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Effect of substrate surface defect on the microstructure and photocatalytic activities of

TiO,/Bi,WOg composites

LIU Yuan', FANG Guoli*, YAN Xianghui', SHEN Hongfang'
(1. School of Materials Science and Engineering, North Minzu University, Yinchuan 750021, China; 2. Carbon Based
Advanced Ceramics Material National Joint Engineering Research Center,
North Minzu University, Yinchuan 750021, China)

Abstract: TiO,/Bi,WOg heterojunction composite is one of the most promising visible-light derived photocatalysts.
Its photocatalytic performance mainly depends on the interface structure and micro-morphology. However, it is a
great challenge to control and tailor the micro-morphology and interface structure of TiO,/Bi,WOg¢ heterojunction.
Herein, TiO,/Bi,WOg heterojunction was synthesized by defect induced hetero-growth method. The influences of
the defect size and distribution density, located on TiO, nanobelts substrate, on the microstructure and photocata-
Iytic activity of the TiO,/Bi,WOg composites was further investigated. The results indicate that the corroding tem-
perature and retention time are the key to modify the defect size and distribution density on the substrates. The
defect size and distribution density are 26 nm and 12 per um® respectively, which facilitate to construct
TiO,/Bi,WOg heterojunction composites with well interface structure. With the as-prepared TiO,/Bi,WOg hetero-
junction as photocatalyst under visible light, rhodamine B (RhB) and methylene blue (MB) can be completely
photodegraded after irradiation for 12 min and 20 min respectively, and the degradation percentage of phenol also

is reached 43.8% after 70 min of irradiation.

Logii=R R

2022-05-06; f&E HEA: 2022-06-05; SRAHHEA: 2022-06-18 ; MEE A KHE: 2022-06-29 09:35:57

M4 & Hhdk: https://doi.org/10.13801/j.cnki.fhclxb.20220628.001

HE&TH:

EIEEE:
5| A=

TR AR X S TR R (F5) JEH (2019 BFG02018); 7Y & X R 5 H ; Jb 77 RS B A TR H ; J677 R =B
FEARIHIT H (YCX21110)

Ningxia Key R&D Program (2019 BFG2018); Science & Technology Project of Xixia District; High-Level Talents Program of North Minzu
University; Program of Graduate Innovation Research in North Minzu University (YCX21110)

P T, T2, 20, A S, BP0 07 16 AR A BRI R A MRS B0 S8 B-mail: fangguoli999@163.com

Xz, By RN, SV, 45, BRI R ERAXT TiO,/Bi,WO, A M RHMMZS ) HOGHEALMERERISZ IR (7). S5 B =4R, 2023, 40(5): 2783-2793.
LIU Yuan, FANG Guoli, YAN Xianghui, et al. Effect of substrate surface defect on the microstructure and photocatalytic activities of
TiO,/Bi,WO4 composites|[J]. Acta Materiae Compositae Sinica, 2023, 40(5): 2783-2793(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20220628.001
mailto:fangguoli999@163.com

£ 2784 -

EEMRER

Keywords: TiO,/Bi,WOg composite; defect inducing hetero-growth; heterojunction; defect distribution; pho-

tocalalytic activity

MET T AL UERE AR R L R, B 2k 1 B
BT e ) B okl L 2 RO R
REfE ok . = A A HLIS Y 9 B A S CO, NI
H,0 S AL/ 75, T 32 B )12 567 . TiO,
HFYH ., (bR Y, EARCRED, 0
AR BRE AR, AL S B e, AR
1M, TiO, 4 AL 5 (Eg=3.2€V), HEEFESSMLTF
ZU L IR, X R FHYE A R T 6%,
JEEOEAER T SRE SRR, LRI R;K,
T A R b i 24 T AR Y )3z 1

¥ Tio, 5 HAb WL SAEM B E S, Wik
NSRS, AT LA vt i i R, T
HAT RSB F . 25T, Mdedd
T2 R AP, A0 V,05-WO,/Tio,™
AgIngSy/TiO," | Ti0,/SnS," % & A effb ], 1y
FEEH I AL T ROR TiO, MYOE AL R . Hod,
TiO,/Bi,WOg 53 5145 & 4 A kL i T BEAT 25 44 DT e ),
A TR, O AT T D
B A AR 2 — o 0 Lopez % 1% 5% FH /K #4132
AT R Bi,WOG/TiO, 5 it 45 ¥, Tl 7E
20 min N i & J} B B(RhB) 5 4> f& fi# ; Yang %5 [
T AR A2 n “HOR7 TiO,/Bi,WOg 5
JR4E, R WO, HE A 3h Al LU P 3RS (MO)
FA R i SR 58 91%, 3 HH FE i (MB) 11 P i R 55 96%
Li 2507 1) £ () = 4k 45 ¥4 Bi,WOg/TiO, 57 Jit 2% 7€ n]
UL R B 25 min B, A] B R 78% AY 1R 2 DU PR K
(TC-HCI), MAMNIFFE & B, L TR 508 Al 5 i 235 44
J& 2 TiO,/Bi,WOg 5 it 45 & 4 #1 Bt i b 1 B
M) BT R . AT RN, 55 4 S R R
mREE R . W EAL AR R A AR R AR Y A AR
BOREE, a4 “FBy” SRS E A MR
T 55 245 M A7 T i B K AP AR . M ET, AR
TiO,/Bi,WOg 57 5t 4% 11 3 22 5% W& & R FH &8 M 1E
55— M IR R W A BENLTORL, (HE XA A A
KATE . R RS K B S AR ELA T 45 “H3T 7,

HR 3 B ) 2 BER HE B B F T H
BB, WIS YR, R TiO, J5 0k 2 1 Sk 4
J iR, T RLE AR A Bi,WOg 7 B I & ik
) 5 B A 8, DT BRAS B 45 A AL 25 A
T3k A7 B 0] 45 B TiO,/Bi,WO, 5 J5t 45 5 45 b K .
HJE, A K TiO, H A& £ 1wk fg RSF . % B2 Xt
TiO,/Bi,WOg 5 J5t 45 T3 UL T S50 A1 ' 44 £k Pk 6 14 52

Wi, ZEAAPA UL FFHGHE o AR SR FH I Ak 2 5
VRS TiO, 9 KA R B fG , #F— 28T T Tio,
FM BB RSF L 53 A0 % B X TiO,/Bi,WO4 & &
R T Al LT S5 R D' A A0 2 RE 1 2

1 XWMBEAE
1.1 HERHE

TiO, ZKH SR A il 45 - K 0.3 g FE il P34 kL
%k 25 nm B BLEKH AH B0 Bk R 4 41 A A AR
b 8K Fi2 B — 5 H GRS & Ak Bk P25 A
60 mL 10 mol-L™' NaOH A ¥ "', # J1 i +F 30 min,
BB A AR ; BEMEEEE
100 mL 3 DU 5L 2 05 N AT 1 R 85 9 ) g 48 rp, 7
200°C KIS 48 ho H 7K BN A5 2 Y 1 B DTTE
HEBEFKBREDE. ¥ O OTEYTE 1 mol L
HCL¥ W R 48 h, 15 3 H,TiOs Hr [FAH o > i
5 TiO, 3 JiC 2 1 BB 1 RSF F% B, O HLTiO,
rhiElAH (0.2 g) YI5)43 2 60 mL FififR (0.02 mol-L™)
W, B EREIR A U A 100 mL 3R U 3 29
AR F R, 7E 60~140C 7K BV ih— 52
BFE], 45 3] TiO, JE % Ay AT SKAAR o K i K44 76 5
J1rf 600°C Bibe 3h, 15 2 E & 3R BLE I TiO, 40
K B

P DA BURE B RS [F] B TiO, 49K 7 5
JEE B b R T AU 1 FT/R, TiO, 49 KA1 FL i FE dh
TiO,-2h. TiO,-4h. TiO,-6h. TiO,-8h. Ti0,-10h.
TiO,-12h., TiO,-14 h /9 4 & ok B 18] 43 51 S~ 2k,
4h, 6h. 8h, 10h. 12h I 14h, #JE M iE N
100°C. F£ fh Ti0,-60°C ., Ti0,-80°C . Ti0,-100°C .
Ti0,-120°C 1 Ti0,-140°C {) #% & foh I8 B 43 5] N
60°C. 80°C. 100°C. 120°C 1140°C, FJ& iah i} ]
J910he I EXTEG, BE S TiO,-0 ok 4ad A E
b, EHAEA A TiO, 44 KA o

TiO,/Bi,WOg 7 Ji 25 (1) il £« MY ) il g 175 5
G B TiO,/Bi, WO, 5 01 45 1) il 45 i B An &1 1 i 7 o
PL Bi(NO,)3-5H,0 0 b 5, 3 F & & 25 11 Bk (6 (1)
TiO, 4K J 3L, w5, AR 3 I 3% T e B
iRk A R TR N i e A N R A
N Bi,WOg 5 FUEZAA K ity , A A TiO,/Bi,WO,
SRR, BART RN #4025 mmol
Bi(NO,);-5H,0 7 AN %) 15 mL 228 7K, 5804
HAIEERSSME; A srET, M



s R R AT BB X TiO,/Bi,WOg B 45 B4 RHHOW 25 1 R ' i Al 1 BE 9 5% i

£ 2785 -

R1 FAEHREMEBGREMEE Tio, HIKHEERR L RER

Table 1 Specific surface area of the TiO, nanobelts substrates synthesized for different corroding time

and temperature
Sample Teor/ C Time/h Special surface area/(m>g™)  Resulted composites
Ti0,-0 — — 13.95 TiO,/Bi,WO4-0
TiO,-2h 100 2 14.68 TiO,/Bi,WO4-2 h
TiO,-4 h 100 4 15.78 TiO,/Bi,WO4-4 h
TiO,-6 h 100 6 18.71 TiO,/Bi,WO4-6 h
TiO,-8 h 100 8 21.64 TiO,/Bi,WQ0g-8 h
TiO,-10 h 100 10 22.18 TiO,/Bi,WQg-10 h
TiO,-12h 100 12 24.40 TiO,/Bi,WQg-12 h
TiO,-14 h 100 14 36.41 TiO,/Bi,WOg-14 h
TiO,-60°C 60 10 24.08 TiO,/Bi,WQ4-60°C
TiO,-80C 80 10 21.23 Ti0,/Bi,WO4-80°C
Ti0,-100°C 100 10 21.92 TiO,/Bi,WO04-100°C
Ti0,-120°C 120 10 22.96 Ti0,/Bi,W04-120°C
Ti0,-140°C 140 10 30.51 Ti0,/Bi,W04-140°C

Notes: T, and time—Corroding temperature and maintaining time during the synthesis of TiO, nanobelts substrates; Sample TiO,-10 h

and Ti0O,-100°C —Prepared using the same procedure, except the concentration of H,SO, solution has a small error between them.
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— —
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Ti0,/[Bi,0,(OH, )(NO,),.] and growth

B 1 BEEH AN Ti0,/Bi,WO, S 45 BT M 2 R
Fig.1 Schematic illustration for the formation of TiO,/Bi,WOgq

heterojunction synthesized by defect inducing hetero-growth method
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Fig.2 SEM images of the different TiO, nanobelt substrates synthesized with different corrosion time
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Fig.3 XRD patterns of different TiO,/Bi,WOg; composites
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Fig.4 ((a), (b)) SEM and TEM images of TiO,/Bi,WOg-2 h; SEM images of TiO,/Bi,WO¢-4 h (c) and TiO,/Bi,WOg-6 h (d); ((e), (f)) SEM and TEM images of
TiO,/Bi,WOg-10 h; (g) SEM image of TiO,/Bi,WOg-12 h; (h) SEM and TEM images of TiO,/Bi,WOg-14 h
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Fig.5 Photocatalytic activities of the different TiO,/Bi,WO4 composites
for the degradation of rhodamine B (RhB) under visible light irradiation:
(a) Evolution of RhB concentration over irradiation time;

(b) Corresponding first-order kinetic linear fitting curves for photo-
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Fig. 6 High resolution XPS spectra of Bi (a), W (b), Ti (c) and O (d) for different TiO,/Bi,WOq composites

B ot 2 1 R AR K, TiO, I A K T M ok R B2 Y
K, BRARE M RSP K, (HUZ, 526K Tio, %
TET P10 2 5 okt 52 97 i Ak BB 15 Jm) 38 i A e 28 2 5 A
K, WNEHSE . DIAE . A HERRAL B Ak 2 R Tl s 4R
AEHLA N A RE B AR . PG, 7F 60~100°C L&
o B, R O B R, BRI 3 T R o A
ERAM KBS \ER LT, ZEMER
BRI, BB AT % R SRR AR

DA [ 85 ot 9L B 4 B A THO, 99 2K AR Ol 2
%, 138 TiO,/Bi,WOs & & 1 B i 14 45 14
AT, W 8 TR o B RE S AT S 0E S 4 T
SN BT AH TiO, AL 5 AH Bi,WO," >, & HAlh
e W AR B, RIS, AN [R] TiO, 44 K A JE K il %%
(952 4 kKL XRD B3 0 B B 25 5, PR I L S
FMERBE R 4040 % B X Ti0,/Bi,WOs & & #1
BH SRR GERE . A S I N

SR, BB RSE R 4 A %5 B2 X TiO,/Bi,WOg

HEHEMBHR O SEA R RKEm, WK 9 PR
> L G 3R TR B 43 A1 25 BE AR L RS 43 A7 0 Rl A
KHF, £ S TiO,/Bi,W04-60°C 1 1Y) Bi,WO, HI 7%
1E TiO, F&JiE & i1 (81 9(a)), 1 H. Bi,WO4 f7-7£ — &
TR RE Y AT 5R o > 5 I 3R T 1% R B 43 A B I A,
B RSF 250 26 nm BF, Bi,WOg 44K A 7E TiO, %t
JB& 2 11 S B A K (181 9(b)), il HoH 5 30 min, TG
WAL, RS HERmESEA R, B 9c)h
Bi,WOg 7E TiO, & Jit & i 42 B A1 AR gk, 1 B
Bi,WOg #K i RO s/, i J& i T Ti0,-140°C
I 3R T R B O3 A % BE N34, AEAE JRy BB % B O3 AT
bR BT A

Sy it — 2 WY Rf R B OR ST RN A A R OB N
TiO,/Bi,WO, & & M BL S T 451 1y 52, & 10 43
Mr T TiO,/Bi,WOg-60°C .  TiO,/Bi,WOs-100°C Al
Ti0,/Bi,WOg-140°C ¥ fi (1) Bi Fl W 0 K 1 1= 50 HF
XPS [E i, o] LIFE i, TiO,/Bi,WO4-100°C #£ i 4H



2790 EAMHEER

(a) TiO,-60°C (b) Ti0,-80°C

200 nm 200 nm

(¢) Ti0,-120°C (d) Ti0,-140°C

24.9 nm

27.6 nnil ™

>
>
o
O
59

A
L

200 nm

200 nm

7 RIS AL BRI TiO, 94 FEICEE S 19 SEM &5

Fig.7 SEM images of TiO, nanobelt substrates prepared at different corroding temperature
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Fig.9 TEM images of TiO,/Bi,W04-60C (a), TiO,/Bi,W04-100C (b) and
TiO,/Bi,WO;-140°C (c) composites
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