,
80 CHA T 12 h JF R BIAR BB RGN E &
TUEALSR]. WI46 BiVO, FIEZB A& 0, 0.71%,
1.44% F15.72% (J55-F 73 o) B9 BiVO, A& RKIGT
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1.3 ST R R

SR XERAT A CXRD ) X A £ 771 14t A 2
13345 P4 i 7~ AT (SEM) WLE A AL 77 1 1k
WS FIZR LS s SR ] BET I 7 A0 50) ) L 2w
L Lhali BaSO, fE NS HURE ML, SR F 550 mT Lk
JETEASCIN T PR AL 0 )R] L Gmie AR 5 Tl X ek
REIS X (EDS) #1 X S 20 HL 7 BE3E (XPS) X1k
P& e R M2 AT o s 236 (PL)
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RFNWAEAL T P i -2 I R A LR
1.4 Je{E{LB&fE RhB

S SR 7E XPA R Iy 4% itk AT, Al
SIS 500 W 4 pa kT, HIUE S R g i /N T
420 nm WG, T A IEIE BEK B SOV 4812
A, FFFIE L KU, AR TE 2 S S Ak SRz AE 30
CAAWA WG (A =420 nm) 0T F#17. B
0.6 mL RhB 7 (1.0x10™* mol/L) 5% % 30 mL,
A 30 mg fiE AL ) SN VR ESE AT WS RN
60 min , {iff 38 31 W B -5 5 I 46 G #E1 T G A A
KA . BEBR— 2 BB TR EORE, B0 &, £
RhB S5 KIS A AL S (A =554 nm) P 06 FE
JEZECAMEA SO AL,
1.5 st BRI Ny F SA

TE50 mL e W45 A 4 mL SA(1x107°
mol/L) , EZSH 40 mL, I A 40 mg {67 f5 ik
A XPA BOGRSAS . W SN 60 min K 51 0 ffF-
5 Ja TR AT IO E (A =420 nm) , FAS[a] [ B[] [a]
HORE e B0 J B i VRS P e RO (i vk A
W SA FIVREE. BT 35 251 JshAl 45% 1)
I 55 % iR — 24 (0. 01 mol/L KH, PO, , pH=
3-5) , IEXHE*E C‘lS *f, /Jﬁl% 0.7 mL/min, *E{J]‘% 30
C, Kl 278 nm.

2 ZRGHEWIR

2.1 FmiyEESEMR
Xt Ag/Ag,0-BiVO, FEfh#E4T XRD R AES5 R I
LR 7. ey P ] RRE il A WS 1) 3 50 0 e o

g
T o
-+ -+
=) N
o Sample;,,
Sample
A | I WA P
‘ I Al A ‘ A Sample,
M | P
PDF#14-0688 BiVO,
1 II II | .l l" 1 II..“I I
10 20 30 40 50 60 70 80

20/ )

1AL XRD 513
Fig. 1 XRD patterns of the catalysts
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Fig. 2 XPS spectra of Sample, and Sample, ,,
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164.52 F1159. 17, 516.67 F1524.47, i Sample, ,,
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516.62 i1 524.77. 7E LiRWIAM AL, Bi (4R
EWE S35l Bi 41, F1 Bi 4f;,, WA A HEPLIE 7> 200
Firsimide , G W1 T b A AL R0 P A B 38 DL B I AF
1, VIR S350 52 V 2p,,, FI1V 2ps, FE XY
W, HLL VIR AFAE. LR W], 7 Sample, il
Sample, ,, fEALFH, Bi A1V BT ER 1Y B T 2
PR KR A, FURXT N A RETE B TR
A8k, AR ) XPS 4 [&] (a) #1 Ag 1Y XPS
AET &8 (e) & i, Sample, ,, AL B T Ag

(1) 3d FFAENE, FLZ5A R 3k 367. 47, 368. 02 Fi
374.37 eV, 7 Hr 15 tHAR 7E BiVO, i 4k 75 Hh DL B 5T
Ag Il Ag, O WiFIEXAAAE. AN HE, Ag fETERS O 1s
M5 REALE T W] AR fHy 529. 82 F1531.72 eV
ARk 529.87 F1532.02 eV, X iE—AEM T AELF]
M b Ag, O YR HIAETE, [RIIRH] Ag Bl T i1k
I T P

2R AR L IC E Y EDS X} Sample, 1
Sample, ,, £ AT 17400, B 3 WAl LUE F Bi,
V. O TR, EIErh R B Ag, 76 XPS
Hr, Ag 1Y Atomic % LN 0.11% , X2 Ag BYJEF 1
g3 W B A .
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Fig. 3 EDS spectra of Sample,(a) and Sample, ,,(b)
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R B AR KL E ) 1 2L 2R B AT e R A R
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Fig 4 SEM images of a: Sample,, b: Sample, ;, ; c:Sample, ,, and d:Sample ;,
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Fig 5 SEM images of formation process of Sample, ,,
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Fig. 6 UV-Vis diffuses reflectance spectra of the catalysts

a: Sampley. b: Sample, ;, ; c:Sample, ,, and d:Sample; ,,
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W—ELBBER , 7E 530 ~600 nm ] WL XGME I
AE SIS SR, % 7 sR e X F TS i T A
FHUJHRUHE BiVO, RIS & Hi T H 5 M Bi 6s FlI
0 2p FIrE M2 A HE (4t ) 16] V 3d BiE (4
BRIT A=, AAB0E R TE U ol Ja FE A 5, 7 B
BB/ MR A R Eg=he/A, =1 240/Ag( b
Eg Fl Ag 73 5" A BHI AT BRAE eV FILIE I i i
FEACZE AN X A ag SR AR AR ) - ol BB 475 3
Sample, ., Sample, ,, . Sample, ,, . Sample, ,, & 5| k£
A, 439028 530, 545 570 F1555 nm, HAHRAY
TERRE S 2.34, 2,28, 2.23 fI2.17 eV, 5
BRI TE 1 BiVO, 847 5818 SEAARF . Rl
LI, SEORMCHBRREAL /N, A TR AT IO R
W, ST TR .

2.4 LTI R SEHAIE (PL) 247

JEEULG (PL) 1% 2 B B 80 7 1 45 & 7
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i B ARMIZIE /Y PLOGTE, X ULR] Ag &1 Bi-
VO, BAGEBT A GG, (Hi2#m | PL 6%
MRREE. Bl Ag SRRV, PL G oR T 2 Wk
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Fig. 7 PL emission spectra of the catalysts

a. Sample, b. Sample ;, ; c¢. Sample, ,,; d. Sample; ,,

B R 2 BiVO, SRIRIAHE , 1X 2B a5 s 1k
FUOL, TG PEF] RE 23 32 B .
2.5 fE4LFIEY BET 347

% B AR AL R Y b T ARUHE X LR B 3
BRI, W R TR/ BT E T Sam-
ple, . Sample, ,, . Sample, ,, . Samples ,, &£ 500 L3
AR 4.0,3.1,2.7,5.7m*/g.
2.6 AT ELFEN KRR TOC BNE

K 8 & Ag/Ag,0-BiVO, B TE (A =420 nm) [
AL [ A 2 FH B B A e it 5l g~ it
2. MhZka KW RhBTE AT WOG R A2 & A A R

£:2.2x 102 B
0.020 |- -
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: N =
§ 0.010 | 4:9.5% 10° - -
0.005 i~ 4.2 x 1073 - - -
0
1 2 3 4 5 6
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Kl 8 SLAEfLRESF RhB 3 J)~# i £
Fig. 8 Kinetic curves for degradation of RhB under visible light

A : Photodegradation ratio; B: Reaction rate constant k

a. Dark/RhB/Sample, ,, ; b. Light/RhB; c. Light/RhB/Sample,; d. Light/RhB/Sample, , ;

e. Light/RhB/Sample, ,; f. Light/RhB/Sample, ,,[ catal]=1.0 g/L, pH=6.94, [RhB] =1.0x107 mol/L
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TERE KW 464 Sample, . Sample, ., . Sample, ,, .
Samples ,, Xf & FHH] B 73 5 R 1 2.3% . 5. 7% |
17.4% F1 14. 1% , (HIEARAT M. X ULHIA RN
WA RhB 5 242 B RAEAL TR, [R] It 1 S
Ag MAFTERR & T BiVO, MR, s 1
JCHEAL T Z IR B AH EAE . I A AR 7D B Y 2%
fET, RhB VA I (0 58 Bl 35 D' fHE A S i 8] £ SiE
KiK. [ 160 min, Sample, %t RhB (1[4 fif 2%
H63.3% , BEHEAR S BiVO, BAT—&E ] I
JCHEALTE PE. TEAH [F] B SE 50 25 F T, Sampleg 5,
Sample, ,, . Samples ;, %] RhB [ B i AR #8 A T 1R
R FE R, Horh Sample, o, BOGHEAL G LA
B REAR i, SEHE 160 min J5XF RhB (1) F fiff 26 4
T 100% , Tkl REF, fEALRCR O R R,

i S LK (TOC) BRER I RhB R fife i 2
HRIE R (B 9) , O 25 h Tkl e o't
FAF N EEAN KA, Sample, ,, Xt RhB 11571k
K} 46.5% , Sample, % RhB )5 {L%H 28.2% .

e

14

—v

—&— RhB/vis/ Sample,
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—&— RhB/vis
—¥— RhB/Dark/Sample, ,,

12 |+

10 |
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t/h

9 RhB Ffifff) TOC 221k
Fig. 9 The TOC removal of RhB

[catal ] =1.0 ¢/L, pH=6.78, [RhB] =5.0x10" mol/L

2.7 BEAULFIRITEIN R R
HEACTA RS E VAR AR A VR i
BA— 7 BRI (BRI 52 B L A (ELAY P 3 224
. 1B 10 JEGHEA BN i M B 45 1Y) Sample, o, AL
PRSI LRI, HEACTRI ISR 4 U5, 3R 1R
Frf R B G AR I 1, 6 B2 1 R0 10 B
PEGS
2.8 StfERE@E AT SA
NYUEAE AT WCZRAE R, SCHEAL OB XA B

A/A0

Pl 10 RhB ) figt G 21
Fig. 10 The cycle degradation of RhB
[ Sample, ,,]=1.0 ¢/L, pH=6.62, [RhB] =1.0x10" mol/L

REffIFAE LB, BERRTC 6+ SA B ST HOb i
VER, 450 UL 11, fE5E R84 20 h J5, Sample, 4,
il Sample, Xf SA [ [ fif 22 43l g 55. 3. 0% FI
18% , XfRRSCER H SA Mk FEEAAAE, Uil SA
AR B8 I R T A Z . ER G — 25 PR AL
FIA G AE ] WCHOR T RERE A ILT5 %44, H. Sam-
ple, o, FGHEALTE S T Sample,.

1.0

0.8

0.6
g —a—SA/vis/Sample, ,, d
0.4 |- —eo—SA/vis/Sample,
—a— SA/vis
0.2 F —v—SA/dark/Sample_,,
0.0 1 1 1 1 1 1 1 1 1

t/h

BT et R SA B3l )2 i &

Fig. 11 Kinetic curves for degradation of SA under visible light
[catal ] =1.0 g/L, [SA] =1.0x10™ mol/L (a) SA/Vis;
(b) SA/Dark/Sample, ,,; (¢) SA/Vis/Sample, ;

(d) SA/Vis/Sample, ,,

2.9 AEXEUNIEERR

BET %djs /R Sample, ,, # LR AR/, Ui
W] EE 2 T BN S A2 G AL T 1 AR B BE A i
I, Ag MINARESE ¥ BiVO, Al WLOGHEAL T VA o
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WIZMHLEL O 7 i —20 W] Ag-BiVO, & &1k
FIh T 52 Ag i0 2 Ag, O FUFERT, FRA T 7020
BT RS AR (1) BrK Rk & 15 211
FURHH BiVO,(d) 7 AgNO; L), 7 300 C %
HBerT 3 S A BAA AR O AEAL ] a (Ag,O-Bi-
VO,); (2)% BiVO, Jin A E| & H Y AgNO, ¥
AN, BREEDG RS 3] 10248 e AR ) Dt ik
b (Ag’-BiVO,); (3)¥f Ag,0-BiVO, A/ HEH
AgNO, 1 HIBE, A N, BREOGIR, 153 Ag 1
Ag, 0 JLRABMIEAEILT] ¢ (Ag"/Ag,0-BiVO,).

B 12 2 BEATE R IO (A =420 nm) BR5R G
HEALREAR 2 FHI] B (R sy 2zt 2. AT LUR
Ag,0-BiVO, (k =0. 083 min™") 1 Ag’-BiVO, (k =
0.059min™" ) [y A Ak 15 1 35 8 T BiVO, &R B (k=

10 [ —a— a:Ag,0-BivO,
—e— h:Ag"-BiVO,
—t— c:Ag'/Ag,0-BiVO,
0.8 -
0.6 -
4
=
< 04
0.2 -
0L, 2
0 10 20 30 40 50

t/min
Kl 12 Z R RDE LR RhB 3 J) -7 i £
Fig. 12 RhB degradation curves under visible light irradiation
over the corresponding reference catalyst
A . Photodegradation ratio; B: Reaction rate constant

k [catal] =1.0 ¢/L, [RhB] =1.0%10" mol/L
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(7). ESR & —Fh AT DL e Gl E 16 P4 B i R
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HEATINAE , PRI AT FH 00 5 By Aot e v 66 7 i 1Y) 4
PGPSR WK 13 (a) Fias, %FF Sample, 4,
FERG N A5PE T, JCHA S0 ESR 55, 780 DLoB I
ST, BRI R E BRI 1 202 0 ]
) DMPO- - OH #§4F 4 S, JEH] Ag-BivO, 1£ 7]
DO BRI AT AR K A2 - OH [ Hy 2. [A] 36
ity ®, DMPO- - OH & ¥ 0915 5 ZE K I [A]
MR 2B W A2 55, X Al BeJe A WL 4> + 35 4
- OH Dl Je | i3 & Mo AL AE i 45 1. (H2&
XF 0, T B SRR I B A ULEE 21 B i Y DMPO-
0, fF5IE(K 13(b)), RUMARPKRA O, H
HIZEAE . NILTE Ag-BiVO, JEHETLIE R A LTS 4L
Ptk R, - OH 2 EZRE Y Fh.
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Preparation of Ag-BiVO, Composite and Its
Photocatalytic Oxidation Mechanism

WU Chun-hong, FANG Yan-fen, ZHAO Ping, YANG Jian, JIA Man-ke, HUANG Ying-ping "
(1. Collaborative Innovation Center for Geo-Hazards and Eco-Environment in Three Gorges Area, Hubei province,
China Three Gorges University, YiChang, 443002, China;

2. China Engineering Research Center of Eco-environment in Three Gorges Reservoir Region, Ministry of Education

China Three Gorges University, YiChang , 443002, China)

Abstract ; It is reported that, as an excellent visible light photocatalyst, the photocatalytic activity of BiVO, was se-
riously restricted due to the low efficiency of charge separation and surface adsorption capacity. One step hydrother-
mal method was used to prepare Ag-BiVO, composite photocatalyst, which was detailedly characterized by X-ray
diffraction( XRD ) , energy dispersive spectrometer ( EDS), X-ray photoelectron spectroscopy ( XPS), scanning
electron microscope( SEM) , UV-Vis diffuse reflectance spectroscope( DRS) , photoluminescence( PL) and brunau-
er-emmett-teller( BET). The results showed that both Ag and Ag, O coexsit on the surface of BiVO,. The photocat-
alytic activity of BiVO, and Ag-BiVO, catalyst was evaluated by the degradation of Rhodamine B (RhB) and Sali-
cylic acid (SA) under visible-light (A =420 nm). It was illustrated that the optimal catalytst Ag-BiVO,(1.44%
Ag doping amount) could significantly promote the visible-light photocatalytic performation. Adsorption experiments
indicated the presence of Ag greatly strengthened the adsorption of RhB on the surface of the photocatalyst. Further
experiments showed that the high-efficiently photocatalytic performance of Ag-BiVO, derived from the coordination
of Ag,0 and Ag, and Ag,0 played an leading role due to the information of p-n heterojunction with BiVO,.

Key words: Ag-BiVO,; p-n hetero-junction composites; photocatalysis mechanism
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