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A bismuth-rich Bi,O;Br,/TiO, composites fibers photocatalyst enables dramatic

CO, reduction activity

LI Yuejun, CAO Tieping , SUN Dawei
(Baicheng Normal University, Research Centre of Nano-Photocatalyst, Baicheng 137000, China)

Abstract: Photocatalytic reduction technology of CO, can not only achieve energy saving and emission reduction,
but also alleviate energy shortage, which is in line with today's concept of green and sustainable development. By
employing electrospun TiO, nanofibers as substrate, bismuth-rich Bi,O;Br,/TiO, composite fibers were prepared
combining with in-situ hydrothermal reduction method. The composition, morphology and photoelectric proper-
ties were characterized by XRD, SEM, HRTEM, XPS, UV-Vis and carbon adsorption. The results show that the band
gap of Bi,O5Br,/TiO, composite fibers becomes width, there is obvious absorption in the visible light band, and the
reduction ability of photogenerated electrons is enhanced. Bi,O5;Br,/TiO, composite fibers can reduce CO, to CH,
and CO, while the enrichment of the metal Bi can not only improve the adsorption capacity of the catalyst for acidic
CO, molecules and enhance the conversion efficiency, but also change the photocatalytic reaction path and
generate alcohol products such as CH;OH. The CH,, CO and CH3;OH vyields of the optimized photocatalyst
Bi@Bi,OsBr,/TiO, composite fibers were 3.87, 1.06 and 0.32 umol-h™'.g”', respectively, after simulated sunlight
irradiation 3 h. This work provides new opportunities for exploring high-efficiency CO, photoreduction catalysts.
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FrA RN B ol . R IR g el (PVP,
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CyH30,Ti), W F L ifg Bl T A= AL B 52 A A BR
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FIH XRD %A AR TR AE . B 1(a)
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TiO, 1 Bi,O5Br, [ 45 fiF 1§, & WA &L & i Bi,OsBr,
F1 TiO, P A ) AHZH B o #F i Bi@Bi,O5Br,/TiO, B
T TiO, F1 Bi,O5Br, P4 ¥ AH 5 1iF W 51, 38 7 20K
27.2°, 37.1°F1 39.8°4b M%< 2| )& T 42 J& Bi MY AR AEATT
% (JCPDS No. 85-1329), 2 Wi E 5+ A 4 )8 Bi
WA A Rk XRD(A 1(b)) Mg & L, T
20/ 25.5°4b , ¥ i Bi,O-Br,/TiO,. Bi@BiOsBr,/
TiO, il TiO, Ay F W {7 # 58 2 4H[R], 3R W] Bi,O5Br,
1952 A X TiO, 85 M1 A %2 o FE i Bi@BiOsBry/
TiO,, 7E 260 4 27.2°4b Bi A7 55 W 375 b vl WL, iE
A 48 Bi 4 K . FE & Bi,OsBr,. BiOsBr,/TiO,
Ml Bi@Bi,O5Br,/TiO, 7E 20 4 29.6°F1 29.7°4b
Bi,O5Br, 14 P4 A~ AH 408 0 [R] B 8 4 ) o >k, R B AE
3 FE S A4 B A SRR AH Bi,OsBr, 4147
2.2 WMEHRMEN

& 2 g AN 6] KE 5 4 SEM 8] 4l Bi@Bi,OsBr,/
TiO, /) HRTEM &% . 1 &l 2(a) AT WL, TiO, & £F

(@)
Bi@Bi,0;Br,/TiO,

M Bi,0,Br,/TiO,
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Intensity
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T |
o \ TiO,
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b
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Fig.1 XRD patterns (a) and the expanded view of XRD patterns (b) of
TiO,, Bi,O5Br,, Bi,O5Br,/TiO, and Bi@Bi,O5Br,/TiO, samples
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FITiO, (1 (311) F1 (101) A ifT,  Fh b i — 20 B AR
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2.3 tEREFRH CO, W B

e HU 3R TR R A AL AR 2 R R e A A R
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500 nm

V& LT, KA D RMILFELE; 1 p/p=0.45 it
B, MBBME SRS, B HAAEEH; Y
p/po>0.85 ), MR EBET:, ULHIAK KA, &3
I B B — DR R S oA A LA TE LR RN
TE 14~25nm Z [A], B LR T BIFLEEF (dVv/dD)
BEW# 1, 5 Tio, Mk, Bi,OsBr,. Bi,OsBr,/TiO,
F1 Bi@Bi,O5Br,/TiO, 1Y L R 1 FX (Spgr) FFLAFLH
WK, KA AT CO, MW 58 .

500 nm
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2 FfEh TiO, (a) . BiyOsBr, (b). BiyO5Bry/TiO, (c) . Bi@Bi,O5Br,/TiO, (d) [ SEM El{4# Bi@Bi,05Br,/TiO, ((e), (f) iy HRTEM [l{%

Fig.2 SEM images of samples TiO, (a), Bi,O5Br, (b), Bi,O5Br,/TiO, (c), Bi@Bi,O5Br,/TiO, (d) and HRTEM images of Bi@Bi,O;Br,/TiO, ((e), (f))
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Fig.3 N, adsorption-desorption isotherms and pore-size of

different samples
4 0 AN [R] BE X CO, W BERE i 26 .
P 4(a) FT UL, TEARSM R ARAF T, TiO, MW R fE 1

5%, 5 Bi,OsBr, & &5, ¥ Bi,OsBr,/TiO, Y
W BT AE 7 VBRI, 3X 32 % JE B T BiyOsBr, 44K
A EARICKRIRAMEZ LN, gegdtfts 2R
T 3% P 07 25 . T RE S Bi@Bi,O4Br,/TiO, W it E 7
AT BEAIG, VR T 2k 4 Bi AR S Y L3R T AR &
LS. FLARW/N IS . SR CO, Tt It BRI 32X A
9% T 42 )& Bi 18 Bi,O5Br,/TiO, X CO, FM FPERE
[ 4(b) N Bi,O5Br,/TiO, il Bi@Bi,O5Br,/TiO, £ i
®1 FAEHGHLERER, LRFMALERN

Table 1 Specific surface area, pore size, pore volume size of

different samples
Specific Total pore
Average pore
Sample surface area/ .. volume/
P diameter/nm 2 1
(m*g™) (cm®g™)
TiO, 30 14.6 0.15
Bi,O5Br, 128 20.4 0.24
Bi,O5Br,/Ti0, 144 24.9 0.26
Bi@Bi, O5Br,/Ti0, 132 21.6 0.25
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Fig.4 CO, adsorption isotherms (a) and temperature programmed

desorption spectrum of CO, (b) for the different samples
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K 5% ¥ & Bi@Bi,O5Br,/TiO, I XPS & % .
H XPS 1) 4§ (& 5(a)) 7 WL, #% &/ Bi. Br. O
M TixX 4 FoC R AL, [ 5(b)~5(e) M Ti2p. Biaf,
Br3d 1 Ols [¥) &5 4% ¢ XPS fig it . 4 BL7E 458.3 eV
1 464.1 eV {F 3T (14 P A~ AR X RO HL P, 4508
J& T Ti2ps,, il Ti2p1/2(17§] 5(b)), F W TifEFE M h
FEL T BHEAAER, B 5B T Biaf i E
I3 P XPS R . 28 3 WL A A5 B P L AN [R] Y O
T0g, FW Bi 7EFE S T LA RS 6] 2 25 77 7 22,

SHTIAH 32 HL SRR A O R Br 52, BB i AH X
ORI — 406 HL T 1% 158.8 eV Fll 164.1eV, 18
F Bi,OsBr, 1 & 1k Z Bi* B T 1 Biaf,, Fil Biafy,;
117 B8 5 B/ 1) — 416 HL 71§ 159.5 eV Al 165.0 eV,
M= & F 45 )8 Bi fY) Biaf,, Ml Biaf,,™, X 5 XRD
Al HRTEM RIEL5 RAHW & o 7EE 5(d) T, 456
fE i 68.2eV I 69.1 eV 4b 1y W A~ 05, 43 ] XF
Br3ds,, fIBr3ds,, #W Br FERES -1 AR,
Kl 5(e) 45t T O1s 1Y = 43 B XPS fig i, &G 1%
FI| 1% 5 A4~ 6 L - 1§ 529.7 eV Hl 531.8 eV 43 5 H )&
T s AN R R P
2.5 MM

K FH 28 41 -0T WL T (UV-Vis) 63 %o RE b il 1%
AT FRAE . #1114 6(a) AT WL, TiO, il Bi,O5Br,
PRI W8T 521 49 S AS2 T 387.3 nm 1 523.8 nm &b, HkE
i TiO, A1 kb, Bi,O:Br, & & f5, BiOgBr,/TiO, Fl
Bi@Bi,0;Br,/TiO, [ W Wi i1 43 Jill 21 #% %] 484.6 nm
15911 nm &b . %5 4b, Bi@Bi,O5Br,/TiO, 7E 1 UL
JEIX R BRI, X 4R Bi 44K AL
T LSPR &1 51 A2 92028, [ 6(b) S A IRl R i 11
J6EUKR G (PL) JLi% . TiO, A BiyO5Br, Y 1% 14 24 4%
i, RPWPASHNCERTFERESES, A
TR ELA., MEREAE, Hi
Bi,O5Br,/TiO, Y i1 W 5 & B & [ A, X 2 T
Bi,O;Br, 1 TiO, 7£ F 1 AL B W S5 i 4, St/ +
Fzs AT DLAE S B 4 AL A A B #e, e8 TO
Az B T B AR AR, BRI T O AR HL R A O]
B & 4 JL#E . Bi@BiO5Br,/TiO, Y 4 1t — 4 %
fi%, & T4J8 Bi 9Kk T B A R 40 B AL
feJ1, "ILRE IR AL TR, TR
3 525 B . 8 6(c) S A [RRE S B B s
FL O - BF 1) Bl £ . 5 PL R AE 45 SR AH L, Tio, Al
Bi,O5Br, 1)/ HL I 538 J&E AR X B/, e B T 7= A 1)
A B . B A M & Bi,OsBr,/TiO,
Bi@Bi,05Br,/TiO, A ' ML 3t vk BE L 38 i, Hopr
Bi@Bi,O5Br,/TiO, [ & HL i ok & i K, & 3
0.49mA. #W Bi,O;Br, ME & K48 Bi W& %1
A DABE G B -2 O A B AR, PR 2Ok
AT, RS TR RGP

[ 6(d) A Bi,OsBr,y/TiO, Fl Bi@Bi,O5Br,/TiO,
B 1% 25 9 ' %2 Uk 77 i il 4k . Bi@Bi,O5Br,/TiO,
AR IR E, @A B 1 (. 73) F
XER I 7 HE Ay (Ay Ag) 15 H AR SF 2585 75 i



6256 EAMHER

“ o = 164.4
—
oE
2 2 2
2 2 2
Q Q Q
= = =
= s - 464.1 -
<
m
1200 1000 800 600 400 200 O 470 465 460 455 170 165 160 155
Binding energy/eV Binding energy/eV Binding energy/eV
(d) Br3d (e) Ols
68.2 529.7
69.1
z2 z2
7] 7]
= £
Q Q
= =
74 72 70 68 66 64 535 530 525
Binding energy/eV Binding energy/eV
F€l5 Ffih Bi@Bi,O5Br,/TiO, 19 XPS &3l : (a) 421l (b) Tizp; (c) Bi4f; (d)Br3d; (e)Ols
Fig.5 XPS spectra of the Bi@Bi,O5Br,/TiO, sample: (a) Full spectrum; (b) Ti2p; (c) Bi4f; (d) Br3d; (e) Ols
~ 0.7
12 (@ (b) & (©) Bi@Bi,0,Br, TiO,
e E 06t Bi,0Br,/TiO,
~ 1.0 . Bi,OsBr,
3 Ti0, é 05 TiO,
< (.8 Bi@Bi,0sBr,/TiO, = Bi,OsBr, E
= Bi,0:Br, = Bi.0sBr/TiO, < 04
£ 06 Bi,0:Br,/TiO, g Bi@Bi,0Br/TiO: 2
z v 2 £ 03
2 L = 5
Z 0.4 Z 02
0.2 ¢ g o1
£ 0
0k . . . O
300 400 500 600 700 800 350 400 450 500 550 600 0 100 200 300 400 500
Wavelength/nm Wavelength/nm Irradiation time/s
14
(d) (e

Sample n A% T A% v A%
BLOBr/TIO: 028 1871 123 46.83 597 34.46
Bi@BiOBr/TiO: 031 1613 1.35 4640 627 37.14

Intensity

Bi@Bi,05Br,/TiO,
/Biao_;Br:/TiOz

1/C?10° F?

510 20 30 40 50 60 -06 04 -02 0 02 04

Decay time/ns Potential versuc/V

7—Fitting life; A—Corresponding proportion; C—Capacitance
K6 EEdh TiO,. BiyOzBr,. BiOsBr,/TiO, Fll Bi@BiO5Br,/TiO,: (a) 254h-TT Wi R 4F; (b) Y68 kt; (o) BEEHOtH; (d) BiyOsBr,/TiO, Fil
Bi@Bi,05Br,/TiO, MIRZSHOLRIN F s (e) TiO, F BiyOsBr, USRI & 4RIk 2k

Fig.6 TiO,, Bi;O5Br,, Bi,OsBr,/TiO, and Bi@Bi,OsBr,/TiO, samples: (a) UV-Vis DRS; (b) PL spectra; (c) Transient photocurrent responses;
(d) Transient fluorescence decay lifetime of Bi,O5Br,/TiO, and Bi@Bi,O5Br,/TiO, samples; (e) Mott-Schottky curves of TiO, and Bi,O;Br, samples

4 13.05ns, X &Ik % Bi@Bi,OsBr,/TiO, HA T K “}y TiO, Al Bi,O5Br, i) Mott-Schottky [ . i i 4%
1 F A, AT DA RO S O P Ak BRAS B 2 AR AT RE 1/CP(C Sl HL 28) il HL 391
REfE o fb N & AR R ZHL 2. Kl e(e) &R, X T Ag/AgClHL#) , TiO, #l Bi,O5Br, 1Y



PR 5 . F Bi B BiyOsBry/TiO, B A £ 4k B i 506 AL CO, i R

£ 6257 -

S H AL WA T -0.55 eV F1-0.23 eV, 1E H AY
SRR AT 04 B AR A P B TT AR R 5 4 O
Ak CO, IR R BEE | R AT 1 il
2.6 Yt{E CO,ERERE

L 300 W ik WAL B G IR , XHARE i A1k
CO, IJFHERESA TPFN . 18] 7(a) ABHUK I 3 h,
TiO,. Bi,OsBr,. Bi,OsBr,/TiO, l Bi@Bi,O5Br,/TiO,
JEAEAL CO, i 5™ M) Be A= i % .t EIAT UL, TiO,
f3A 5= R AT CH,, ZEAG#E N 1.32 umol-h g™
Bi,O4Br, 1 it J5 7= ¥ 4 CH, il CO, # F 4 5 K
1.96 pmolh™.g #1 1.04 pmol-h™.g”'. & & ¥ i
Bi,O5Br,/TiO, A LI B, CO Ay 2 R A 34 i,
4 1.06 pmol-h™.g™, T CH, [y H % &1 8% i
2.56 pmol-h™.g™, FHI TS I Bl T2 =0
11k CO, iR R IG 1 . 24 L Bi@BiO5Br,/TiO, A f#
IR, CO MERMFFAZE, I35 1.06umol-h™-g ™,
HJ2& CH, MY 3 % i1 3 3% i %) 3.87 pmolh g™, [Al
BF A 7= 4 v KG I 3) CHLOH A 4y, He A ik o
0.32 pmol-h™.g™, 5 T 18 2 H A 1L 70 4 REAH LE
CO, i J5 7 1y 1) HE 8 3 42 3 ol o TR LS 30 5%
T Z8OCHRHGE AR, B L3k 2,
S9G R W] 4 8 Bi & AT USRS RE S A AL
WP, EA] DL R B B AR, A RS )
& 7(b) A k£ 5 Bi@Bi,O5Br,/TiO, Jt: M 1k CO, if J5
T 0 A i B R A5 A 2 B 3 O RS [] 4E
£, CH,. CO il CH;OH 19 A= i & ¥4 & ¥ 34 i,
F ] CO, WA Ak A i S N 2 % 21 1), CHZOH £
R Z AT b A

=~ 41 (@ X
=
o0 X: CH,
g3 Y: CO
= Z: CH,OH X
2
oy
3 2 ¢
=
o
5 X
k) i Y Y Y
=
2
g Z
<

0

o [
S Ozb(", . &&m
%\b- .@%\u
Q)\

16 F ) X
B
S X: CH,
\EL 2 y.co s
2 Z: CH,0H
g ,
B
z 8 X
]
5
G
=}
S 4t
=]
=
<

0

Irradiation time/h
7 #dh TiO,. BiyOsBr,. Bi,O5Br,/TiO, Al Bi@Bi,05Br,/TiO, Yiftifk
CO, itJ5 3h J5 CH,. CO Hl CH;OH A4 2K (a) Kokt
Bi@Bi,05Br,/TiO, Y AL =1y i) AE i i st ()25 1k, (b)

Fig.7 Yields of CH,, CO and CH3;0H for photocatalytic CO, reduction
over TiO,, Bi,O5Br,, Bi,O5Br,/TiO, and Bi@Bi,O5Br,/TiO, samples after
3 hours irradiation (a) and time course of the products in the

photocatalytic conversion of CO, over Bi@Bi,O5Br,/TiO, sample (b)

K2 CO, EENREMERER LS

Table2 Comparison of products generation rate for CO, photocatalytic reduction

TTumination Reaction Yield/
Photocatalyst period/h condition Product (umol-g-h™) Reference
s 300 W Xe lamp
Pt/D-Ti0, 5 120°C, water CH, 0.34 [29]
. Visible light
Fe-TiO, 12 (1>400 nm) CH, 7.73 30]
- 300 W Xe lamp CO 5.20
Ti0,-G 5 NaHCO4+H,S0, CH, 26.70 31]
. 300 W Xe lamp CH, 4.08
Fe/Ti0,/rGO 5 (15420 nm) 0, 432 32]
Bi,Al,0y/B-Bi,05 10 %OZ%W Xelamp co 13.50 [33]
s 300 W high pressure (0] 3.16
Bi/Bi,O5Br, 2 Xenon lamp CH, 0.50 [18]
g-C3N,/a-Fe,04 300 W Xenon lamp CH3;0H 5.63 (34]
CO 0.71
. . 300 W Xe lamp CH, 2.20
TiO,/Ni(OH), 3 40 mW-cm CH,OH 0.58 (8]
CH,CH,0H 0.37

Notes: D—Diameter; G—Graphene; rGO—Reduced graphene oxide; 1—Wavelength.
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