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BB EW A b, SREIMA 1.0 mmol 1)
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24 h, TFRMERE, K EREERY, TR
HULTEEAT RIS, AR5 3 | HEA TR AR UE , 60 °C
WTF 4 h. =Y 4 N Fe, ,-BiOBr( NaBr) , Fe,-
BiOBr(CTAB).

B 0.001 mol NaBr( 8% CTAB) &g TE£8T
K. BRIGTA 0.001 mol ) NaBiO, - 2H,0. &7
FWE pH g 2. 16, Hopt 50y 260 1m] b, Fieds ™ 4)
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Jade 5.0 BOEHIAT LR AR HE-R X = Y347 20 0, o3
Bris i AL 50 %5 i BiOBr (1) F5#fE K JCPDS: 85-0862,
a=b=0.3920 nm F1 ¢=0. 8110 nm, FH N IFE 7k £&.
WIS PR AT RS RN 36.22 nm. & 1(b) &
DL CTAB iRl 75 1 Fe,-BiOBr, 5 BiOBr [H#rifE
 JCPDS: 78-0348 Xf Jif. H M S ¥l a=b =
0.39201 nm 1 ¢=0. 80984 nm, {E/~H P4/nmm f
23 [AIE5H , Sl AR A R AR Ry 35. 04 nm.
ME1(a, b) USRS EE, R RN BA R4
ST AL SR Hop Fe, ,-BiOBr 7E 20=39. 86° I A
Fe,0, IS B, W 1(e), BEWIRAICHL
TRYE NaBr n] LASEPL Fe X} BiOBr (R tEAER. £S5
Bk Fe #A % 5544 F (NaBiO, - 2H,0 2 Bi J&,
NaBr 5, CTAB i, #8955 & W pH 24 2.16), J&
24532k BiOBr, HARTH 245 & B 2511 Bi,0,Br(c¢)
& BiOBr 5 Bi,,Br,, 0,, e &9 (d) " .
2.2 SEM 4#f

K1 SEM X fir 5 Fe 457% BiOBr #¢ 5B 3047
RAE, 45RULIE 2. Fe,,-BiOBr(a) 5 2y A KL Fr
AR, R A /D RREK, FTREEE A D
Fe,0, fE1EFTEL. Fe,-BiOBr (b) k¢ kL2 8 58—,
IYBUERT, T AR BG4, AlRE L T CTAB
HEEZIBRRVER. RAFER R BEEC & 1Y EDS &
TR, & 2(c) XL Fe, ,-BiOBr, Hrp 55170 1L
Fe: Bi=1:4, & 2(d) %) Fe,-BiOBr, H: 5+
Hr Fe : Bi=1 : 13. W CHLIR I NaBr fE
Fe fR47 #1522k A BiOBr FAg45H , ML A5
HC7E BiOBr ZR1fI. 1M LAA HLIRJE CTAB HEEFS 2
4fif) BiOBr, HE AW H/NE S AT HER Fe 945
ey, B SK, 75 XRD R A ).
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Fig. 1 XRD patterns of the catalyst(a) Fe,,-BiOBr, (b) Fe,-BiOBr, (c) Bi;O,Br,
(d) BiOBt/Bi,,Bry, 0,5, (e) Small-angle XRD of Fe, ,-BiOBr
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Fig.2 SEM and EDS images of the catalysts
(a)Fe, ,-BiOBr, (b) Fe,-BiOBr, (c) Fe,,-BiOBr, (d) Fe,-BiOBr

2.3 XPS 1

B 3a e AL 26 E A RIS B0 T, H B2 IR
(NaBr fiI CTAB) i & 158 3| 49 Fe, ,-BiOBr fl Fe,-
BiOBr 1§ XPS 43K, HAv, 710.70 eV Fi1 723. 81
eV IIE T JE T Fe 2p,,, Fl Fe 2p,, B, 7E Fe,-
BiOBr Hi oAl £ Fe 2ps,, # Fe 2p,, U ([E 3e) ,
M H. Fe,-BiOBr 1 Bi 4f,, (163. 85 eV) fll Bi 4f,,
(158.55 V) g 2y 55 4k ifi Y BiOBr 4t 18 — 5 (&
3b) "1 UL CTAB il 4 FUSEIHLAERY BiOBr,

1M Fe RAEM I 25, EDS £l %] 0. 07 J5iF kb
AR AT e HOR R 1w 5k B D Y Fe ALY, X
5 XRD Z5i—2. 1 LATCHLES T 5 NaBr /5 4R U5
%‘J%ﬁ% @JEY(J Feo.z'BiOBr, *ﬁ{)”ﬂ @J Fe 2171/2 E/‘J m%l—ﬁ
Fe " bRtk KA 22 5 ( ~0.86 eV). Fe,,-BiOBr
ML) h Bi 4f;, 1 Bi 4f, W T A G REE R
0.9 eV(164.75 eV; 159.45 eV) (E 3b), O 1s k4
W% 0.60 eV( & 3c), XEFNBIM Fe(1.83)
PR APELE Bi(2. 02) Ik, Bt FAEN, $3
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Fig. 3 XPS spectra of the catalysts
(a) survey, (b) Bi4f, (¢) Ols, (d) Br3d, (e) Fe2p
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FRLE GRAR 2 « il s s T NaBiO, - 2H,0 43 fif A=
% Bi, 05, FERRTE RN 2514 T Bi, 0, 55 NO, ik
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IR, Fe'' $B24if A BiOBr A& 4544, I HA

DFRSY Fe LA 35 42 16 BiOBr K. i LA
CTAB Jg i JE I, PR S5 B9 PH B9 T~ 3 187 3% 4 571
CTAB FfE, {75 Fe™ ¥ LASEIE BiOBr, JoikikA
BiOBr it , JEAGZERY BiOBr 41" . [ 4 2 i it
TR .
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Fig. 4 The formation process of Fe-BiOBr
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[ T8 A KN Y SR ILIE 5. ] L
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Fig. 5 Photoluminescence spectra of catalysts

2.5 DRS UV-Vis 347
1] 8 T A A Rl A 7510 73 331 S e A 8 AL A
@, BB ATA ARBDOEEE . B 6 AL
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AR HE) - n NIRE X THEEERIE, n=1/
2, TiXFF R E n=2""". Fe,,-BiOBr Fl Fe,-
BiOBr 254 75 & 40 5 o 1. 92 eV (646 nm) Fl
2.78 eV (446 nm). kIR 8 BiOBr (1425 % 75 & h
2.92 eV Al L Fe gtk 2 J5 0T LL4F 96 BiOBr
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Fig. 6 DRS UV-Vis diffuse reflectance curve of catalysts
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2.6 [#f% RhB & EE K TOC ZE

FAFI SR 645 R, 5 AL Fe ,-BiOBr Al
Fe)-BiOBr % 4Lkt RhB {14 ] DL Ra e i 1 S i {7
FE(ET). BN T, 180 min Fe,,-BiOBr X}
RhB W fff k%] 45. 18% (i1 b) , Fe,-BiOBr X} RhB
M BfE ik 2 35. 28% (HhZk a). FERI WGk T,
Fe, ,-BiOBr( fii 2k d) Fil Fe,-BiOBr ( i £& ¢ ) %} RhB
AIREMR M2 an N BB, 235 In(Co/C,) R U
W) ¢ FEAT L, SRAS 3h )2 B3 il o 0. 109
min™ 1 0. 055 min. Fe, ,-BiOBr 1L 4 K 4 N
Fe,-BiOBr [) 2 ff5. HHILAI WL, DL NaBr 2 Br Vil 45
i) Fey ,-BiOBr AT S 4FAY T WOGHEALIE R, )
AHYIARETE 201k, 547 b AR BRI 7 il A2 i,
EWRE R I ABIE, a7 RAR A
L. RhB Rt FE b ™ i ik S A Bk (TOC) BR
BRIGE. SRR, TEMFZIET, Fe,-BiOBr( il
28 f) fil Fe,-BiOBr (l £k e) {& &, Fe,,-BiOBr
(62.84% ) %f RhB g5 1k /F FH 3 5 T Fe,-BiOBr
(36.82% ), AIFERE[A AR Al NaBr fEAZSEE Fe 1)
B8R, BUE T BiOBr [ i As &5, et TOLMEM
PEMTI I 7B R RCR.
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Fig. 7 Determination of RhB during degradation
(a) RhB/Fe,-BiOBr, (b) RhB/Fe, ,-BiOBr,
(¢) RhB/Fe,-BiOBr/Vis, (d) RhB/Fe, ,-BiOBr/Vis,
(e) RhB/Fe,-BiOBr/Vis, () RhB/Fe, ,-BiOBr/Vis

Xf Fe, ,-BiOBr 17 REFRAL I, R 1, 10-
FEZRSOE BRI E T AL BS S Fe' Uk
i, A4 2. 48x107 mg Y Fe,0, B IR i,
2 5 BAB 2% Fe it 0. 62%0, VLB TSN LA

% Fe JEAAFAER. FEAR 25 0F P OLAEALFESA# RhB
FUBAL BT )5 Fe, ,-BiOBr BRI P, 2350 A
In(Co/C) XS] ¢ HEATHUG , SRAGBI 129 2
4394 0. 030 min~' (Z ) F1 0. 051 min™ (40FH).
SRR, F R 155 Fe, 05 LBRJ, Feg,-
BiOBr {5 PE B A FEAR S M2 (UL 8a) , Fe 2
2% BiOBr ] WLYGIE 1 E 2R A Fe 27285 A BiOBr
AR AR 25 R BT B, TR AL FRLS W PR T AT RE R I
Fe,0; BT BiOBr 2 {5 Hi Pk 5 sk b T .

- +
HCI (pH=1)

] 8 AT IR ALk FHL S AR S8R ]
Fig. 8 Catalytic degradation effect after acid treatment
[cata] =0.33 ¢/L, [RhB]=1.67x107° mol/L, pH=7.0
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IR, o N B A A A ) 2 TR B 9 i R S S RN AR
0, " FIH,0,. B AR, fEAH IR
26 F T AL R IR FE SECR AUBOR. s I
JCHEAL PR & o i SR 2 AL D SE Fe, ,-BiOBr Al
Fe,-BiOBr Ffit RhB s A g i 2. oy T i
STYGVRIE , SN i R SN I IR LA A A O Y
0, 4. RhB RFEMFRMFERR R | Frs. 450
=, 45 Fe, ,-BiOBr fFE4E R Fe,-BiOBr 1Y)
1.33 4%, [R5 B2 Fe,-BiOBr 1 1. 98 %, ik
— AL Fe, ,-BiOBr IHEALRARHTAF.
2.8 ESR JUzE

ESR J& B RE 6 A7 iy 9 FH 2 A9 —FoJE 54 200
BRI EAR, SCHEAC AL SR 7 B 53k 4 AL )
MR A WA (- OH) MU % A i %
(0,77), MH I %E 17 5 A BY T BRAR 6 A AL S Rz
HLEL & 9 AN A Z H DMPO- - OH Jin a4y Al
DMPO-0, "I KR (5 . o, ] 9a 2
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Fe, ,-BiOBr ) DMPO- - OH Jinliifs 5%, Hoim
BEHR 1 22 :2 1, H B, Ui Fe, ,-BiOBr
JEHEALREfE RhB (KR =41 - OH, REfRHLE
KH| - OH A4k HL3E; & 9b & Fe,,-BiOBr H1 )
DMPO-0, "~ {5 0, VSR FEAR , X 3R]
TEfEAEAR R4 Kt 0, 5 Bl 9¢ J& Fe,-BiOBr
Hif) DMPO- - OH M5 Sk, HAG5 AW &,

VLA Fe,-BiOBr LA (L% f# RhB {4 3R h AR = A=
- OH; [&] 9d J& Fe,-BiOBr Hif{j DMPO-0, il i
M5S0, WETR RN, X RIAEMILIR R =
KE O, .

Ryt B UE RV R Rl B p B R
fiff SN AR, A DAOBUT Bk - OH 3K,
DR R O, AR, KTl 28 7 (Ch" ) 3 3K, 4303l

®1 REEUE

Table 1 Determination of oxygen consumption

Catalyst n Oxygen consumption rate( x10"mg/L/mol/min) Kinetic constant/ (min™")
Fe, ,-BiOBr 3 2.40+0. 0933 0.109
Fe,-BiOBr 3 1.81+0.2768 0.055
Fe, ,-BiOBt/Fe,-BiOBr \ 1.33 1.98

Table note: n stand for repeated measurements; Oxygen consumption rate is average+ standard deviation
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3500 3520

(d)

1 1 1 | 1

3440 3460 3480 3500 3520
Magnetic field/ G

& 9 DMPO- - OH Jiiji¥ #1 DMPO-0, "~. hii¥n ESR 55
Fig. 9 ESR signals of the DMPO- - OH adducts in water and DMPO-0, "~ adducts in methanol

(a) Fe, ,-BiOBr/DMPO- -

OH, (b)Fe,,-BiOBr/DMPO-0, ", (c) Fe,-BiOBr/DMPO- - OH,

(d) Fe,-BiOBr/DMPO-0, "~
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Fig. 10 scavenging experiment of free radical
cata] =0.67g/L, [RhB] =1.37x10"mol/L, pH=7.0,
[ tert-Butanol ] =1.06x10™> mol/L, [ p-Quinone] =
9.25%10™° mol/L, [KI]=1.80x10"" mol/L
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Fig. 11 Catalytic recycling in repetitive degradation of RhB

[ cata]

=0.33 &/L, [RhB]=1.67x10" mol/L, pH=7.0

(a) Fe,,-BiOBr, (b) Fe,-BiOBr
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12 52 Fe, ,-BiOBr {05 ] WOt G HEIL AL
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Preparation of Fe Dopped BiOBr Using Different Bromine Source
and Visible-light Photocatalytic Activity

LI Xin-yu'"*, FANG Yan-fen''*, XIONG Shi-wei'**, JIA Man-ke''*,
MA Wan-hong' >, HUANG Ying-ping'* *
(1. Collaborative Innovation Center for Geo-Hazards and Eco-Environment in Three Gorges Area ,
Hubei province, China Three Gorges University, Yichang 443002, China;

2. China Engineering Research Center of Eco-environment in Three Gorges Reservoir Region ,

Minisiry of Education, China Three Gorges University, Yichang 443002, China)

Abstract; Fe dopped BiOBr was synthesized via a facile hydrothermal method, where using sodium bromide
(NaBr) and cetrimonium bromide( CTAB) as the raw materials. All the samples were characterized by using vari-
ous methods including X-ray diffraction, Scanning electron microscopy, UV-Vis diffuse reflectance spectra and Flu-
orescence spectrophotometer, respectively. The result showed that in the same preparation conditions, Fe doped
BiOBr could be gained when NaBr was used as bromine source, Fe entered into BiOBr crystal lattice and formed the
new bounds of Bi-O-Fe or Br-O-Fe, iron content was approximately 0. 20 by EDS, the band gap was 1.92 eV. PL
analysis showed that Fe doped BiOBr helps reduce recombination rate of photoproduction hole and photoproduction
electronic. However, we got merely pure BiOBr when CTAB was used as bromine source, XPS and EDS detection
of ferric content of only 0.07, the band gap was 2.78 eV. Samples were named F, ,-BiOBr and Fe,-BiOBr accor-
ding to the content of Fe. It was indicated that Fe, ,-BiOBr(k=0.109 min") had the better photocatalytical activi-
ty than Fe,-BiOBr(k=0.055 min™) under visible light( A =420 nm) degradation of Rhodamine B(RhB). The sam-
ples were proved to be an efficient and relatively stable photocatalyst under six recycling experiments. It was indica-
ted that the visible-light photocatalytic activity of Fe, ,-BiOBr was attributed by both crystal lattice iron and surface
iron oxides by the Electron spin resonance results and free radical scavenging experiments. Fe 3d orbitals was in-
volved the formation of valence band( VB) and conduction band(CB) of Fe-BiOBr and superoxide radical( 0, ™)
and valence band hole(h") acted as the main reactive oxygen species.

Key words: Fe; dope; BiOBr; photocatalysis



