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Preparation of In,0;/BiOBr composite photocatalyst

and its performance for photocatalytic CO, reduction

HE Xingli, LI Chen, SU Tongming

(School of Chemistry and Chemical Engineering, Guangxi University, Nanning 543004, China)

Abstract xIn,O,/BiOBr S-scheme heterojunction (x % is the mass fraction of In, O, to BiOBr) composite
photocatalysts were successfully prepared by a water bath impregnation method. The morphology, struc-
ture, specific surface area, light absorption property, the separation and transfer efficiency of photogener-
ated carriers of catalysts were studied. The results showed that In, O, and BiOBr were tightly bound, and
In, O, was uniformly dispersed on BiOBr nanoflowers. The xIn,O,/BiOBr composite photocatalyst exhibi-
ted stronger absorption of visible light, and the addition of In,O; improved the separation efficiency of the
photogenerated carrier on BiOBr. The photocatalytic CO, reduction reaction over xIn, O, /BiOBr was stud-
ied under visible light irradiation. When the In, O, loading mass percentage was 5%, 5In, O;/BiOBr exhib-
ited the best performance for photocatalytic CO, reduction, and the CO production reached 16. 12 pmol/g
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after reaction for 4 h, which was 1. 68 times that of BiOBr.

Keywords photocatalysis; carbon dioxide; BiOBr; In, O,
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1.2 HEAERI 75
1.2.1 BiOBr 894 & . W A:7E 40 mL ZEFKHMMA 2. 42 g Bi(NO,), * 5H,O fl 200 mg PVP, 7E =%
T FHEFE 1 h, W B 7E 40 mL ZBF/KHIMA 0. 59 ¢ KBro ZEZE R FHEFE 1 he BES TR B #2510
WA TR EE S 2 mol/L B NaOH SWCRHE G WY pH EHIRF] 6, ARZAEs i FaRZehidt 1 h 5 6
IR 3 200 mL N A A 2 DU 9L 2045 1 = R R 28 R, 7E 160 °C R ARFF 12 he fRRHIEE )G, 7F
8 000 r/min FFHRE T /KE LU 5 UK B ORI H RS B T B 2 THAE 76 60 CF T4 12 h,
1.2.2 In,O; #94)%&, HL2.93 g InCl, « 4H,O F11. 87 g C,H; NS i T 60 mL £ FEMEE T/KIRS
W (L BB B KRR R 1 5) EER FHFE 1 h, BERIR A BRI ] 100 mL AR
VUGR M i e R R W 48 v L 78 150 °C M ARHF 12 h, ARG 0K OB O UER 4 KB E 0153
PIRESHAE 80 ‘CF 1M 12 he #4504 TR AT B T 53R, L5 *C/min FHEE 600 C {4 3 h, fF
FESH ZZIR)G 2R E] In, O,
1.2.3 2In,O;/BiOBr 8941 & (2 = 1.3.5.7;2 %K In, Oy  BiOBr A i 4340 . B— & f2 il 45 45 10
In, Oy ZETE 40 mL 28 F /KR IR 4380 30 min. SRS MA 0. 20 g #ill & 419 BiOBr. 7£ 60 “C /K FHE T
Pk 8 h, RS B TOKHIEBE IS 75 60 C FEZS T4 12 h 483 21n, O, /BiOBr £ & 41K,
1.3 HHERIRAE

J T A AR SE R 7R AT 5T A24A10 R X BFRATHMY (XRD, 78 [ A7 & 508 7)) F 3545 XRD
T H A AR STIEY Cu Ko FFEHEEE S 10 /min, FIH TENSOR [ Bz i AR 20 AN REA (FT-IR ,
FEIf e A w D SRS FT-IR S6i% . /i b 5 i R mi L . SR A Gemini 300 ¥4 fi 7 & i 5%
(SEM, 1 [ 22 7] /5 7)) WAL IE S . SR JTEM-F200 7% 5 i 7 583055 (TEM, B 28 i 7Rk 2 k) %
FEAL B TOUIE AL | e (EDS) Flis # OB B 4344 3% 5 (HAADF-STEMD #4770 4r . #E36E Thermo Sci-
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18 [ SO (UV-Vis DRS) » WAL R el RE . 76 Tristar 11 (38 E 22 Foqa8 22 R P BRI R
SR NG B/ o BRI X5 AR i 1) G 3 T R R L &5 A #E AT 5T . R Brunauer-Emmett-Teller (BET) J5
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90, 01~10° Hz B9 & F AT, 5045 M 5 5L (Mott-Schottky) fHZR ] 10 mV AYAZ IR IR , 3 B AE
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mL AR N #RJEEHR . L 40 mL/min BB EEEE A CO, 1 H, O 2875 #54E 30 min, JYeMEfb v g fE .
fd HAEERA HIK (25 COFE T RN 2SRRI . FERE 1 h B 0. 5 mL AR H A B3 GC-2030 SR (346 43
Br. Sttt CO, B JFA L CO BA R T I A
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Fig. 1 XRD patterns and FI-IR spectra of BiOBr, In,0;, and xIn,O;/BiOBr
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B2 iR, B 2 R TRESL R N, W/ iR SR 2%, T LAE A AR A N, W B/ 06 B S5 R 46 2 8 T TV
L, [ ER Y H3 1S B 2(h) 4 BiOBr, In, O; 1 21n, O, /BiOBr BIFLE4M K 2 In, O, /BiOBr L2
S A4k 5 BiOBr KEAHE, MFE 1 A1, BiOBr Fl In, O, LR AR/ 518 24. 56 m®/g Fl 5. 54 m®/g.
4 BiOBr 5 In, O; E6143] 21n, O, /BiOBr £ &M EHE . 2 AR LR EF L BiOBr /N, 3X 7] fig 2 il %
IR BiIOBr &4 T R4, B A 10 LR TR/ . AR TR  be 2 1w AR AT iff B A 50 22, R TR
15 2 T P S A D S 7 2%, (LR LU R TR AN J2 A Al PR R A D 1 PR 2% T S T 45 4 R TR B RE A5 1 i
AL HL RIS R A B AR, T R RO TR . AN, BIOBr Al 2 In, O /BiOBr BFLIRZY R 6 ~7
nm, X E M BiOBr Al x In, O, /BiOBr ¥IHA N LA . v FLESHE AL B2 A T 38 2 i W Bz 6, A 11
TR CO, iR,
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Fig. 2 N, adsorption-desorption isotherms and pore size distribution of BiOBr, In,O;, and xIn,0O;/BiOBr

%1 BiOBr.In,0; 1 xIn, 0, /BiOBr Btk REFARF T HFLE

Tab., 1 Specific surface areas and average pore diameters of BiOBr, In,0O;, and xIn,O;/BiOBr

Photocatalyst Specific surface area/(m® « g 1) Average pore diameter/nm
BiOBr 24. 56 7.05
In, O, 5. 54 13.02

11n, O, /BiOBr 19. 32 6. 85

3In, 0, /BiOBr 20. 92 6. 96

51n, 0, /BiOBr 19. 20 7.39

7In, O, /BiOBr 20. 04 6.91

2.3 HEARFDE SRS 25

3 MFERR ) SEM El, WE 3(a, b) iz, BiOBr A GKRIELEH , RN 1~2 pm. WA 3(¢c, D
B s In, Oy FAKIBUREE B 41 A, OB BARZYHE 1~2 pm Z T[], M 21In, O, /BiOBr ) SEM I (E 3(e~DJ
AL H L In, Oy BRI HUZE BiOBr L, HFE#E In, O, S HEAIENN. In, O, HEFBAE BiOBr 4K ALK .

FH TEM #—253%F In, O; Fl 5In, O, /BiOBr IES A ME 47 734 . 25 R A& 4 Fos . I 4(a~o)
AL In, Oy RAOKRFURLZERY  [IFE A 0. 216 nm A S AR 2R 806 BT In, O5 1Y (332) fvifi ™. Bl 4(ds o K
5In, O4/BiOBr ) TEM &, AT LAE H In, O, A1 BIOBr S22 8, MIE 4D F A& 4338 TEM B R LA £
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SR AR 2580, Hodr 0. 196 nm B M A S0% BT BiOBr A (200) f Y L 0. 292 nm B A% 45 06 T
In, Oy f(222) fhT >, Bedh, I 4CH Faf ] LIEE R In, O4 A1 BiOBr 2 A B4 S 23 il A . & 4
(g)H 5In, O, /BiOBr A #1#HY HAADE-STEM K FIFH L 1Y EDS Jo 2 B E L, 255328 Bi.O.Br 1 In JT
Z A4 AETE 5In, O, /BiOBr H1, W] In, O, 7E BiOBr 3414380, #3030 1 8 A W RH s 45

) '(d ‘)‘ .'\, '*'r\

:(a,b) BiOBr; (e, d) Tn, Oy ; (es) 1In, Oy /BiOBr; (g h) 3In, Oy /BiOBr; (is}) 5In, O5/BiOBr; (k, D 7In,O,/BiOBr ) SEM [,

3 HMmE SEM
Fig. 3 SEM images of samples
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#:(a~0) In, Oy F(d~D 5In,0,/BiOBr # TEM A 433 TEM [ (2) 5In,O,/BiOBr i HAADF-STEM & FiI# 5 £ EDS 76
EJUSTHIEN
4 #MH TEM B HAADF-STEM E#1 EDS JT 3 B 5
Fig. 4 TEM images, HAADF-STEM image and the corresponding EDS element mappings of samples
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2.4 HEARFRE i A7 & 5 B

FIH XPS 3 B 07 7RI A L2215 2 BiOBr. In, O, 1 5In, O, /BiOBr i XPS 21, 0]
PIEH  In, O, FEH In F1 O JTEA A, BiIOBr F% i Bi.O Hl Br R4 L., Ah, 78 51n, 05 /BiOBr &
MR LT In TEEERERE , HE—20F T 51n, O, /BiOBr B &M BHA Dk 4% .

SRR XPS i Bk — 2 G b i R w2 25
AT T HT . 255 6 i, B 6Ca) 2k Bi 4f XPS 3%, A
& F AT %0, BiOBr £E 158. 6 F1 163. 9 eV AL H4RAE 4 23 53] &
F Bi 4f,, 1 Bi 4f;,, , 287 BiOBr 1 Bi JE LA B’ iYL
FEERY ) TifE 5In, O, /BiOBr H1, 5 BiOBr &S, Bi Af 2 1F
g 1) B RS A 25 S BE A% . A\ Br 3d 19 XPS 3% & (& 6 (b)IHh
A%, BiOBr 7E 68. 7 F1 67. 7 eV AL B4R AE 1643 51 )& T Br
3dy, A1 Br 3d;," . W Br WI7A1E, 23 In,O; J5 . Br 3d
B R AIE O [ B 3 (R 45 5 BE W A% . IAIEL 6 (o) T LA i, BiOBr
O 1s BRI B4 T 530, 7 1 529. 3 eV Ab, £ Bi
O BEIETE. In, Oy WY O 1s A7 F 531, 7 F1 529. 7 eV BYF:
HEEITE T In OB, 7E 5In, O, /BiOBr H1,0 1s HI4FE I
5 BiOBr fHLE, 25 A REH KA 7 MW A% . 1iAH T In, O,
5In, O3 /BiOBr H O 1s FFAEIEE N [ 255 GE 5 /N 7 10 A%

Intensity

2 Te .
5In,0,/BiOBr o 13 O =
[ e, —
m
=l
o
£
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Binding energy/eV

1200 1000

5 BiOBr,In, 0, #1 5In,0; /BiOBr B XPS £ i &

Fig. 5 XPS survey spectra of BiOBr, In,0;,
and 5In, 0, /BiOBr
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Fig. 6 XPS spectra of photocatalysts

K 6(d) A In 3d ) XPS 3%, A7 F 451, 8 il 444. 2 eV ALKy

%?Elﬂ%éj\%ﬂ)%? In 3d3/2 74]‘[] In 3d5/2 o 7{
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5In, O;/BiOBr H1,In 3d AYHRAE M 1] 45 & RE S /NI 7 10 A . #E 441, 7 eV AR AARNE IR T Bi 4d,,,"
443.7 eV AL BRI IR T In 3ds),»Bi 4ds, B In 3ds,, MYIE(E A4 T HE, 3 H il T In 3ds,, AYIEEE
55, FFLTE 441, 7 oV BEE BT LA Bi 4d;, $FIE E 0 5E0E . It aT 40, 54k BiOBr M. 24 b1kl Bi
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