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Preparation of BiOCl,Br,I. Composite Catalysts and
Its Visible Light Catalytic Degradation of Methyl Orange
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School of Material and Metallurgy, Inner Mongolia University of Science and Technology, Baotou,
Inner Mongolia 014010, China

Abstract Due to the special layered structure and appropriate band gap, BiOX (X = CI, Br, 1) shows good
photocatalytic activity and stability in visible light. Changing the composition of halogen in BiOX, can adjust the
band gap, thereby optimizing the photocatalytic performance. In this paper, a series of BiOCI, Br, L. (x, y, #=0.1,
0.2, 0.33, 0.6, or 0.8) composite catalysts were prepared by a mixed solvothermal method, and their structural
morphologies and optical properties were characterized. Furthermore, the photocatalytic performance of these
catalysts was investigated by degrading 15 mg/L methyl orange (MO) under a 300 W xenon lamp with a 400 nm
cutoff filter for 180 min. The results show that BiOCI, Br, I. composite catalysts displayed a microsphere structure
assembled by nanosheets and their degradation efficiencies towards MO were higher than those of pure BiOX (X=
Cl, Br, 1) except BiOCl, ¢Br, I, ;. Among the prepared BiOCI, Br,I. composite catalysts, BiOCl, ;;Br, 551, 4
composite catalyst exhibits the best degradation performance, its degradation efficiency can reach 98.4%. The
reason may be that the composite catalyst with a more suitable band gap can make better use of visible light and
improve the separation and transmission efficiency of photogenerated carriers.
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Table 1 Dosage table of NaX in the preparation of BiOCI, Br, I, catalysts

BiOCl, Br, I. Dosage of NaCl /g

Dosage of NaBr /g Dosage of Nal « 2H,0 /g

BiOCl,,, Bry I, 4 0.0351

BiOCL, , Br, I, , 0.0351
BiOCl, ,Br, , I, 0.0702
BiOCL, , Br, I, 0.0702
BiOCl, 4 Br, 4 1, 4 0.1157
BiOCl, ;Br, , L, , 0. 2104
BiOCL, ¢ Br, , 1, , 0. 2805

0.0617 0.8924
0.4939 0.1116
0.1235 0.6693
0.3704 0.2231
0.2037 0. 3681
0.1235 0.2231
0.0617 0.1116
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Fig. 1 XRD patterns of pure BiOX and BiOCL, Br, I. composite catalysts. (a) Pure BiOX; (b) BiOCI, Br, 1. composite catalysts
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Fig. 2 SEM images of BiOCl, 5, Br, 5,1, ;; composite catalyst
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Fig. 3 EDS spectrum and mapping images of BiOCl, ;; Br, 551, 55 catalyst. (a) SEM image; (b) EDS spectrum;
(c)—(h) mapping images

# 2 BIOCl 53 Bro 5 1o 5 EA AR T4 ITTR K EDS 4317 45
Table 2 EDS analysis of each element in BiOCl, ;; Br, 5531, 55 composite catalyst

Element Bi C Br 1 O Cl
Mass fraction /% 61.57 10. 07 9.71 9.13 4. 83 4.68
Atomic fraction /% 16.73 47.62 6.90 4.09 17.15 7.50
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Fig. 4 TEM images of BiOCl, ;;Br, ;;1, 5, catalyst
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Fig. 5 XPS spectra of BiOCl, ;3 Br, 351, 53 composite catalyst. (a) Survey spectrum; (b) Bi 4f; (c¢) O Is;
(d) Cl 2p; (e) Br3d; (f) 13d
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Fig. 6 UV-Vis diffuse reflectance spectra and (ahv)'*-hy
diagrams (inside) of BiOCI, Br,I. composite catalysts
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Table 3 Band gaps, degradation efficiencies and kinetic

constants of BiOCI, Br, 1. composite catalysts

Degradation  Kinetic
Band gap
BiOClI, Br, 1. efficiency constant & /
E,./eV ,

/% (10 " min )
BiOCl, 53 Bry 55 1y 55 1.83 98. 4 2. 160
BiOCl, , Bry 41, » 2.06 96. 2 1. 820
BiOCl, , Br, , I, 6 1.70 90.5 1.310
BiOCl, , Bry 1, ¢ 1.65 82.0 0.931
BiOCl, ;Br, » 1, » 2.13 70.1 0. 654
BiOCl, s Bry 1 1, , 2.36 43.0 0.318
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Fig. 7 PL spectra of BiOCI, Br, I. composite catalysts
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Fig. 8 Efficiency graphs of BiOCI, Br,I. composite
catalysts and pure BiOX degrading 15 mg/L MO
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Fig. 9 Reaction kinetics diagrams of BiOCI, Br, 1,
composite catalysts degrading 15 mg/L MO
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Table 4 Photocatalytic activity of different BiOX| catalysts

Contaminant and its

Degradation aror/

Catalyst and its mass . Light source . Ref.
mass concentration efficiency (geg '+ min ')
500 W Xe lamp
BiOI (0. 100 - L7! 360(9 0. 00 11
101 ( ) MO (10 mg+ L ) (A>420 nm) 360(95) 6 [11]
300 W Xe lamp
BiOCl, ; Br, ; (0. 050 g) . L7 70(100 0.022 12
31 0.5 BT - g MO (20 mg = L ) (A>400 nm) ( ) [12]
500 W Xe lamp
BiOBr, 1, ; (1. 000 g) .L 7 90(92. 6 0.021 13
iOBr, , I, 4 g MO (20 mg« L (A>400 nm) ( ) [13]
. 500 W Xe lamp
BiOCl, ;51,55 (0. 200 g) < L7! 0(100 0.020 1
i 0.75 Lo, 25 g MO (20 mg+ L") (A>420 nm) 50( ) [15]
. 300 W Xe lamp
BiOCl, ; 1, 5 (0. 020 g) B - L7 180(83. 0 0.035 21
Er'"-Bi; 0,1 (0. 04 g) MO (10 mg+ L™ D 5 W LED lamp 90(70) 0.0077 [22]
300 W Xe |
BiOCL, 4, Br, 5,155, (0.020 @ MO (15 mg+ L 1) ©amp 180(98. 4) 0.041 This work

(A>>400 nm)

Note:arop

(0% . . .
= 7;7 X 100% , where C represents the original concentration of the simulated pollutant methyl orange, V
m

represents the volume of the methyl orange solution, 7 represents the degradation efficiency of the methyl orange by the

catalyst, m represents the quality of the catalyst, and ¢ represents the duration of light.
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EILL
BiOCl, 43 Bry 5 1, o5 095 A0 003 A0 T 305 30 4 18 19 28
WMEALIR R . X AT REA = 5 1 i IR 1) 124 A 7
HUA A 38 AR 98 B W] 8T 4 b R T AT DO 5 2) % 4k
PR ELAT B G B 06 A 3R 4 B ROR L ] DR I T
ZWMWEEY S MO & A4 S A0 R 5 3) 2 A 1k
FIXS MO B AT B 1) e B RE .

4 4 1w

AR 1R AR R R T & T — R 5
BiOCL, Br, I & & 167, iz fiE 1k 50 2 80l Fobk 25
A 28 2B Vi AR SR B . JE i AE 300 WO AT R B
fi# 15 mg/L MO RPN 5 A4 40770 1 G4 1 1 Be
S5 TR AR A A I RE S BIOCL, 5, Bry s 1 4
82 A AL B E AR T B B L X MO B B i R A
180 min P ik 3] 98.4 %, H i — % sh 12 % 5k
0.0216 min ', f T T W18 A 28 UL R . x4
A B Sk nT DS A A ) ) el A A DA R AR TS e )
e e S0 45 11 o7 FH) 4 48 52 365 e B AR 4
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