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TR, AT LAU#E Ag,PO, 255, YCIE ) ], RAEISI-KALLIABADI 48!" BF5Y T Ag,PO,/g-C;N,
SEAEAL AR R AR V-3 HU 2502 8198 T Ag,PO,/g-C N, JGHE AL i T L RS MU 3R 25 5 WANG 250 BF 5%
T Ag,PO/g-CN, YL IR % FHIA B, XSRS 25 R, % Ag,PO, 5 g-CN, B4, Al nxf ]
UL WO Rl 7= A B 22 ) 6 A s, AT AR E 56 A F -8 O OR A 43 B RIAG i, 38 PR B 6 AT D,
FERIW I, (13 Ag,PO,/g-CN, I SEAMEL IR PEIR T —19 ¢-C N, AARFSEE K3, Aotk R m
AN B9 A 88 A0 BB 5 45 (CNQDs) ] DL S o fe v gt Rk, AifF9E FIFH CNQDs i
— B i Ag,PO/g-CN, & & MR, SR FH ¥ 77 #8006 A0 I 07 I 38 1k i & T — R 9K 6] i &2 H i
CNQDs/Ag,PO,/g-C.N, Z & #1 8l ; lid XRD, SEM. FT-IR, XPS., TEM. BET 443 #fr FBLRAE T 44
BRI AT EERE | O A B A2 N A s AL, B ER T X SR A A b R i BPA DG A A IS PR IR
FEME . ETIE YA RO TR A, DU O &R RO A Ak R RN ST U A R R T IR RS
1 MR57F%

1.1 LWRAFIENE

WA ZRER . IR . BERR S (B 25 B 2E OGN A BR A R AR AR (9 R H 2
RANABRATF); TAKOEE ., SEE ., £ WO . BT R E B & BA RAFD;
ToK BB, SR AR OB 28 ROk A R0 A BR 2\ 5 S ABThr TR A R A Al BiR S50
255 e, SEER K i aligk .

IR s X STLAT S (D/Max 2500, HASFE2E\ 0] XGF4OG L F il (K-Alpha, 3EEFEB K
NFD); RS T BB JSM-6610LV, H AHL T #RaX & ft); A €% - 5 B A 42 (7980B-5977,
% E LA RHEA RA ;&5 PEE S F B 58 (Tecnai G2F20, 22 [E FEL /A H); A H A8 21
AT AL (Nicolet 380, 3 [E Thermo A ); bR F-FLFE 4 H1{L (NOVA-2200c, 3 [E Quantachrome
N AR 3 (ATL-1260, 352 EESRHE A FRA ).

1.2 #MREE

K ZRIB R £ g-CN, s 8 = R S IR Igbe, DL S Comin' B9 3HUE THE = 520 C,
TR 4 hy RS THE 2 550 CC, P 3 h; BFEE 0, A5 BIIR B A BRI R e-CN,, ARiEH CN. HX
2 g Hil &L Bk ¢-CN,, IPAGE TR FlAn BRIk, A 1S 20 h J, VEIREOR DA LBRIR, T3]
HEW g-CN, K Ao B g-CN, 9K A 1 g T 70 mL B4k, #EA 01 h 5 58 2 W R R N &,
200 °C R 10 h, 52| CNQDs %

R F IS OB A 35 ik il % CNQDs/Ag,PO,/g-CiN,: K g-C;N,, 73 BILFE 8 217K B 75 60 min,
TS PR AR AN R & AW, Bidk 3h e B0 T, 53 ook A6kl Ag,PO/e-CN,, #rid
 ACN. HU1 g i) ACN,” il A 30 mL CNQDs £l 40 mL JC/K £ B, B TR W 484 180 °C F 2 b
24 h, FHEJEHIE =08 &ML F CNQDs/Ag,PO,/g-C;N,, Fric i CACN. i i ik 28 Ag,PO, il g-
CN, BTt A 4 il 35 T — RN E AR, 451 CACN-x(HiH x=10. 20, 30, 40. 50).

1.3 L5 DA%

BU50 mL 10 mg-L™' BPA W T @& . SRJ5 A2 ARG B (0.5 gL, BE
oz ROBAXCH, Je i R 30 min,  FEFF R GUAT DG SNE 120 min, 55 56 38 8 o 78 B 1 Y [ B )
T 5 mL VES RS E 2 mL IR IREE S, 89 0.22 pm K R BRI DS AR S W, i o s ROR A
T BPA M5% BB o 6 RN 25 oRUR I R AR AR R R, YRR B DT, R TSR S
2 #HR512
2.1 HELFIRAE

1) XRD 437 & 1(a) & W, g-CN, A i F 12.8°F1 27.3°0 2 AN FEAE W, 43 3 %) 7 4l 2801k ik 1)
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(100) A1 (002) 1 (PDF 78-1747)'81, & 1(d) A « Ag,PO,
4fi Ag,PO, 1 XRD &l H: i it 47 117 5 g i) o7 #g-CN,
R X 58 B2 4B W1 LA UE Ja& Ay 37+ e 1 3 1) o 1D Ag,PO,
F#AF 1% (PDF 70-0702)™, 7£ & 1(b) &l 1(c) —— l N1 VWP LA
ff) ACN FIl CACN ¥ HIL T ¢-C,N, Hl Ag,PO, [ TR MJ MG -
gt , W E LT 25, HeAh, WA | ol ACN
o B At 4y 5 A i 04 X B AgyPO, I T -
H B A g-CN, ET, L CNQDs Fg i A %A s wCN,
S BRI 45 4 Z 18 R A Ak 2 BN A A 1'0"" > ;’0 AR T
Yy, ORE S 0 ARG R AR 20/°)

2) SEM 73 #1 . i [&l 2(a) FIIK 2(b) AT %01, g- 1 g-C,N,s. ACN. CACNH Ag,PO, f) XRD [&]jf

CN, R | ZAR B RSG5, Ag,PO, Fig. 1 XRD patterns of g-C;N,, CAN, CACN and Ag,PO,
SIS B BRCR BORL S5 4, ELAR 2R 100~
500 nm, UL BT ARG E IS . BB 2(c) AT LA ), BETR AR UKL O 28 34 50 7 55 R A A 1
Fait b, HEFRRAR M EA /D T Ak, SFRRPN I At KLl k=, T
CNQDs RSF# /N, ##E TEM B A e g2 2]

(c) ACN (d) CACN

2 g-C,N,. Ag,PO,. ACN #1 CACN HJ SEM
Fig.2 SEM images of g-C;N,. Ag,PO,. ACN and CACN

3) TEM 438 MIE 3 AT LLE Y, CNQDs B 44 3~7 nm, H7EW R 40 fi 514, CNQDs
HRTEM & 1 i /R i AN A g S a0 A TR, A& I BESh 0.334 nm, 5 ALk i £ 5079 (002)
FIR—3 JCPDS87-1526)"**", Hj CACN [ TEM K[ 7] LI 2] CNQDs Hil Ag,PO, C 5] 7E g-CN, I

4)FTIR 23 Hr. I8 4 0l 41, 7T 558 em ™' A1 1015 em ™' 4b i 2 ANERAE I, T8 15 P-O #9145
PRah A P, 7E 808 em ™! Ak AR M IS I K PR T g-CoN, Y s- =R IR IR AR 3, 7 F 1241 cm ™' AbAY
WISk [ F C—N PREERY AR R 3, 76 1321, 1461 Al 1574 e 4 AW K I F C—N—C 1
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(a) CNQDs TEM[A] (b) CNQDs TEMI& '

(¢) CNQDs HRTEM| (d) CACN TEM[

Bl 3 CNQDs # CACN &) TEM [EiZ
Fig. 3 TEM images of CNQDs and CACN

495, 11638 em™ AbAYFFIEE R B C—=N CACN

— O-H |
UUHE B i 5 4R BP0, DL i e 2 AAIE T N\ /\ /
CACNE A BB il 4 . —_ AN T
5) XPS /2 H7 . [l 5(a) & # Ag. C. N, aapo, /
O M PEJLE, JF H AR 2] HALIT R A7 -\ /—\“"\[\
S Nty \" CN /P-E
fEo B 5(b) 1 Ag TR A 2 AN HRAEIE Ag3ds, Al —~—
Ag3d,,, 4EARE BN 368.16 eV M1374.15eV, o
FW Ag TR B Ag A TE A MR, 4000 3500 3000 2500 2000 1500 1000 500
HiE 5(c) i Cls ERERT L, 455 Hef T 284.85eV eifom

F1288.17 eV [ 2 4~ F 14335 C—C/C—N—C/ 4 g-C,N,. Ag,PO,. ACN #l CACN HJ FT-IR & i
C—H UK C—(N); BRI 425 A 5(d) Fig. 4 FT-IR spectra of g-C;N,, Ag,PO,, ACN and CACN
FIHL, Nis BI454 68439875 eV IURHEIE T LA F C—N=C H eI AR, S5iaRefiT 400.72 eV
() P AR W AT 2 5 N—(C), A TEA LB, Qi 5(e) s, Ols By 24400, —Ab45 G el T
530.56 eV MK T Ag,PO, Y O, ) A —Ab 455 BE 532.15 eV I K T —OH H g
P, 1EW] CNQDs A7 75 32 B2 AR B AT, &1 5(f) v P2p Y L L 3E IX B 135 b i FR R 0 HOA 14,
HEEGHe7E 133.29 eV, 5 3CHk i 2k PO, PSRRI (4 7 B AW A7, LA b XPS FAELE R %
B], CACNE M HEE MG .
6) BET 70 Il 6 il LA, EIfhih i@ &IV BSR4, X 5 P fL A By 45—
., mEIATW, ¢CN,. AgPO,. ACN Fl CACN [ kb 2 i L4 % & 28.301, 9.641., 105.190,
117.759 m*g ', 4l g-C;N, 1Y e R T AR /N, BRI AR 1Y i ATEAR KRR BE 38 hm 1 & AL B b BH Y b 3R
., 151 A CNQDs J5, #HELT ACN, CACN [ RGN 1 1.2 /%, (HALE B RCA Brisi/)
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Fig. 5° XPS spectra of CACN

X A] BB H T CNQDs A5 T BH ZE 200 1807
PR ARSI, RE SR HE RO IR AL B AR 150
SO, TP 4505 5 4 BRI YA 7 .
7) SRR S8 o L 7T R T 5
HEAL A RHE AT UL A28 Ah DX SRR e 3 R 4 1Y = %
WG M RE . g-CN, 1 WU i1 % 7E 470 nm 4b § 60
Ag,PO, I W W i1 2% 7F 540 nm 4b . A L T4l g- 0
C;N, Fl ACN, CACN By 5t mz g i 61 38 58, e
B Jlsaaisas
22 PEMAZET BPA BERESR PIP,
H1 P8 TR AR B AR ), A AT 6 N, TR B -F B 38 2 (]
WICHES T, BPA MJE JL-F AL, H A 7 Fig. 6 N, adsorption-desorption isotherms
R AL LA 220 o fh 5] 8(a) WTRD, AIA T CNQDs 1 TEMEMEERER, LE. LS
Z J&, 60'min J CACN Xt BPA 1 £ 5 % 1] 14 Table 1  Specific surface area, pore size and capacity of
3 100%., [&— At i g-C;N,. Ag,PO, Fl ACN %f different materials
BPA [ #8453 3N 12.91% . 47.84% F1 72.84%. i HEREBY(m>g")  fliEmm  fLABY(em’ g™
H K 8(b) " A, & CACN-104h, =Jo&E &4 g-C;N, 28.301 16.694 0.042
A CACN-x(x=20. 30, 40. 50)60 min NX} BPA Ag;PO, 9.641 20.852 0.036
(1 B i 2R 53 5 100% ., 98.55%. 90.30%.,  ACN 105.190 18.637 0211

86.71%, J%J% 120 min J& AR 45 100%, CACN 117.759 18.446 0.247
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i B CNQDs B9 I A AT LA Sk B B Rt B 22 3

B, SRR e A i ]
23 REEER BPA BRHROHN A ALPO/ECN,
I 9a) 1T LA Hi L 24 pH O 30, Ot T W,

120 min J& BPA 1) £ Bk % N 57.63%; Bl #& pH
BT, AR R X BPA [ R A 550 R A B
HEsR, 4 pH O 11 B BRSO 4, 90 min 36
) 100%. XA RESE Ny, FEBMESMET, B

T a3 Ok ¥ By 4 3K OH 1Y |, 1~ 17 A= 1 -OH., 350 400 450 500 550 | 600 650
MIE o) FTLLE Y, HfEfeiHomiEh 0.2 g L™ W Ko /nm

Bz 05 gL', XF BPA MY % BR R 0.5 7 g-CN, Ag,PO, ACNFI CACN #j UV-vis [EiZ
g.Lfl BEHNE] 1.0 g.Lfl’ %T BPA 2= % %= 1] 35 3| Fig. 7 UV-vis spectra of g-C;N,, Ag,PO,, ACN, and CACN
100%. 4 {1k 7] 4% I = 8 IR, Jo % 4 BPA

Wok Ao 41 AL 2 008 %) S I 3% 1 7 5 B R AR TR A B I, TR O B 2 TR IR A 3 T
i HE9) AT LAE 1, X BPAW IR BT Wl /3 o 5, 10, 20, 40 mg'L™' B, )W 120 min
J& . BPA [R50 100% ., 100%. 81.02% 1 55.46%. BPA ) Uf 5 & 1 B AIG , 6 1k A i ok
WIRE . & o) AT LA, 240 A S8 4351 . 3004 400 F1 500 W I, S W 90 min)5, Xf BPA [%

1.0 1.0 ~
0.8 0.8 F
0.6 - 0.6 -
o Sy
O 04} O 04}
: ﬂ%ﬁkxu —=—CACN-10
—o— g
—e— CACN-20
0.2 |—4— AgJ’O4 02t _a CACN-30
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o [ 48P0 /g-C.N, o L —*—CACN-50
+ CNQDS/Ag PO /g-C.N, i
—30 0 30 60 90 120 -30 0 30 60 90 120
[+ [6]/min [} ] /min
(a) ARIEAL RN BPAREARECR (b) [R5 H A CACN X BPA R figg sk 51
0.06 0.06

— B 12 B min!

CN ‘ CNQDs/CN Ag,PO, ACN CAC CACN-10 CACN-20CACN-30 CACN-40 CACN-50
PR 24 PR HEALF 2455
(c) R — BB J1 285 8 (d) A2 I CACNI —R 3h F12 5 5

8 AEMEM T ZR T BPA FEREIIR A XS EE
Fig. 8 Comparison of BPA degradation by different catalyst systems
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fi [1]/min s} [6]/min
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Fig.9 Effect of different factors on BPA degradation effect

53 R 75.02% . 91.54% Fi 100% .. 3% 2 X A O BE S B sy, 25 DG A Ak R 26 T i HEL -2 O
MWz, BEMACREME, JCMILRER BT,
24 RECHBNT KEMREMN

FESZ RN AR B AR D R e e B e, B 10() ITRAE W, E40d T 30 min
[ B SN AT 120 min (96 RN Z 5, BPA B AL3ETT LUK B 49.7%, X R WIA 49.7% 1) BPA # 5¢ 4
Al —E AR FUK o AN, XTAEBEERAR . ACN A1 CACN-20 #4706 MEAL TR A L 50 (K 10(b)). Zeid
5 A I 75 CACN-20 5 4 6 HE AL 4 BE XF BPA Y [ 1 R AT SR A% 5 78 79.86% (55 1 1K [ fit K Ny
100%); ACN ZE 8, 55.7% (56 2 IRBEf# R0 90.9%); 4li Ag,PO, T &% 28.05%(5F 1 K IEMEFR N 67.32%).
DL 2553, CACN-20 &2 & M B 55 i St e P i ml =1 2 0 4 .
2.5 RIERNIESH

SRV M W P A A LTS G ) e AR i rh ol A A B PE R . o ik B R TR (BZQ).
AT B (t-BuOH) Fl1 £ —Jie U £ 1% — 4 (EDTA-2Na) 1 ) 24k A Hi 4k ((OH), ALY At 2k (10,) Al
25 () BYVE R T, R A BE X R 5 mmol- L' MILACA [R] ) Fh 3578 X BPA [ A R0 SR 10 52 i)
WE TR, R A E, ANEINEKFIE, BPA I LB 0] LLis F] 100%; il A t+-BuOH J5
BPA L[ K 80.57%, FW] t-BuOH 7F— & 2B LM T BPA BOGM MR #2; ¥ in BZQ Ml EDTA-
2Na i, BPA B9 2B FAUH 7.50% F1 18.36%, X FH -0, . h#f e RERE RN EEY A, DL L4
SRR, TEJCMEILRE AR BPA 572 b i M 4 F (9 SRS -0, >h"™>-OH.,
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50 - 49.7% 100 ey _ [ CACN-20
il PRI

40t 80 — —
;\i 30l 30.19 % ;i_ 60 N % \
: / ¥ N
é 2} % e 40 N N

1 ?

/
0 0 30 60 120 0 i/ 2 3 4 5
B8] /min THER AR
(a) BPAIW#{L3 (b) Sl Al FR e PS5

10 BPA W {LERMEEATIREMER
Fig. 10 Mineralization rate of the BPA and photocatalyst stability experiment
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WL 12a) T L A G 3 Al b ol
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RSO 3 - BT A (GC-MS) Xt Fig. 11 Influence of BPA degradation by different
1t 1L B fit BPA o #2 1 A (8] 7= ) 3E 47 & 1 4 radical scavengers
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Fig. 12 EIS and transient photocurrent response of different catalysts
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Pr, @5 NIST 17.1 5§ EXF L, B E T LAk %2 BPA REfRARE =4

AR P ) PR (3 2). ARHE GC-MS 12 45 5 Table 2 BPA degradation intermediates

PLR A i B SR 2528, 4R I A AL B 4 B el i
i A2 BPA I A B i i AR (18] 13): H—, ! 45t P CoHO 134
BPA 4 W B 21 6 i AL K 1T, -OH #1 h'Al LATK 2 FEAE-2- A CH,0, 7 135
il BPA 11 C-C # A 1 4-5% N R OK By, AR5 3 23,5 = ROk ol 207
Hh ] 7 ) O, AR A AR R A T R R 4 TN Gty 120
FHAM R 48R TR, e Ao — S ALk 5 T Cubay 85
K HZ, WYL AT UL 0K BPA JT 6 MG CGHO, 206
W, PR ek, f AR AR 7 SRR Cully 86
HK .
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0O O CH
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J l CH, l
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( CH, CH, )
I
CO,+H,0

13 BPA W REHISL W R Z
Fig. 13 ' Possible photocatalytic degradation pathways of BPA

1) 51 A CNQDs NMYE A A g-C,N, 1 Ag,PO, ¥4k E i, HEA KR, 68 RN
PR 20 PO AT, BB SO RO B T A B AR

2) = I0E AL F] CNQDs/Ag,PO,/g-C,N, ¥ BPA [ 2B R 7E 60 min P 7] 35 F 100%, 43510
g-C;N, 19 7.74 15 . AgiPO, 1 2.09 5 % Ag,PO,/g-C;N, ") 1.38 %, #H {b3ikE]49.7%, HAGHAMHH 5K
J& % BPA 1 L bR A4 79.86%

3)CNQDs/Ag,PO,/g-C N, YelfblEfE BPA (RN 2R : pH R 11, 55k E R Smg L™,
AL a1 g L7 SEIEGR B 500 Wo S A B A2 A% b 20 T6 Y Bl -0, AT h . R
A 2Fh I e 1) BPA [ BE 12 . — & BPAJR AL NI ALY, B Zf kAo, —&
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Preparation of CNQDs/Ag,PO,/g-C;N, composite photocatalyst and its
degradation performance of bisphenol A

WU Qian, YU Qinqin, DAI Youzhi®

School of Environment and Resources, Xiangtan University, Xiangtan 411100, China

*Corresponding author, E-mail: daiyouzhi202@163.com

Abstract The CNQDs/Ag,PO,/g-C;N, ternary composite photocatalyst was prepared by solvothermal method
and in-situ precipitation method, and it was characterized by SEM, TEM, XRD, FT-IR, XPS, BET and other
ways; BPA was the target pollutant, the effects of factors such as pH, BPA concentration, catalyst dosage and
light intensity on BPA removal were investigated; at the same time, the mechanism of photocatalytic
degradation of BPA by the ternary composite catalyst was discussed. The results showed that 100% removal rate
of BPA occurred in 60 minutes after CNQDs/Ag,PO,/g-C,N, photocatalytic degradation, which was 7.74 times
of g-C;N,, 2.09 times of Ag,PO,.and 1.38 times of Ag,PO,/g-C,N,, respectively. The optimal reaction conditions
for photocatalytic degradation of BPA were following: pH 11, BPA concentration of 5 mg-L™', catalyst dosage
of 1 gL, and light intensity of 500 W. In the process of photocatalytic degradation of BPA, the main reactive
species are ‘O, and h™. Based on the detection results of intermediate products in the reaction process by GC-
MS, two possible degradation paths of BPA were inferred, one was that BPA first transformed into monocyclic
organic matter, then'into CO, and 'H,O, the other one was BPA transformed into simple alkane through direct
ring opening reaction, then were oxidized into CO, and H,O.

Keywords - CNQDs/Ag,PO,/g-C,N,; photocatalytsis; bisphenol A; wastewater treatment
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