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Mechanism of Si-BiVO,synthesized with rice stem as template and
silicon source and its photocatalytic proterty
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Abstract: xRS-Si-BiVO, photocatalysts were synthesized by sol-gel method using rice stem as template and silicon
source. The prepared samples were characterized by XRD, XPS, SEM, BET, FT-IR and UV-vis DRS analyses, and the
photocatalytic activities were investigated by photocatalytic degradation of methyl orange (MO) under visible light
irradiation. The results show that the samples prepared with rice stem as template have the same morphology of rice stem.
The crystal sizes of all xRS-Si-BiVO,4samples are smaller than those of pure BiVO, prepared without rice stem, but the
phase of all samples is still monoclinic phase. Si*' ions from the rice stem are doped into the BiVO, lattice and replace
some of V' jons to form O—Si—O—V—O0 bond, which leads to more V** ions and oxygen vacancies in RS-BiVO,
lattice, and narrower band-gap. The degradation rate of MO under visible light irradiation for 50 min is 93% for
6RS-Si-BiVQ,, which is much higher than that of pure BiVO,.
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Fig. 1 XRD patterns of rice stem and BiVO, products:

(a) Rice stem; (b) Pure BiVOy; (c) 5RS-Si-BiVOy; (d) 6RS-Si-
BiVOy; (e) 7RS-Si-BiVO,
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26/(°)
2 6RS-BiVO, fEANHIMEELFE (K] XRD 1
Fig. 2 XRD patterns of 6RS-BiVO, calcined at different
temperatures: (a) 6RS-Si-BiVO,, 500 ‘C; (b) 6RS-BiVO,-Si,
550 C; (c) 6RS-BiVO,-Si, 600 'C

2.2 SEM #A BET 24

5 3 P A aiKRERFE . 4 BiVOs. 6RS-Si-
BiVO,-500 ‘C. 6RS-Si-BiVO4-550 ‘C. 6RS-Si-BiVO,-
600 ‘CHJ SEM 5.t 3 n] WL, 4l /K FEFEFF (LK 3(a))
HETHER: 21 BiVOs(ILIE 3(b) W ABIERIE, 7
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B3 KFEFAT A BiVO, i) SEM

Fig. 3 SEM images of rice stem and BiVO, products: (a) Rice stem; (b) BiVOy; (c), (d) 6RS-Si-BiVO4-500 C; (e), (f)

6RS-Si-BiV0,-550 ‘C; (g), (h) 6RS-Si-BiV0,-600 C
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45 1 R BFE S 6RS-Si-BiVO,-500 ‘C(ALKE 3(c), (d))-
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REAT g B ) 25 X AR SRR i el BiVO, RIURE K I 't
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F IREd LEAR TR R . BB MBI FE 4R R, AR Al &
A RE LR i, OB/ NEET IS, TAREITAL A
Bo)—SIERR, Bl 3O AT A, FEAh R
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4  FEfih BiVO, Fl 6RS-Si-BiVO, ] Si2p. Bid4f. V 2p Fl1 O 1s XPS i
Fig. 4 XPS spectra of BiVO4 and 6RS-Si-BiVOs: (a) Si 2p; (b) Bi 4f; (¢) V 2p; (d) O 1s
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Fig. 5 FT-IR absorption spectra of samples calcined at

different quantities of RS and different temperatures: (a) BiVOy;

(b) 5RS-Si-BiVO,, 500 C; (c) 6RS-Si-BiVO,, 550 C; (d)
7RS-Si- BiVOy,, 550 C; (e) Rice straw

2.5 UV-vis 9%

6 JIT7 A AE 550 CHRE T LLAN RS H & RS FT
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— A W8 ORI . ARl SRR B, BiVO,
RS AR s A

ahv=A(hv—E,) (1)
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AR T o R (AR)™ X Ry 0, R B L5040
HERMARRAL AL, B 28 w8 BE (L (L rh A A nT I,
8RR OEE ). 4l BiVO,. SRS-Si-BiVOj .

6RS-Si-BiVO,. 7RS-Si-BiVO, #2575 55 & 7 5 A «

224, 210, 2.04, 1.96eV. ZEREKH: LLIKFFEF N
BB 25 1K) BiVOy, Gk REAE S AR m) W [
WER R, BRI, 2500 s, X
AT BE T 58 H T DURS R A AR 2 (AR o it MR 4 sk
Ny PEARRETRON, NI T AR g RN K,

KRG Si B3N BiVO, fkgh, P2 AE AR AR,
M T HAT R o8 U, HLBE 7K RS AT FH (g 334
%, T BRTE RN . AR TE RN, KT 2
AT R RN, FORMEE PR P,

1— BiVO,

2— 5RS-Si-iV0,-550 ‘C
3— 6RS-Si-iV0,-550 ‘C
4— 7TRS-Si-iV0,-550 ‘C
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Wavelength/nm

(b)

1— BiVO,

2— 5RS-Si-iV0,-550 C
3— 6RS-Si-iV0,-550 C
4— 7RS-Si-iVO,-550 C

—_—N W N

14 18 22 2.6 3.0
hvleV
6 AN[R]AFEATA FH )% PO 28 A — T IR IR it P

Fig. 6 UV-Vis absorption spectra of sample(a) and curves of
(ahv)*~hv(b)
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R Al KRB RS AT AEAH RINELEE ™ R R = Al 136
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A K REREFE RIS, il (R 35 24 AN [l R R 4
fa, X A DA G AR T SR X AT
AT — 2 B, ARSI i LUK SRS FE R ASAR ) 4
(R i 35 D S T KR IO IR G54 o MK A
FEAHE N 6 g I, FF i 6RS-Si-BiVO, X HIJERS (1)
Ji 0, 3 B B T SRS-Si-BiVO, fll 7RS-Si-BiVO, £ i
X FREERS IR e %, B DR MK R AT I s 5 A 1 (5
), ARRBBHTIRMAHOL 2, DR S/ E KRB AT R 1
BRI %, 3R BiVO, HTEKAA 3T R I e K F
FRghd, AREEHPKRBFIEIAER: KR
IR 2T o, FEfT Si S feid 2, MiiEm
TRES AL REPED Y R, BRI RN 6 go
FLUR,  DAKFERSFE R ASTAR i 2% A RE i A R AR /DN,
AA T AR A WL R I Aa b, 3xX 2 A
G RN, R AE AR A R, T MR A
W B R A ) TR b e i e g sl gkah, M
XRD. XPS 25 R rif il s T DUKFERS FF A T4 i 4% 1
FEst AT SivArde, BHEUR TH V', IS FE

1.0+
0.8F
0.6
<
S04t
02l  —* Ricestraw
) ——5RS-BiV0O,-550C
——6RS-BiV0O,-550 C
of  —7RS-BiVO,-550C

6 110 2l() 3b 4b 50
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7 ANEIKFEFHALE % R L 7 550 CRIIDEIEIE S

min Ji % PRSI [ i e

Fig. 7 Methyl orange solution degradation under visible light

illumination for 50 min in presence of prepared samples at

different RS amounts at 550 C
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AR TG =R A L2, R4 i b 7
PR,

Kl 8 [Ttz k) 6RS-BiVOy F1: it fEAN RIS o)
FRELRS PR %, 45 LSR . MMRBRIRE h 550 C R,
o) FHERE 11 22 B 2241 0 i 50 min J5 14 2] 93.94%,
B S AR BRI EE 2 500 Fl 600 “C A ot F LRSS ) 25
B, R IEAE TR R S SR R 45 B —
SETSE, 3 AR o g e AR TR S R 4L
k. DRI, BRI Ll 550 °C.

o
oo
T
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N
T
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0.2 _4—6RS-BiVO,-550 C
—4+—6RS-BiVO,-600 ‘C
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8 AR RE SR RT UL IR S min Jon ARG

1) B 2

Fig. 8 Methyl orange solution degradations under visible

light illumination for 50 min in presence of 6RS-BiVO,

calcined at different temperatures
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