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Synthesis and properties of the BiVO, based composite photocatalysts
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Abstract: Binary BiOCl/BiVO, and ternary BiOCI/BiVO,/diatomite photocatalysts were in situ pre-
pared by liquid phase precipitation using bismuth nitrate, ammonium metadadate, potassium chloride
and diatomite as raw materials, and the phase structure and photocatalytic properties of the composites
were characterized. The results show that BiIOCI/BiVO, consists of monoclinic BiVO, and BiOCI, and
BiOCI1/BiVO,/diatomite consists of monoclinic BiVO,, BiOCI and SiO,. The increase of the calcination
temperature can promote the conversion of BiVO, into BiOCIl. Compared with BiVO,, the photodegrad-
ation efficiencies of the composites are enhanced significantly, and the optimum calcination temperat-
ure is 450 °C. The photodegradation efficiencies of BiOCI/BiVO, at 1.5 h and BiOCl/BiVO,/diatomite
at 2.5 h are 99.05% and 100%, which is 3.05 and 2.68 times that of the BiVO, under the same condi-
tions, respectively, indicating that the introduction of BiOCI or BiOCl/diatomite into BiVO, can effect-
ively improve the photocatalytic activity. The enhanced photocatalytic activity of the composites can be
ascribed to the p-n heterojunction formed between BiOCl and BiVO, and the special layered structure of
BiOCl, which improve the adsorption performance for rhodamine B, effectively inhibit the electron-hole
pairs recombination, and accelerate the separation and transfer of charge carriers, leading to potential
application prospects in the environmental purification.

Key words: BiVO,, BiOCl, diatomite, composite photocatalytic, liquid phase precipitation, degradation
rate
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BiOCI AL IR
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(2=0.150 56 nm) ; AR ARG EE SR 2R S0 AT UL 435k
YeREEH(TU-1810) HEA TR,

1.3 MR Gt R

FHEAR ) A IR R AN S A Ak 1 RE SR P FHEH B
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eI XRD Kl . 2 S5hadER B ELXS a1, s—
BiVO, #£ 543 IAE 18.64°, 19.02°, 28.61°, 28.98°,
30.60°, 34.58°, 35.21°% b tH 8L T HL8 BiVO, FRIE
U, 31X % B B & B B — BivVO, M HLRHHE BivO,,
—JC BiOCVBiVO4 F£ 5 B T 76 LA I ff B2 H B Pt
HH BiVO, 1Y #F fiF 1§ LI Ab, 36 78 12.04°, 24.12°,
25.87°, 32.47°, 33.47°, 36.58°, 40.94°%4b i P T
BiOCI B FRRAFAT 06, Ui B BT A 0% T 4l 3 4 i 1)
—JT BiOCUBiVO, B &##H, HHA# BivOo, N H.
RHH

« il BiVO, v BiOCI
, v 500 C BiOCI/BIVO,

w
M

Rl BiVO, 14-0688

| | BiOCI 06-0249
| P R | Y NP Y O T P TP A YT

10 20 30 40 50 60 70 80 90
20/(°)

B 1 FREREERET &K BIOCUBIVO, £ & # AR
B — BiVO,. BiOCI # &) XRD i
Fig.1 XRD spectra of the BiVO,/BiOCIl composites at dif-
ferent calcination temperatures and single BiVO,
and BiOCl samples

X A BRI BE R BiOCUBIVO, R f 1Y i
SR RT DU W, BB bS IR 1 $E T, B A MR
BiOCI HHRAF 06 i 3 52 B0 B 7 b TH i #a3, i e
P BIOCH A& B BTt X A T = R g
e Bivo, ¥51k A BiOCl.

€ 2 Jy 400, 450, 500 °C JBBEIEE Nl 0=
JG BiOCIBiVO /L + 5 58 B K B — BivO,.
BiOCI. fikiE +FE 59 XRD B, 2 53R H 1L
XA 41, =78 BIOCUBIVO,/FE#: T FEM G T B A B

LA BiVO, L & BiOCI AR5 AF AT 5 1 22 A1, 87
26.62°40 1 BL T Si0, HYFFAFIE, IX B & 8 1
ali B 4 2 1 = JC BIOCI/BIVO/ME s+ & &4k, H.
Hrb i) BivO, MEARHH, T2 G R s 11
T EBAR(EE EAUN 20%), PRI AEEE + A9 4RRE 06
WHAMTS . 5 I BIOCUBIVO, &R, K
JBei P T, —JoE A4k BiOCI ) &t 2
P BT, ST =00 E AR R IR
RERZME(E BiVO, 1k A BiOCl,

« 5143 BiVO, v BiOCI
+ 500 °C BiOCI/BiVO,/f:# +

o ¥y Y

450 °C BiOCU/BiVO,/fi:3 1+
400 °C BiOCI/BiVO, /it 1
it 450 °C BiVO,
| A
| 450 °C BiOCl

) 1 450 °C hEwE

| | %) BiVO, 14-0688
1 Ll [ I IO TN TR B BT bl

| | BiOCI 06-0249
| PR T | P NP A ST I YRS WY T O TR ST o
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2 AEMEREEERE T H &5 BiOCUBIVO/AE R L E &4
AR 8 — BiVO,, BiOCI. FEE 1 #9 XRD i
Fig.2 XRD spectra of the BiOCI/BiVO,/diatomite com-
posites at different calcination temperatures and
single BiVO,, BiOCIl and diatomite samples
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Wik A 3 R 52 B K S T e S B IR i 3, A T
h 450 °C BHPERERAE.

X F B — BiVO,, AN AYEREIRE T BFE 5 X 27
FHI B AR B R B, R 15.84% ~ 19.00%, Ot
AL 3 h 5 R AR SR A A 28.43% ~ 38.11%,
S AR PR BE MR 2 . X T L JC BiOCIBiVO,,
400 °C Fl1 450 °C T FAFE b LW SR 3R HER, 43 5]
M 47.39% 1 43.81%, T 500 °C. T FE A H
A 21.87%; 400 °C 1 450 °C FHIFESECHE 1.5 h %)
PP B B RE RS BRI IR 97.15% 1 99.05%, 2 h
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1M 500 °C T PIRE SR N 232 R 22.42%; FEGIRTT,
400 °C F1 450 C & BYFE A 2.5 h B R AR 00 0 o0
98.89% #1 100%, 1M 500 °C T BYFES 3 h (I FERR
HA 87.60%.

40 —=—400 °C BiVO,
—e—450 °C BiVO,
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30
&
& 20}
¥
10}
0 I I I I I I I
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[i5F[&] /min
B3 AEBEEETH &N BiVO, X 5 Fi8 B HIFEER

R E Y 2L
Fig.3 The removal efficiencies of BiVO, at different cal-
cination temperatures for rhodamine B over time
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—e—450 °C BiOCI/BiVO,
| ——500 °C BiOCI/BiVO,

120
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40t

20+
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Fis} [ /min
B4 FREMELERE T &1 BIOCYBIVO, X B8 B i
P fRZFERT AL
Fig. 4 The removal efficiencies of BIOCI/BiVO, at different
calcination temperatures for rhodamine B over time
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XRD ZMAfr 48 S T, JBail B 255 i 2 0 =%

BAE MR BIOCI & i, HEEr 2/ HiEm
AR BRI PERE . — o0 A MR BFHE:
A REE T —=oc AP0k, Ui Ak B 15
AFFBAT WE— R T — U E SRR B, Xt
WERH T 2 G AR 2 2%k, R, T —JcE Gk
HRE BE 7 20%, A i fE /R 9 BiOCT #
BiVO, A& #5265 It 7T BiOCI/BiVO, F#IX
T, FIEHO TR A T R

120

100 -

—=—400 °C BiOCI/BiVO,/f:% +
20+ —e—450 °C BiOCI/BiVO,/fiE#: +
—a—3500 °C BiOCUBiVO,/fif:# +

=30 0 30 60 90 120 150 180
A (] /min

B 5 TREBERETH &8 BIOCUBIVO/MEE T X5 3
A B HYPEAAE R BERT B Y 1L
Fig. 5 The removal efficiencies of BiOCl/BiVO,/diatomite
at different calcination temperatures for rhodam-
ine B over time

222 B B WRESAOED G LT RE R S A

L) 450 °C fBebeif R il4 1 =T BiOCI/BiVO,.
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FEA RS 5245 X T 15 mg/L B FH B VW, OGIR
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B B IR EA RS 0GR BE

XF = ok R, wniE 7 s, HXF S mg/L B
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5t 4 AT 15 mg/L UL 2 PHH B W, 6%



- 76 - N

2024 455 45 5

fift R UA s R R . X =0 BiOCUBiVO,/fik i +
EAFRIATT 5~ 10 mg/L 192 P B IF WA
SRR ERE .

160

450 °C BiOCI/BiVO,
140 | —=—5 mg/L
—e—10 mg/L

120  ——15 mg/L
—v—20 mg/L

100 |
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REAF 3%
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40t
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Fig. 6 The removal efficiencies of BIOCI/BiVO, for rhod-
amine B with different concentrations over time
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o 80 L
E;i
¥ 60}
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Fig. 7 The removal efficiencies of BiOCI/BiVO,/diatomite
for rhodamine B with different concentrations over
time
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XTIk, Qe 8 B, AT 0.10 g i
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A3k 63.08% e BT RA BY TR THOCHEALACR,

XFF0.25 g LT, 1 h BI ] 5g 4[5 fi %P1 B; i
AR 0.15 g F1 0.20 g B, LW FfHE FG AL
PERESEIT, YR S0 90 min L P A i ¢ 45 i
B M 0.10 g I, 3 h X2 P B 1Y FE it R fig
555 97.85%, X}F —JT BiOCIBiVO, & 51K,
AR AR SN 0.15~0.25 g
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—=—0.10g

120 —o—0.15¢

——020g

100r o 025¢

80
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930 0 3.0 6.0 9b liO 150 léO
5] /min
E 8 AR AER T BiOCIBIVO, &7 5 8 B i)
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Fig. 8 The removal efficiencies of the different dosages of
BiOCI/BiVO, samples for rhodamine B over time
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5] /min
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Fig. 9 The removal efficiencies of the different dosages of
BiOCl/BiVO,/diatomite samples for rhodamine B
over time
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J TR E A MEDEREILRE Y FHH B 1R
o7 AL L B R I sz 7 ot R v 1 2 B P b, DA
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BiOCI/BiVO,/iE#EH R A EWER L], L) 10 mg/L
(P B I RAE R BLHLTS Yed, o R = 2
Jie . SENEEFN L-BUR AR YE A b, -OH #1-0, (4
FEH), RIS AN 10, 11 B, g 3l s,
W I RRA & =TT R, M A LR
RN ST NS, XTRE i B SERE i SCR LT 5
i), FEA 525 [ —2, UL -0, F1-OH ANIE 62 11
B B SN BTG IRl . TN = R 5, Bk
filt R G FRMZEA K, 29 5% £o47, WAL %A
e, B hO2IERS P B RV ISR
= LR T RR AR W, DA ARG A AL S
MELAIEA T, 3X 5 2 ATRGE 25 SR AR — 2

120

450 °C BiOCI/BiVO,
100 o[ iR AR
—A— S

40 |
20 +
0 I I I I I I I
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[ [a] /min
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IR
Fig. 10 The free radical capture experimental results of
BiOCl/BiVO, for rhodamine B

J T HE— RS BIOCH 76K 52 B b i AR
H, LA BiOCIYE AL, FEFIFE SR TP T H
M SRR, 25 RN 1 s . hgs R nTa, 7e2s
FHIR S, BIOCL X 27 1 B4 W B PERR 5, 15 52
IV 30 min Xt % FHEA B (I FF R AT 3K 99%, 15
PEART T B2 PR B B bl A R R s
AkEEIR 30 min, BTS2 REAEZ FHI B, Ml
FEFNFREOIK S £, 5688 BiOCT 75 ] DGR T fefg
FEfd 2 P Bo S¥EWCT A LUK i iR Fn 5 8
BRI, HEE RS — oM =Ju 2 SR —FE, 6
R R LT RS2 o TN = CRERE IR, 5 SR
W 2 BESR R FEZ 22.76%, B = ZBEREI S| A2s
% I8 BIiOCI %F &' 7+ B B 4 W Fff M o ' 1R i i

60 min X} 27 P+ B A fix K 25 BR A3 I B AR LA —
2, WL JOLEAE R, W BiOCI LR % FH
B B Wi B B IE E MO b HIE W T
BiOCI HIREBREL 5L, A B A REMI T WL, Hox %
FRUT B AR T e T YORHEL O B 2 R

120
450 °C BiOCI/BiVO,/fif:#: +
—=—75
100 - —e— L-HidR IR
&
Jﬁg 60 |
¥
40t
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5 8] /min
11 =5t BiOCVBiVO/fEE T EAFIXT T A B B H

Fig. 11 The free radical capture experimental results of
BiOCl/BiVO, /diatomite for rhodamine B

R 1 BiOCI ELFIXZ A B i B B EMRILE LR
Table 1 The free radical capture experimental results of
the BiOCl catalyst for rhodamine B

) REA 2R/ %
EiE Sl —
5 5 30 min Y:HR 30 min YEHE 60 min
Z=H 99.00 100
L-Brdfii g 99.72 100
SENEE 99.67 100
= LR 22.76 23.74 25.85

T UL B SR, EA MRS P B 1
PEACALIE T BE . 78 0] WG RS R, BiOCL X nf ol
JCE R, 1 BiVO, Mg A&, HA s E i o BRAE
FFA47 L, fEN A LR ", BT BiVo, 5
BiOCI Z [A]JE i p-n 57 5 45 i 3K ) /E H, BiOCl
M F TR 3] BiVO, I, BIKTE BiOCI
I EIE RS 7, T BiVO, ™A= i tA:
LS R 8000 8, T B BiOCL A5k i R AR 45
PR AP AL 0 2 AR R AR, T
P B AL/ N+ 5404 Bivo, AL, oAl
=IUE A M RDEAE A RE R T T A T BiOCl 5
BiVO, Z[AJE Y p-n 5545 L K BiOCl ##3K Y2
ARG, HAZTE T AR B RE, A2l 7 -
25O B A, IR T 2RI 70 5 AL A
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