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pg-C.N, /BiOBr/Ag £ & #1 #1189 5l & B B ¢ 18 1k P& %
i e FR I

B, XIE?, BYIE, R’ , sAamT, FtR?, T3P
(1. KZERFENE TR, V52 710000; 2. FEFRERADIZIEE, JL5T 100012)
FEEE . A 5 1 iR AR b AN AL UTIE J vk U i 45t pg-CyN,/BiOBr/Ag &2 &1 £}, il i XRD, SEM, TEM, XPS, UV-Vis,
BET FH%G A it S50 T Be X L E AT RAT IR SR TR E G P RHERCIL ] WG IR T X 10 me- L ™" 8 il PP e (1) B8 A . 25
SRR, AR 0 67 R LB 5% B, pg-C, N, /BiOBr/ Ag 52 A A X i R IR i) R A B8R e 55 pe-C, N, | BiOBr BRI
TICE AR pe-C,N,/BiOBr # L, pg-C,N,/BiOBr/ Ag (5% ) Y HE A I A itk Fie P el A 208 1% 8 S5 42 T, 76 30 min PP R LT
FET 100%, ST R H%0(0. 210 1 min ') f& pg-C,N,/BiOBr Y 13. 15 %, ilad H i 2B K SL86 | IE e G AL Bt ad A2 o | i
FEAEHMNEEYTUZRE (W) A H (-0, ) FIREERA(0,), Hrh M A M (-0, ) STHE K. X pg-C,N,/
BiOBr/ Ag #F4T ZAGA L5, UE B G A BL LA BRI RS R e M Re , B R 5 R4

SRSBIA . AN TR s Jefiifh SRR TRAULEL; et
hESES, X703. 1 XEFRRE. A XEHS. 0250-3301(2021)06-2896-12  DOI; 10.13227/j.|hjkx. 202009213 ¢ ‘.w.‘u-' ]

Preparation of pg-C,N,/BiOBr/ Ag Composite and Photocatalytlc Degradat;on of

Sulfamethoxazole o ey
YANG Li-wei', LIU Ll—Jun 2 XIA Xun—fengz' , ZHU Jian-chao® , ‘GAO Sheng;wal}gz* , WANG I—‘I'ong—],ian;gz,
WANG Shu- plng ,"'. 3 g i;.«-';‘_ v - ) ¢ : -
(1. Collf‘ge of Clml En'vineerinv Changlan JUniversity, uXi’an 710000, China; 2. Chinese Research Academy of Erfvironmen;al"al
Sciences | Beijirlg 100012, China) / Y 4 gy / 2 P VA

Abstract; A pg-C,N, /BiOBr/ Ag composite |yas succes‘sfully prepared by simple Fllgh -temperature calcination and co- prec1p1tat10n
methgﬂs The composite was characterized by means/of XRD, SEM, 'TEM, XPS, UV-Vis, BET, and photocurrent analyses alongside
otliér fletettion methods, ‘and the degradation of 10 mg(, ! bulfdme‘thOXdzole was investigated under simulated visible light irradiation.
The resultsishowed that the pg-C;N,/BiOBr/ Ag compositeshiad™ the best degradation effect on sulfamethoxazole when the loading ratio of
silver was 5% Compared with pg-C;N,, BiOBr monomer, and pg-C;N,/BiOBr composite, the photocatalytic degradation effect of the
pg-C3N47BiOBr/Ag (5% ) was significantly improved, and the degradation rate was almost 100% within 30 min. The reaction rate
constant (0.210 16 min~") was 13. 15 times that of pg-C,;N,/BiOBr. Through radical quenching experiments, it was shown that the
main active substances in the photocatalytic degradation were holes (h* ), superoxide radicals ( -0, ), and singlet oxygen ('0,),
among which superoxide radicals (-0, ) contributed the most. Cyclic tests of pg-C;N,/BiOBr/Ag showed that the synthesized material
has good recyclability and application prospects.

Key words : sulfamethoxazole ; photocatalytic; carbon nitride; BiOBr; Ag
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Tl L S 58 6 T T R 1Y B 4 A B
AR A BRI R IIRE , AL A SR
TR, FRTE B 1 Tk R 2 O e
RER 5 AU A 2T B9 Tt ER et
PR T A8 58 1 95 LR FH I 40 B A
FA O A A T i — B R R,
M R T B, 5 O REA R R
AR TS FRL 4R 3 25 7L 0 19 16 0 5 43
SRHLEME I BIACR ( HE. AR B R R —
Bl e S PR S 0 A U RO A
BT, FOTA A 1 AL A | AL RRE |
TAEICH RIS 153, A T KB 283 P g
AR A2 —. (EUE BULBR th A7 76 2 2
FOEL A | R ITBUIN X AT IR FSE A
FRA LR O A BTN AL BR AR ET TRt
ARRIREA | EWEET | SRR
POVLIR 1) 265 A0 0 T i A AU BB B T
PERIFFE 19 T (874 bR R A 0 2 B
TR -CoNG pgdCoN, ) h B iR 8 ST i
— S pglC N DLEERERE ) S
[ ARTRGCR R AB B T B K 1 pe-

Merck fb2FiR A PR A S ALEL (TiO, ) I H 1
[ B 7).

1.2 e R A

1.2.1  pg-C;N, %

ARSI R FH e IR BB 0 7 T i 45 g-CoN, , H O
PRI R = 2R U & T3 M SR 5 K 3 1 o
i BT R 5 g ) IR D 10°C -
min ", YGIREETFZE 550°C PRSI IR 4 b, R DA
W E ARV H) & S RS MR IR AR 7S 43
RIS 5 30 8 040 ik R B R o-Co N, K 15 3 Y
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BT SRR R pg-CN,.
1.2.2  pg-C;N,/BiOBr (il £ y

FRULS mmol (2. 425 g) i Tk 45 il B v - e
BRH SRIG A A0 mL. £ 4GB R 5 Tk 4
MR TE A UL A WL 46— B pgfC N, Al
5 mmol (0. 6 g) KBr & T 53— B8 b h I il A_40 4nl
gl/k Sl 2 KBr 78 T M0 B AT 1 & TR
G E F RO AT B I A IR AR
R TR AR 3 n SEE R
BRI 5 ST Sk P 2 B O 350 Ji
BT 80°C MEAR LT S B 1y Y BRI A pe-Cy N,/

CoNY AVBIQB, — 5 S , [ SR FH G B A5 07 BiOBr fir 44 60y peB. S Ry i, &8I T 6%

W Al BB R T, TR ) A s
pg-C,N,/BiOBr/Ag & & kB, LI 6 Me W e o
(SMX) S F 5 I 4y , 3 3 e A SMIX SR BF 9 37 10 42
B BE B AL P R R AR (7 B 32568 Ak 15 5
U, T 55 6 A1 b £ 7 AL A 17
VL.
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1.1 S5

ARSI R O R el Hee o s bt
itk Jiiz FFY sk ( €, H,, N5 0,S) Fil EDTA-2Na It [ 75 #%
BB Y ( 1) o A RA R = REM, Rk
(HCl) , TL/K A MRS [ Bi (NO, ), -5H,0], & B
(C,HO, )., MW 1k # (KBr), T /K & B
(CH,CH,0H ), & % fk &4 ( NaOH ). fi§ i@
(KNO,) . TRERE 4N (NaHCO, ) . PLIRIMAR . S5 7 B
[(CH,),CHOH ], & & fL #1 (NaN,), & W
(CH,COOH) Al FR 4R ( AgNO, ) W [ [ 24 5 A fk 2
IRAAG PR AALE (NaCl) 1 [ db stfk 2 Tk 4
A BR 52 4E 28 R JCKBRER 94 ( Na, SO, ) 1 H L i JP
RS A A AN A BR A H. 2 (CH,CN) W [ 18 =

& # 8 pg-C,N,/BiOBr Fl BiOBr #1%}.
1.2.3 pg-C,N,/BiOBr/Ag F il &

ARG SR R AL T UE 09 5 ¥ A B pe-Co N,/
BiOBr/Ag A MEL HIEFRIL 0.5 ¢ I 0B & #
#} pg-C;N,/BiOBr LA F] 4 ASA R 25 ImA
25 mL 2K BEFEEI ) B 23 A 25 mL A [R] €
JE ) AgNO, /KW, BT WG TP 30 min J57E T
AYULETR S IR e B0 TR UE AL TS 2
AL R 1%, 5%, 10% F1 15% W92 A b
B, 7E X B BT 4 N 1% -pgBA . 5% -pgBA |
10% -pgBA #1 15% -pgBA.
1.3 DGR A FRAE

ARSI R X G2 AT 5t ( X-ray diffraction,
XRD ) R I HrRT R S AR 254G 43 B 7 O ( X-
ray spectrometer , SEM ) > XA YY) ot 2 11 ) THOULIE 3,
5 51 H 7 5 AUBE (transmission electron microscopy,
TEM) >R 73R RE B 254, I B IS X4
AEIG Y (energy dispersive X-ray spectroscopy , EDS) 4%
B, TR TCERAERE il B AT #EAT SR AR, X T2k
HLFHE 1% ( X-ray photoelectron spectroscopy , XPS) 3
AP FHINRE S AL A S5 FIC R M S5 A RS HL
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£ hhon] UL Kz B 9% 3% ( UV-vis diffuse reflection
spectrum, UV-vis DRS) M5 S 1A A £k 7] 3 6 1
WMk RE, Eb 2R T AR 3 B ( barrerr-Emmett-Teller,
BET)EE?!:E}@J SF AR Y L 2R T RIRE b AL 7 AR
FLAE 1 43 A 0, 't E A e o7 I ( photocurrent
response ) RFAEHL F-25 73 B RO, ML I % A4k
(Electron spin resonance , ESR) 4 M1 A£ 5 76
HEALRE A AR b R 1y Bl
1.4 Sl s Ry 2

FEAEAL R AR SR LA SMX (10 mg-L™") Ky HRYE
ey AE 500 W k] R HEAT, Al G 420 nm 9856
BT DS K —E DRV A EHE T 50
mL A BB P A 50 mL B AR5 Y ¥ A G
T B OO RO, 7 R I AR S T 14 30
min DLk 2 W R WS-, SRS 3T T A48, T WO it
T3 IR SO TEREAS A R i R v ] —
RS 2 32 BBCAN ) P ][] % 09 B2 37 1. 5 mL, 28
0.22 wm %Mﬁﬂﬁﬂiﬁﬁié/\@%d\#ﬁ fﬂﬁ‘i)ﬂﬂ
SMX FHeEE.

ST v P G A €32 N(HPLC){LJmﬁ%H;z
F g i1 W B Eﬂ%ﬂ’]éf&ﬂ:ﬂ%%}%mx
Eclipse XDB- CIS (4 6 mm x 150 mmx’5 Mm) Iiléﬂ
f) 5% B N R LR IR 30°C mhzjﬁﬁykﬁﬁ & i il
0/ 1%9@@3& Wiz 19 R BULL g B v, s URY

ml. mln‘ll %‘ﬁl‘ﬂﬁ{)]ﬂ@{ﬂikj\j 265 nm, #ﬁ% 1-0 i

rL, 'ﬁ[jﬂlkﬂ"“ﬁ]jﬂ?) 10 min.
2 ,n%'—ﬁvh%

2.1 G RIRIESS R
2.1.1 Zeta BLAI53HT

R T RAETH AR R ET R AT T Zeta
HLO 4B, B 1 AT LA ) BiOBr, pg-C;N, . g-C;N,
()& I FEL 340 531 —9.02 ., 40.35 Fl - 11.75 mV,
XL, 20t SRRV AL B 2 )5, o-C,N, #RHR
T LA A28 SR E A 3K 55 Sk 11 ] P A —
B TEBE S IEH, B8 ¢-CN, (pe-
C,N,) 5 5 5717 #H &L a7 (1) BiOBr 45 6, 3 A
T pg-C,N,/BiOBr & & M BT i, DA T 48 e D't i
TRRR.
2.1.2 XRD 437

Bl 2 SR TRDEHEA A B X SR ATGHEEL A
ALV ), pe-Cy N, FRAK AT S AR IR 5 o-C)N,
(IRRIE R A (JCPDS87-1526) A — 3, 7F 13.24° FlI
27. 3°I XS B g-CyN, FRifER B9 (100 ) F1(002) &
1. BiOBr LA ) A7 S 4 AE W 4 5 7 10.9°
25.2°,31.7°,32.2° 39.4° 46.2° 57.1°F176.7°

40 -

30 F

20 F

10

Zetaiifii/mv

0

=10

BiOBr pe-CsNy
El 1 BiOBr, pg-C;N, #1 g-C;N, B Zeta FBZ
Fig. 1 Z-potential of the BiOBr,pg-C;N,, and g-C;N,

2-C3Ny

X BiOBr # i A (JCPDS09-0393 ) (9 (001 ) |
(101), (102), (110), (112), (200), (212) Fi
(310) fmE . 78— JT:EAHﬂ(pr)%HNEJ%Eﬁ
R LA B = TR S5 5 P e 2 R S B g C N,
RESTRFAE 0 STT RE 2 1 T pg-C,N, 1ER T
B’Jtuﬂisu'\#ﬂf’ﬁl‘*%tﬁ%%ﬁtbiﬁaiﬁ’jﬁf’r%
;. 5 Eﬂnﬂﬂ(pr)E’JMQTI?%E{?FHHS i
TR HtWJ%EE’J—EEAMHY‘ 44. 3° Aué’*ﬂaﬁi
R E I 10 Ag $ﬁ%(200)aaﬁ B %Eﬂu%;
i, Fﬁ%ﬁﬁf&tmﬂmi‘m SR IR IE ISR P e b
Jnte1) pe€,N o/ BIOBr/ Ag i 511 K]t 2 3
UL B R 2 S v 5 AT SR PRI TR L AR R

B JE 14 OB 4 R A
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= _’L ) 10%-pgBA
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—~ e e e
- oD 2

(212)
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26/(°)
B2 SefELHEA XRD EE

Fig. 2 XRD spectra of the photocatalytic materials

2.1.3 SEM Fl TEM 43#r

3(a) ~3(c) 43} BiOBr, pg-C;N, H15%-
peB 1Y SEM RAEEUL, Bl 3 (d) ~3(f) 4 5% -pgBA
() SEM FRAFEI5. WERAELEF 0] LIA H, BiOBr &
B 3D TR [ 3 (a) |5 pg-CyN, B
Z 2R REE K [ 1813 (b) 1, (BR BRI R % A
R —Hl, TRAETZ 20 B 3(c) 2~ BiOBr A1
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1155 22 & U, TR AT AR SRR 2 04 28 B 43 A

FH R pe-CoN, #1BE; IEI3(d) ~3(f) [AlFERT

LAt 5% -peBA BHRH 75 5 BiOBr E L H 1)
f 3D B, [ IRF 2 7 T LA O 0 4345 47 4 bR
9 pe-CoN, AR (FR JE0E U] 2 7 th G20 Ag, 55
SR BiOBr BRI HAR i BHG , Ag BT
Uk B R AR —

f Foa TFTH. Fi ™|« e T & .~
4 h'l' ,-"'-f_-" ¢ |I| -:::I | J A I-‘ F,S’ jﬂ%{‘t*ﬂ'*—}m SEM RAE § »"Il F; I* : et --H-ﬁ;
’ o / § ~ 'ﬁfg SEM..'i s of photocatalytic materia L ! 5 ! l . '.'

ot mf:ﬂ’v' Pe 7 .
| | # .|‘ BT - “ o
’

! 4 éj\jalb%z BiOBr pg-C5N, 5% ,FL';;B i 5%-
pg&;) (¥ TEM %%ﬁﬂ@f% RAELS sﬁfi%*mﬁ/*ﬁ

ir)%«‘;?@ﬁ pe-CyN, EH ({5 4 7 BiOBr I+, 5%-
pgBA Eﬁ TEM FU§ B B /INRAR R Ag 55 13
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B4 SeELHE TEM RE
Fig. 4 TEM images of the photocatalytic materials

T2 Br. o Bf C. N flAg 3t 6@%%@%6}

W' I e A A BERE 5% -peBA R T, £ pe-
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