%40 % 55 6 )
20214 11 A

C S AN -

Journal of Huazhong Agricultural University

Vol.40 No.6
Nov. 2021,84~90

TR G , 15T, BT A L A5 BRI S R4S Bi, O,/ BIOT il 2 K e fift DU 3R R R LT 5E ) ] 48 fh ol K2 2241, 2021, 40(6) : 84-90.

DOI:10.13300/j.cnki.hnlkxb.2021.06.011

¥ R R4 Bi,O,/BiOl iyl & & b 7 I IR = ML &I i 3%

i%‘}@ﬁl’mw?%?ﬂgl»ﬁ%iﬁl»%%w
1RBBEREAMAZEHNEDRREETEETRE/ MR K
2. MREAKXFS BMHENTEL THRE LS

JLEA T !

1
KFFE LR TALFR, B 445000
g‘_

53]
LI E . d T 530006
3 A

BAREIXREMBILAGHARBRELEERE, XX 430070

mE

PL&k (0 55 B8 T ik il 2 B E S 4 R A FRE Bi, O, /BiOLL ¥ & & # 8 Bi, O, /BiOL i T hik F 47 K

K DU PR ER M REAR L IF S5 4600 Bi, O, 5 BiOT WY RE R R #EAT X L. DL X SR AT 9 (XRD) (X 4Ot i ¥ Re 3
(XPS) Xf Bi, O, /BiOT & 9 A8 21 5 A 57 47 R AF 43 87 » R F 4306 0% B 8 WO 3158 Bi, O, /BiOT # i [ f#k b

LGN R R Y 92.4 %, — 2 h J12F 8N 0.018 59 min !,

Rz RS TR R L BI, O, 5 BIOT

TR RS 50 3.0.6.0 eV, BEIE S B4 5 A MR Bi, O, /BIOT 78 6 itk £k 52 B i, 78 P @t i 37 FRE A 25 il 1) 24 1)

YERIR L BIOT 7y 13 JFURE 1 8055 iYL T 5 Bi, O, 07 v 04K B 0 058 19 25 7R 23 52 5 ML T B 2503 0

JEL L Be S04l BE 7 Y 0 AR L TR 23 O, B AT RE SRR TR S B4 A A B R Bi, O,/ BIOT B 4 e i A 36 1 i LA
KW MIE RS WHRR; PiAEREK: SUaECREm: Bas e Sefibi sl wRkaw

RESES 0643 XEEARIRES A

DU PR ER S —Fh LA AP AE R e T I
F MG B BOW AR = g5 HA SR A
PRV P 0T 22 P TR o 2 R T R B R L AR
A ST TR TR AR L S AR | T 4 T R BT K 1 Ji e A
R A ERIAE T . BUA: R R A  BOH &
Pl A2 oE A B0T5 K A BT Ml ROk S PR BE A
. K ERBE U PR FR 2K 2 W) A TE L 23 X K A A B
HEAT HE PR RS T 0T K BR 5T B AR O A A T 24 A
PR S O AR B Y DU A 2 2R B A O A AR
SR e B R U 25T HE U K Hh
BRA Y U 528 AN By 1 A ) A W Wi e LA A B 855 v e
fiff s HLAE B B0 75 7K Ak 2R 2R 45 rh e LA RS 25 B, X A=
A F GRS B g ™ I . O T A AR R
KA DU PR R AIF 5T R A [ 32 % R AT e
fift ., ARIBRAEN 38 R AERE K DBD 45 8 11k X%
R K Hh DU 3R 2R R Al 3 90 Vo LR i 35 15
— R 2 R RUAES SR AR W O vk Bk 5] 5
Ab BT 8 Hh Y DU R 2R AT R A %7 IR SR R
(ENE 33 € g S A O = & S EN R NP S

Yo B 37 2021-06-18

NERS

1000-2421(2021)06-0084-07

PR R R BN EE, AR TR AL
5 EWIAE B B Dk AR B35 L ' A I A v
DAHG v 280 IR RERE | 2 (0 B0 08 25 40 A5, 7 75 7K b B o
R R R AT

B RO R R T S E S S
1780 S5 Joe 45 2 S B 2B HL 1 28 X0 8 1Y) UL AT 2
sems . 1189 5 5 45 L RE A8 SC B -2 NI A R
B AE] 8 T S R I TR AR RE T OB B A b
S s al A sE iR ix — il . BRIE SR AE i 1 A4
RS 1 A R A G R R, 2 A T R TE 3ok
RESZEHIPE IR - —Le L 7~ 22 DA B R BE 2 i 1 2 =
PRI B 1) 9% K BE S AR A 2 5 1A, DA T 78 57 1T 19 0 A
SO B R LA L T U [ AR FL 3, A DN A EL 3 A A
FF 388 J5URE 7 255 1) L 5 S A RE T 8 1Y =S R
oy A T AR B 4 CB b U aE 77 3055 A Fe
T A VB AL RE T BGR A = o8, FEN R Y
MRS T L BRIE S B AL PO R 5 S TR B R B
REEGE I BRRA AR, BN Z 5 A
A TSR B S AR TR RE R R A O Ak M R

HETH . HERARBFRESTH (21769009) 5 #8528 30k (A b 4 0 ) v [ R R SR E I H (PT092101) 5 7 P Ak = b2y 5 T/
AL ETIFOR B (GXFK1904) 5 )7 P RHE Je 4 A AL 35 CEERE AD 18126005) 5 #4048 30— U 7 S 152 4 10 5 W) b R e o 2 1

+ 5 B 4 (MY2018B022)
%7 346 , E-mail ; Jftanhaiyan(@ sina.com
WAEEE B D, E-mail: 1119697104 @qq.com



%6

WL 45 BRI R4S Bi, O, /BIOT AY il 5 K [ fig U 25 2 /9 HL i BF 55 85

B E Y A BT MR S A T O AL
I IE B AN R A 50t 43 18 6 A T R 28 9, B R
b L RE AR HL R A RE T 59 Y 28 X
A AR TR TR 2 SO T R R G
PIRT BRI Ak R SR RE T, X R 4 R s A
oA RO A TG VAT IF T — BB iR .
b AL A ) — 25 HE L R AR R A L Gt
AL B (BIOD 4 Bt 88 78 Ol6 MR S0 Bl ek, fHLJ2: i —
1 BIOT e fe g 2207 . 36T LR IgB0  A
FEAEH A R R R A BIOT, LI Sy 5 1A 35 55 il 1 i
VS SR 5 R e AT il 45t Bi, O, /BiOT B4 TE = it 45
RE T B0 AE 28 AR 7 B K b 0 B 2 R R 5T L O
A Bi, O, A1 BiOT S 46 571 % 10 28 2 19 5% i
b W A Pk BE 2R AT X LU 3895 Bi, O, /BiOT #6815 it 2%
AR X U 3R 2 1 B A AL SR TR AT 5B T 5 I 45
S G AR 1 5 i B 2E — 25 P2 LB 5 i

1 HRS T

1.1 R F

5 BT T A A 2 3R] X 0 T I 2 A AT o
BEFR . LB DU E (Bi(NO,) « 5H,O.KI % ¥ Ry 43
Mrati,
12 REAFHER SR

D BIOI i & 5 BLO, 194 i, ¥ 19.40 g
(0.04 mol) Bi(NO,) « 5H, O il ABE#r . A 60.00
mlL UK R . 7 75 B 25 0F T L L iC O AR
W . FREL 6.4 (0.04 mol) KILJIMA 650.00 mL 2%
TR IC R B B IR A W RE
THMAZ B P E RS 2UE. HE 1~2 h, 5
Ot i BB ORI TS TR &R, Bi,O, =
$ Bi(NO,) « 5H, O 7£ 500 C & F w5 i & b2
17 B

2)Bi, 0, /BiOl {15 M. 5 RFFRIR 1.700 4 g
1 Bi(NO,) « 5H, 0,8 mL JKE§ B % f# . | 30 mL %
BT KR 7.020 1 g B9 BIOL #f L& i i 19
Bi(NO,) « 5H, O] A i # 1~2 h, T4,
Ao ZAH R Y R S UKL, SR J5 7R 500 C TR R ke 15 2
10% 1 Bi, O, /BiO1 & & # 8k, 5 i A [H 8 07 ik
il & 1 5% Bi, O,/BiOl #1 20% Bi, O,/BiOl & &
R
1.3 HEAH B RIE

il & B9 44 B XRD %) 48 23 # 7 D/Max-RB
(Rigaku,Japan) BU K X SFA7 SH s, 5% A

B X 2l Cu ) Ka 4, 3K 0.155 nm, 4
HEEHR 0.05 /s, (AW TR MM AR KR
Thermo Scientific 2 7l 4771 ESCALab 250 Xi %l
X L F REHE AL (XPS) FRAE .
1.4 MINEREFIRE

TE 5 ANBEFR R BIAA 100 mL (4 DU KI5 W
(H BT B 10 mg/L) 78 5 N BEAR & FLn
A 0.050 0 g 9 Bi,O, .BiO1.5% Bi, O,/BiOI.10%
Bi,0,/BiOI LI & 20% Bi, O, /BiOT SefE 14k,
AR 2 T IG5 K28 30 min 35 31 W B - 46 , I8 it 2 i
it AR 0 A 1S WUKT (TR 300 W, 7E K i
BF ] 43 594 30.60.90,120 min B B HY FE i J5 09 1
WEATIAR . AR HL 5 mlL 3 00 1 FL o B o
B S FLE VR AR 58 A0 43 66 BE T I R O B K
P 356 nm, H 2 BRSO AT DL i 23 5l 35 o
RRIR .

Feff% T=(C,—C,)/C, X100%,C, Hl C, 4>
SRR DU B 3R A R G O o vk B RN ¢ B 2 Y BT A R
B B mg/L. FlRE 9y =1—T= C,/C,.

2 HR5HM
21 FfEH BB RE

S TR AR AR B 5 X6 L) 2% Y 11 e fe 2R ]
1R H R sl L RO R o R . IR 1
AL B AR 2 h )R L Bi, O, BiOL 5% Bi, O, /BiOIl,
10% Bi, 0,/BiO1,20% Bi, O, /BiOT % 4x & 43 5
H12.7%.19.4%.,10.4%6.7.6%.9.5%:5% Bi, O,/
BiOI,10% Bi,0,/Bi01,20% Bi,0,/BiOl & & % &
SEREI R A ROCR B0 T By Bi, O, 30 BiOT
MoEH AR B, O, & E &M EH.10% Bi, O,/
BiOT 9 5 5 25 b4 6 A A6 17 P AH X e 4, Z20d 2 h
SO SN DU R 2R 9 W IR A 3k 92,406 TR AR R
J7.6%.

22 SSRGS 5 i 2k

5 Mot fEfE AR Bi, O, \BiO1.5% Bi, O, /BiOIl,
10% Bi, 0,/BiO1,20% Bi, O,/BiOT F&fi# 10 mg/L
PUER R B — 28l Sy R an i 2 fros , H— gl
WHOTE XN In(C,/C) =k, Ho C UK E
A I A Wi 1) T S Wk B2, C, S WU 3R 3R 7 ¢ I 220 11 o
fifp JoT R v BE L AR A TF SR 0 i) A8 B R R B
0.015 61,0.011 77,0.010 04,0.018 59,0.014 19
min 'L ZER K 10% Bi, O, /BiOT [ R i 8 R B
1o FLOGAHE TR R A SBOR AR X B8



540

86 ol R A R
- Bi,0,
100 -8 BiOIl
° -4 5% Bi,0,/Bi0T
= sof ¥ 10% Bi,0,/BiOI
= - 20% Bi,0,/BiOT
=
= 60F
<
=~
8
£ 40
= a0b
0 -20 0 20 40 60 80 100 120 140
5} [E]/min Time
B 1 TRESEEAFII 10 mg/L HIRE
BRI ELEBRR
Fig.1 Photocatalytic degradation of tetracycline

(10 mg/L) solution with different catalysts

2.5-
mBi,0,
®Bi0l v
2.0b  A5% Bi,0/BiOI
¥ 10% Bi,0,/BiOl
# 20% Bi,0,/BiOl
1.5¢

In(G/C)

1.0}

0.5r

1 1 1
0 20 40 60 80 100 120

I [E]/min Time
B2 AERELHBEORED
R fi 5h 1 M — % R I o 2k
Fig.2 First-order kinetic fitting of the photodegradation
of tetracycline with different catalysts
23 BHEEFRARE
K38 10% Bi,O,/BiOl &4 5 Fi4s# ki A
A B R B 25 R, Hoh, AVBLCLD 43 3l R A
ANPEIGA AN 1.00 mL SN EE TPA Ji 412 2k 1y ik
(« OH) I 0.50 mL = Z B8 (TEOA) 4 3k %5 /X
Ch" ) IA 0.500 0 g T IK i B2 4ilf 31 4 A iy 2
Co O, ) Ji B K il 28058 P T il 3R 20 31 R 92,404
91.890.60.17.22.8% . MK 3 0l LI . AN
W2 I P A S8R LT A R L B 3R 2 91.8 065 1
A =L N S R ORI R B H R AR R
60.1% s MNABUIR MR 2 & o B R M R ARR 1 5 Jo 45 52
B R BOCHE AL TR JERE R R R 22.800.
SR BUIR R A R b A T 10% Bi, O, /BiOl & &

S RS BRI G AL RO L 2 WA DU B 5 AY E fifp od
BPEAAMIEC O, )& 7 EZE/AM, 270
A VR RACPE T, 2R A 2 C- OFD XL fiEfE
T PE L3 50

100r

[%f# %/% Degradation rate

EYARETIT
B L-Ascorbic
TEOA .

acid
VEKF| Scavenger

B3 MAREREBNECTNEEEZFRIKE

Fig.3 Species trapping experiments of the synthetic

IPA

0
PRI S

No scavenger

material during tetracycline degradation

24 FENHEH XRD B

M 4 mIHD, Bi, O, 1Y 047 B 32 2 25.8°
27.5°.33.2°, 51.7°, X S W B 5 Sk [ 17 ]9
VA7 AR — 3, BiOT Ay Hh 7 B = 2 F10.1°,
30.1°, 32.2°.46.1°, 56.3°, BiOI BY4FAE W& 45 K
W1, R G R BiOT Mk 25 & BE 34T, X 5 3
BRC1S AT 19 BiOT A4} i W07 8 — B, Ik WA 1
T BiOI #18, Bi, O, /BiOT 5 i 45 b1 Rk 3= 2 177 5 0
(i A 8 5 Bi, O, A BIOT B 32 B4R fiF e 1 06 57
B8 X Bon A T B0, /BiOT 5 45 6 4 1k
ok,

FHXT R JE Inten sity

10 20 30 40 50 60 70 80 90
26/ )
4 REEELTEE XRD B
Fig.4 XRD patterns of different catalysts

25 JEAHRIE XPS B

5 ML A R R XPS B H B E 5ALB
4391 BIOL,Bi, O, /BiOT 1 3d Ay L T45 4 fig 5 &
5C.D 4r4lh Bi, O, .Bi, O, /BiOI H Bi 4f fH + 24
GHE. HESCHRL19-20] ] F0, Bi 41, 5 Bi 4f,, B H

= He -



TG 45 BB S LS Bi, O, /BiOT [ 5 B B A 10 3R 3 (1 Ll B 5%

87

T A5 G R 0 A 8 S B AL T 164,159 eV
Vs 13d,, 5 13d,, B A5G BRAY T I A7 B
ST 618,630 eV BT, MIE SA AT LIF H 4l
BiOI 1 I 3d,, Al 1 3d,, %5 & 684> 1 h 618.62.,
630.10 eV, A& 5B "] LLA i Bi, O, /BiOI 11 3d_,
AT 3d,, B HL ¥ 455 BE2r 5 618.51,629.98 eV,
48 BIO1 55 Bi, O, JE il 5 5 45 Bi, O, /BiOl Z Ji5 it

JLR MY T 455 BRI/, R 45 & BB R A% . 32 A R
13d,, BiOI
618.62eV

13d,,
. 630.10eV
=
3
\E
=
il
610 6i5 650 6&5 6%0 6.%5 64I10
Zh 45 fikleV Binding energy
Bi 4f,, Bi,0;
158.49 eV
Bi 4f,,
163.84 eV
=
g
C =
i
1t

156 158 160 162 164 166 168
54Tk eV Binding energy

A:BiOl; B:Bi,O;/BiOl;
S AWRIE XPS HZ&E

XPS curves of the catalysts

5
Fig.5

26 REXFHNFBBRBEITE
DiFREBA, T H# Bi, O, f BiOT B # B
A RN, DL B R BLE (DET) A i B K s R
M VASP o fF g A7 3t . e i L BiLO, Al
BiOIAY 001 T A 11 55 A5 7 (IR 6 ) o A5 0L T 380 1% %

Bi@ Oe

g

BiOI(001)

Bi,0,(001)

6 Bi,0,# BiOl Bt B A E
Fig.6  Calculation model diagram of Bi,O, and BiOl

4555 BIOl &3 T B A m 7. WK 5C
A LA 4L Bi, O, 1B A1, , 5 Bi 41, 454 RE4 3
$9158.49.163.84 eV, NEI 5D A LA ! Bi, O, /BiOl
T oBi4f,, 5 Bi 4f,, B9 #4545 RE2r B 159.82,
165.20 eV, XPS 253 % BiOl 5 Bi, O, & 1l 57 i
45 Z 5 BT R LT A5G BERE R 1 R A S RE TR AL
FWIH N Bi, O, ##% 2 7 BiOI I+, 58O & W45
BRemB LR —5.

Bi,0,/BiOl
13d.,,
618.51 eV 13d,,
629.98 eV
oy
7
<
2
B =
il
B

640

610 615 620 625 630 635
2545 H8/eV Binding energy
Bi 4f,, Bi,0,/BiOI

159.82¢V p;j4f,

165,20 eV
=
]
&
D E
2
bl

156 158 160 162 164 166 168
Zh 4Tk eV Binding energy

C:Bi; O3; D:Bi; O3/BiOL

AE A K U0 BT A AR AL 43 0 152 2 500 eV J& 62X 6 X
3. TEJLfTAEAbad v, e S br B B R 1.0 X 10~
eV/ T B8, e KN S B R 0.03 eV/A, TEHLE
TR ELN ] 20 A 92028 2ok TS B R W AE Z il
J5 I A AR EAE .

2)Bi, O, F1 BiOl iy 5. Bi, O, F1 BiOT 1) #
BN E 7 B e B 7A & 001 TH Y Bi, O, 1Y i
L AR g A B, O, B S R BCR 3.0 eV, &
7B 001 [ Y BiOT Y # L #& L 8 o 7F 5715
BiOT (S s # h 6.0 eV, B4R Bi, O, i 31 p& 5L/
T BiOT 1Y 2 ok i, H 2% K BB 90 K T BiOI 1Y 2% K
RES . fERE R ZEMMER T, G fb S B i, — 26 /g
T N BOKBEGL R 10 Bi, O, 2k Sk L #8725 ok
AE AR 19 BIOT 2 4K [, DT 76 5t 1t 7 ) A1 28



88 RSN 3 A NI 3= S 7

540

AH R H A T T B 1] PN R 3, HRL 3 O R
i 2% oK BB 90 B Y Bi, O, 35 1 9% K BE 9% 8K /Y
BiOT, & 2K # i 3 i9 1H 5 45 2 5 1 110 XPS #9 HL -+
SR RERAMEA R —8., Wik, B AR fEL N &

St Bi,0,(001) E..

fosd) [

E,

(=

g/ ev
i

Electrostatic potential

|
—_
=

T

1 1 1 1 1
5 10 15 20 25
zIA

B E T Bi, O, 19 3T &, BiOT (1Y HL 3R
i . 45 Bi, O, R REM 1 % |25 . BiOT W9 B 11 4%
Tl X e gE SR R W Bi, O, f1 BiOT B Fh 44 K n]
PLIE W86 T S5 5t 445 44 Kt

st BiOI (001) E,
3 B
S~ O ,
B ®R= -5
2=
B2 oo}
=
To-1st

510 15 20 25
VN

A:Bi»O3; B:BiOI.
B 7 Bi,0,(001)%1 BiOI(001) M Ky 55 FE 3
Fig.7 The electrostatic potential of Bi,O, (001) and BiOl (001)

2.7 SRR A P AR

Bi, O, (s %HR 3.0 eV, BiOI T k%K 6.0
eV, MW H B 5 45 )5, Bi, O, B F 2 7] BiOl
LR B E SRR B E 230 F i . DI £
FL AL B B — A~ B Bi, O, 48 11 BiOT J7 1] (9 14 2 i
Yy Mert Bi, O, 2k L+, i3 T L (45 Bi, O, 1Y fE
Wit A5, BIOT 44 3 i 7, L HRE R, 73 BiOIl
MIRE NS T Ml fEXCIRAAMET . th T Bk
A A S 51 AL [FEAE AT BIOT fr el b4 59
M5 B, O, M BRI 7GR Edl, 2
PR A AR R A A 2 S I R G 1 A
. BIOT B4y b B2 A Boom A A RE 1 19 25 o3, T
Bi, O, G EORFR 7880 iE J5LRE T 1 i 7 R AUk
JFOMHAHHIEC O) . Z5A R A A %K
I, T RLE DU PR R YOG A Ak B A b, B AR A R
C+ O, 52 7Ch ™) ¥ 2 A AL/, v LA Ak
R AT SR 4548 (18] 8)

3 i 1l

PUERER E, t
- \l-_ E,
E, _|
< TN " Bi,0,

WA €

=

BiOI

B 8 Bi,O,/BiOl 5 5145 5t i 1L B % U ER = AL I &
Fig.8 Photocatalytic mechanism scheme of
Bi, O, /BIiOI heterostructures degradation tetracycline

3 i #

AT 5E DA 2 6 3R IR 19 7 3kl 45 T Bi, O, /BiOl
FEIE S 3 25 6 p A b1 B T T 0 A= 3 AR 7 5 K v
R E MR R 56 45 R R L Bi, O, /BiOl BB 7 i
SECAE AL B REXS DU PR A B AP AR BE ) &0t 2 h
JefE b B R, 10 mg/L DU IR E M B R R A
92.4 % H— A H R 0.018 59 min ', H A
RGP T Bi, O, 30 BiOT #— 41 BE 4 6 A 1k 7%
PE. XPS 45 5 % ., BIOI 5 Bi, O, JB Wl 5 & 4%
Bi, O, /BiOl Z Mt R i 745 4 RE /N BT R
1Y H 45 A RS L X 5 HTTE Bi, O, #1 BiOT 19 #
PR R -3, AmBEERRRED, R R
MR R BEE AmEC O, 5% 70h) R
B A A AR ] . T R R R T AR A R SR
WA H FL AT B T 5 0 45 18 2 R g ML ok o A
INERIE S LS oA T 5 A U R S A S
TS U485 58 A AN [R) L 76 N L 3 L Re i 2 il R
AL EMET . BIOT H il B a6 5 Bi, O, #r
A 7GR A E AL TC FH A P28 G ) A T
B, TifE Bi,O, iS4 (CB) Al BiOT i #r 417 (VB) 1,
DR 18 0 2R L AR RE SR 1 23 R AR B
Tk X BB B R Ok 1 23 - HL - ) 4R A R
A H R Y EUGRE T FLA R RE 7 L A5 AU 3 i
A AR BEAT . AS B 9% 36 IR O 55 5 45 o0 A ) T (R
B S AP S R Sl BRI L R R R R
AR 14 28 7 O AR R AR kAR



%6

TG 45 BB S LS Bi, O, /BiOT [ 5 B B A 10 3R 3 (1 Ll B 5% 89

£ Z it References

[1]

2]

(3]

[4]

(6]

7]

[8]

9]

Tk ICTE . BHER L K B . BiFeO, 7T I B [ 16 b 3T 7 i & 1% f
HEMBFELI].) ML, 2020, 45(6) . 30-35.ZHANG Y L,
WEI C, SHENG G S. Degradation of tetracycline by BiFeO,
visible light activated persulfate [ ] ]. Guangzhou chemistry,
2020,45(6) :30-35(in Chinese with English abstract).

TANG L,ZENG G M, SHEN G L, et al. Rapid detection of
picloram in agricultural field samples using a disposable immu-
nomembrane-based electrochemical sensor[ J]. Environmental
science & technology,2008,42(4):1207-1212.

YANG Z H,XU R,ZHENG Y ,et al.Characterization of extra-
cellular polymeric substances and microbial diversity in anaero-
bic co-digestion reactor treated sewage sludge with fat, oil,
grease[ J ].Bioresource technology.2016,212:164-173.

GAO L H,SHIY L,LIW H,et al.Occurrence of antibiotics in
eight sewage treatment plants in Beijing, China[ ] ]. Chemo-
sphere,2012,86(6) :665-671.

LIU X H,LU S Y,GUO W,et al. Antibiotics in the aquatic en-
vironments:a review of lakes,China[ J].Science of the total en-
vironment,2018,627:1195-1208.

FR SO R A &R . UI0-66/BiVO, 5 A 64 AL 7 B 1
o R X IR R B[], o SRR 2, 2021, 41(3) : 1162-
1171.Q1 Y W,WEI L. H,SHI D N,et al.Preparation of UiO-
66/BiVO, composite photocatalyst and its photodegradation of
tetracycline[ J J. China environmental science, 2021, 41 (3):
1162-1171(in Chinese with English abstract).
SRR JR R L PR oD DO 3R B S B A R T Y A # B R B A
JELI] BB TR AR %M, 2021,11(3):571-581. ZHAN H Y,
ZHOU Q X.Research progress on treatment technology of tet-
racycline antibiotics pollution in the environment[ J].Journal of
environmental engineering technology,2021,11(3) :571-581(in
Chinese with English abstract).

RS SE B, BRE AR, A5 DU PR 2P A R IR AT O B R
REPERTFEHE R [T 1. 30 58 TR R 2742, 2021, 11 (2) : 314-324.
AO M M,WEI J,CHEN Z L,et al.Research progress on envi-
ronmental behaviors and ecotoxicity of tetracycline antibiotics
[J].Journal of environmental engineering technology,2021,11
(2):314-324(in Chinese with English abstract).

BB BN, B0, 55 R AURRENR DBD 45 B 1 1 2 BR K
KR R[], B 8 TR 4 4, 2020, 14 (2) : 359-371.CUT Y
Q,CHENG J S,JI H F, et al. Removal of tetracycline from
wastewater by atmospheric pressure falling film dielectric barrier
discharge plasmal J].Chinese journal of environmental engineering.,

2020,14(2) :359-371(in Chinese with English abstract).

[10] R E R, Ja o 205 3CE o 55 e 051 3ek 160 A 380 X6 75 90 o D0 35 3% R fie

Fe K B R IT R WA B S M (0] 3R TR 2% 41, 2019, 13(12)
2990-2997. WU Y F,JU J,FU W H.,et al.Effect of earthworm

swallowing on the tetracycline degradation and accumulation of

macro-mineral element in sewage sludge[ J].Chinese journal of
environmental engineering, 2019, 13(12):2990-2997 (in Chi-

nese with English abstract).

[11] i3t , 469 . 24, 5. 1L/ GO/88 A By il 45 B i /U 3 % Y

T AL R R Ak B L) ], PR 58 T 22 2% 4, 2021, 15(6) : 1862-1872.
CHEN H Y,HUA T,LI D M, et al.Synthesis of IL/GO/88A
and its photocatalytic degradation performance for tetracycline
[J]. Chinese journal of environmental engineering, 2021, 15

(6):1862-1872(in Chinese with English abstract).

[12] XU Q L,ZHANG L Y,CHENG B, et al.S-Scheme heterojunc-

tion photocatalyst[ J].Chem,2020,6(7) :1543-1559.

[13] WANG J,WANG G H,CHENG B,et al.Sulfur-doped g-C;N, /

TiO, S-scheme heterojunction photocatalyst for Congo Red
photodegradation[ ] ].Chinese journal of catalysis.2021,42(1):
56-68.

[14] EaHe , gkt Je, 2 74 55, 25 BiOT/BiOBr 5 5t 45 i 16 37 19 ) 4%

FotpEA B fg 2 FF] BLI ] ARt Rl R %22 4, 2021, 40(3)
187-194. TAN H Y.ZHANG S L.,WU D Y,et al. Preparation
of BiOI/BiOBr heterojunction catalyst and its photocatalytic
degradation of rhodamine B[ ]J].Journal of Huazhong Agricul-
tural University,2021,40(3) :187-194(in Chinese with English

abstract).

C15] hoR 2 o A 30 A 5 1 41 Bl O i A B4 R A BT St R ().

o [ B R 8L 2017, 36 (1):17-24.39. HE R A, CAO A W,
YU J G.Recent advances on bismuth oxyiodide photocatalysts
[J].Materials China, 2017,36(1):17-24, 39 (in Chinese with

English abstract).

C16] AL 55 AR 2 55 A B0 D't i Al B RLBIF 52 R R () ). A1 Ak

A ,2021,28(2):72-73.DU G Y, LIN C,XI J N.Advances in
photocatalytic materials of BiOI[ ] ]. Petrochemical industry
technology, 2021, 28 (2):72-73 (in Chinese with English ab-

stract).

(177 BESC2%, W aE, £ 0%, 5. 2R MIEHR B-Bi,0,/BIOCOOH

(18]

[19] ET#5, X135 1

S A Al R Y s B H O i Ak R LU 1. B OREBIF 5T 4R
2020,34(4):311-320.XUE W X, XIE L Y,WANG W J,et al.
Preparation and photocatalytic properties of composite photo-
catalyst §-Bi, O,/BiOCOOH with hierarchical structure [ J].
Chinese journal of materials research,2020,34(4):311-320(in
Chinese with English abstract).

LIU Z,XU X X,FANG ] Z, et al. Microemulsion synthesis,
characterization of bismuth oxyiodine/titanium dioxide hybrid
nanoparticles with outstanding photocatalytic performance un-
der visible light irradiation[ ] ]. Applied surface science, 2012,
258(8):3771-3778.

CEUHHL S A Bi, O, /ZnFe, O, 06 B 1 1 %
Ko FO v Ak B i A WL MR R LD . b VA € 4 R 2 4, 2021,
31(5):1320-1329.WANG Z J,LIU F Y, JIA M,et al.Preparation
and photoelectrochemical property of novel Bi, O,/ZnFe,O, pho-

toanode[ ] ]. The Chinese journal of nonferrous metals,2021,31(5);



90 o Al R R R 5§40 &

1320-1329(in Chinese with English abstract). 2011022[2021-06-19]. https://www.researchgate.net/publica-
[20] HE R,CHEN R,LUO J H,et al.Fabrication of graphene quan- tion/347344106_ Fabrication _of _Graphene Quantum _ Dots _

tum dots modified BiOI/PAN flexible fiber with enhanced pho- Modified_BiOIPAN_Flexible_Fiber_with_Enhanced_Photocat-

tocatalytic activity[ J/OLJ. Acta physico chimica sinica, 2020 alytic_Activity.DOI.:10.3866/PKU. WHXB202011022.

Preparation of Bi,O,/BiOI step-scheme heterojunction

photocatalyst and its degradation mechanism of tetracycline

TAN Haiyan'***,SHI Xinyu',CHENG Xinhua', WU Deyong' ,JJANG Xuechao', HU Weibing'

1.Key Laboratory of Green Manufacturing of Super-light Elastomer Materials of
State Ethnic Affairs Commission ,School of Chemistry and Environmental Engineering ,
Hubei Minzu University s Enshi 445000,China ;
2.Guangxi Key Laboratory of Chemistry and Engineering of Forest Products ,
Guangxi University for Nationalities , Nanning 530006 ,China ;
3.State Key Laboratory of Advanced Technology for Materials Synthesis and Processing ,
Wuhan University of Technology ,Wuhan 430070,China

Abstract Bi, O, /BiOI step-scheme heterojunction photocatalyst was synthesized with green calcina-
tion method and its degradation ability of tetracycline was investigated. The photocatalytic performance
of the Bi, O, /BiOI heterojunction, Bi, O, and BiOI was compared. The structure and morphology of the
samples were characterized with X- ray diffraction (XRD) , X-ray-photoelectron spectrograph (XPS).The
degradation rate of tetracycline was analyzed with spectrophotometry. The result of calculation showed
that the degradation rate of tetracycline was 92.4% in two hours. The first order kinetic rate constant was
0.018 59 min~'.The result of calculation with density functional theory showed that the work function of
Bi, O, and BiOI was 3.0 eV and 6.0 eV ,respectively. When this step-scheme heterojunction was used as a
photocatalyst,the weaker electrons in the conduction band of BiOI were combined with the weaker holes
in the Bi, O, valence band under the combined effect with built-in electric field and band bending, retai-
ning strong reducing and oxidizing ability of photoelectrons and holes, which may be the reason why
Bi, O, /BiOI step-scheme heterojunction has higher photocatalytic activity.

Keywords step-scheme heterojunction;tetracycline; antibiotic wastewater; photocatalytic degrada-

tion; charge separation; photocatalytic materials; Bi compounds
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