g E2 s Hag g K

I I I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬂ:ﬁi/t\.z

PiZZIE T E S FLx R Hl & K 3T B K
TGP E =R BB I RE

KA, LI, INFAR, KOR, T
(1 LR R A 5 T2 B, Dl 2430005
2. RIR TR R AT BRA ), Ehiill 2430005 3. hEREE AR AT B Hl, S #111 243000)

WE UUSDH MR, — KGR BERRANN SR, S BB & KOH &1, R — Lkl T 290 x
(CPC,); F K I fe T il . 0B -GBS | o8 LI AR 8 21 SR S R X 26 06 F - BB S5 0] e A ek
T3 7 RAE, 5T CPC X+ 3 MG E R WL MHAERE . 25 SR R0, M5 SRR At E R 20 1, 59
CPC, , B H 2 T FRURIARCAL b 2 T FRAY B4 2739 F1 2353 m¥/g, ~EXFLAE 4 3.78 nm; FE LM é A Firhniz, H ¥
BT P—O AR B0 e b L35 AT P ol B B TR0 rh e AU 1 C,—P =0 'H BB % 5t 433113 0.45% F11 37.7%(J%&
IR 453 %0); Langmuir B8 FIEL "2 5)) 7 2= BRI AR TE A7 Hb iR CPC, X uA: 2 (MR BH it 72, CPC, % 175 R IG5
2 W 7255 43 1 1780 1 1122 mgfg, 2B AL S AW S i

KR ZALu; W BRI BiAER

FESES 06473 MHEREE A doi: 10.7503/cjcu20230481
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Abstract P-doped porous carbon (CPC,) was prepared by one-step method with coal tar pitch as carbon, sodium
hypophosphite monohydrate as phosphorus sources and MgO as template coupled with KOH activation. CPC, were
characterized by SEM, BET, FTIR, XPS, and the adsorption properties of porous carbon for oxytetracycline
and chloramphenicol were investigated. When the mass ratio of coal tar pitch to phosphorus source is 2: 1, the BET
results show that the total specific surface area and the microporous specific surface area of as-made CPC,, are 2739
and 2353 m’/g, respectively, and the average pore size is 3.78 nm. The results of FTIR indicate that the phenyl
absorption peak for CPC, is deepened compared to the original carbon, as well as a new stretching vibration peak of
P—O is displayed. The XPS results demonstrate that the P content and the most stable C;—P=0 functional group

content of phosphorus configuration on the surface of carbon materials are 0.45% and 37.7% (molar fraction). The

S H A s 2023-11-20. W5 % H I : 2024-03-13.

R NEA: BRI, 2o, WL, RIEHR, FEENFGURZALRM R T4 Ko ST . E-mail: pingguo2911@sina.com

FGIUH « LR LR B (L 2021B547) R 2 BOs 27T A ARBHADRE0T H GIEHE S K12021A0399)%8 B

Supported by the Anhui Province Postdoctoral Research Project, China(No.2021B547) and the Anhui Provincial Department of Education
Natural Science Research Project, China(No.KJ2021A0399).

Chem. J. Chinese Universities, 2024, 45(4), 20230481 20230481(1/12)



T
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

adsorption process of antibiotics by CPC,; can be better described by Langmuir model and pseudo second-order

kinetic model, and the maximum adsorption capacities of CPC,, for oxytetracycline and chloramphenicol are 1780
and 1122 mg/g, respectively, showing better adsorption performance.

Keywords Porous carbon; Adsorption; Phosphorus doping; Antibiotic

KEZNAAEREGBO™ 5, 201048 EPUAER MBI 2 63151 1, it 2] 2030 4K LA
67% W BERE K, TR B Wyl HE BV | ST AR KRB R B R T B AU K22
FEHL K ) 433k 851 AT 1322 ng/L, Xt A= A PR EE AN Al e v i e i K W fe 3 K= MY
40% F AR R B BT AE 2, 3 80% JLEE PRI S B FBUE R, X P B IRR BRI, syt
PRI IR P A 20 . H BTN B KR B AR 20 vk R AR AR BEE | R e R
PRUORINR B AR IFSE R, DUARA AR A R R R A R B B AT KO %, W, Huang 26125 i H,LPO,
IKPEEG TR, B OSBRIl T M LR AL (1400 mYg) B FLE(89. 9% ) YN, P ALB AR
BE, HAE 318 K I X PUBR K AR B 2515 5] 471 mg/g. Wang 2513 75 BA— 2 45 i (i T RERE LA FL AR £ BR
TVURRER | PRV R A B E 2 3 T AE R, e KB 2351 232. 10, 257. 30 F1204. 28 mg/s.

BEDIE AR L Bk s B RS AR, 7E s N s — @ st S T T i, e
DRI A AR A DI B U1, Mg O B AR 32 2 — o 7 o EL LA P 9T 1 i) v LG P e R 3800 7%, il
FHRIB LGB ATIRAA , Frasaie i v FLIR 4k K T ok H T MgO 1 SR 28 A5 T 1A MgO 0k (1) RS il
TEA.

FIRERSAR LA L, B MO 45 55 WA e 0 I B il R ok 2 HL AT DA TRI L s A FL AL g R
FVARFRRT DL o el AR AU A RO e e i S AR 2 7. SR MgO Bl RS & KOH i Ak T LA il
i LR L SISO S Z AL AR KB IR -5 | AT R B 2R eh, T elcE LS I 4T b
R, TE AR BER, HERESMATE AL, BTG e 2R 8 1) Ak 27 SN TE MR R, IR I
FEREBZR LG, TR B RE I R 2N B e SEBR X P AR R 43T 1 R 5 o .

ASCLAHEDI T R IR — KGO BTN B | EABE A BRHE & KOH TGk, F—253520
T AR S BT A (CPC,) , #F98 T CPC X 5 2 M A E WM B, 4898 T ZLacxtdid:
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1 SEIGESH

1.1 RAFI 5

— KA . L& (0TC) . AFHF K (CPL) | #hilg . A LH (KOH) fIEfLEE (MgO) , ¥
Gypral, WFBTRL T A BRA E s T, DA A BR A R AL JeB oK, LRI R AE SR
Hl.

GSL-1600X Y it FL a5 8 2, SRR BHE AR A PR w5 Nanosem 430 7 44f H1 1 2 7 B8
(SEM), £ FEI 2 A ; JEM-2100 B35 5 fL 7 24488 (TEM) , HASHL 74 w5 3H-2000PS1 %Y [ 2 &<
W B (BET) , D1 FEA 28R (L ED A BRZA ] 5 Nicolet iS 50 7 {8 B A e 2T AMETREIL (FTIR ) , 55
Thermo ESCALAB A H] ; ESCALAB25 % X S 2 HL - RE 1% (XPS), 3£ [E Thermo ESCALAB A H] 3 100T %4
R Z IRERSREAL, M TS R A BRA F 5 Jinghua 752 V0T WA GG (UV-Vis), b
AR AL AT BN 7] 3 BT10OM BU[H] 18 IREESh 52 , 12 A8t vl .

1.2 XEEiE

12.1 Bl H LB L EMBCPC H % B3 g 100 HEWH R AR MS2m 5ol M /A b 254
BT R 10507, B /— KA OB FR AN T it Lo« (w=3:2:1) , BAERE A5 R UE T4 0
W, RN 50 mL/min, THEHER K 4 “C/min, FEFZIE A 800 °C, PRI 1 h, LS5 “C/min (Y RFER#
KA 400 C, FHRAHZBIENR . BEHIRAEHE 27000 r/min 54558 19 2 I REMENLFRE 15 s, BUH
B TR IFIA 180 mLZEK, SRJG 4 4 IREIZ M 12 mol/L 60 mL ¥ ERFRIA R, HiiHE 24 h )5
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U8 5K ZE pH=T7+0. 35, KA EHE T 90 “CHERTH T8 12 h, B HSHFES AL 100 B B0 5 SR B R
IC R CPC, (1 AR SRR A R L), ARBABRIRE 5 M RHE R CCyy.
122 #ARME MR SHET, % 10 mg CPC IRANF] 50 mL T4 REWrb . 7e28 OnE IR
#H LA 160 r/min 235 24 b, I 0. 22 pm JEAT IR S NIR G4 . 76 SR AT DN 5% BA PiAs 20
WG . e, bR di g e, TR
q.=(C, = C.)VIm (1)
q,=(Cy = C)WVim (2)
K g, q.(mglg) 5 BRI B ¢ FE A I B 25 55 o, €.y C(mge L") Ry e =0, P F ¢ B 20 3%
TR FE s V(mL) NHUAE R RAGARFL 5 m (mg ) A5 BRF57) A4 55 £
123 ®HMEELSNE  FET, ¥ 10 mg CPCIINF] 50 mL AR 4R 5 Rk (25~350 mg/L) BT
AR, AR RS G4 HIR 24 h, IE 2 RTINS R TR IO, TR
EW R e
Langmuir W JFFH TR RS R TR 58 2O 1Y, I HLU B R REFE BR A7 5 98 7 J 10 B2 Rtk 7,
LA

C.Jq.=1/(¢q,K.) + C.q, (3)
A q., g, (mglg) R -1 W 58 RS- A 14 e R B 5 K (L/mg ) 7 Langmuir WY BRF45L 28 52
Freundlich W B 55 L 28 J2: FH R A 0 B 2k R Ho e Tk B e R 50 7 # , 3d H F RE W b i
FOMLREF T, HZ AR R
Ing, = InK, + %ln(]e (4)

R g (mg/g) WP 25 5 K, (L/mg) A Freundlich W& B3R £6 580 1/n W BRFSE 3 (1) 42 J3E
1.2.4 R M A 6 e W B 1S BN S IR R R R R TS, T A U B TR B 5 R
W RSP P VI 23 5 R R S AL 2.
ZI T, FF 10 mg CPC RN E] 50 mL ¥ & 4351 8 150 #1100 mg/L 1) + 85 K . @B R, Al
10 min 5357 2 min I 2GR LM EE TN B, SR )5 BERR 10 min & — RO, 5250
BF 1] A 60 min, 15 B S5 BHERE .
ARG R FPA—Z 8 1 AT RN, — 20 8l ) 2 AR R A W o 2 2
In(g. - ¢.) = Ing. - Kt (5)
tlg, = 1/(K,q2) + t/q, (6)
Kb g, q.(mglg) 73 A TE ¢ B FIPAE I W BiF 255 5 K K, (gomg ™ »min™) 40— FI4EL — 2 50y )2
W2 AR 5
125 HEPEERBH 25 °C, LA mL/min Ji 550 T W58 %M B CPCx B S AW 2, i<
10 cm, NA20. 8 em BEES A TR AW BEHAE A 30 mg CPCx, | F Wi FH IR AR AE[E 5 , Bl 100 mg/L K
PUAERIE, MG AR AWM NAT , PR AWM, TR — o I ISR th AR A, il 25
SIS

2 FHRETR

2.1 HERBIRIE

B LCA)FI(B) 4351k CPC, IR - B S R 2 FnfLAR A el .l TR 1 CAD) mT, FEAR R T plp, B s
B, R 86 phh 2 IR o £ S A/ N S B, R LR IV RV SRR ER 5 Y plp, M 0. 1~0. 4 B, Bl AHXT R
JIHER, W RfEERGI, RBA/NTF 3.5 nm /NRFLAELE .

H I8 1(B) A, CPC IFLAR EE M 1. 5~4. 5 nm, A8 CPC, HA& R E LG5 . Ao -5 E
SAFE Z BT T JUATSE Y FLAR 2 E 1 nm 2247, 6 IR A 45 44 REAR 47 bz S AN AL B A pT A R o
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Fig.1 N, adsorption-desorption isotherms(A) and pore size distributions(B) of CPC,

T, ARGFRI LR AE

1N CPC I R H A AL SR, B DB R i ey, HARIRBURIFL A S B S i sk
IS, FTRER R T — K S UL BRI AU R BRI, b A ik AR 2 Sk AL, DR i A
TALIERIHRE, SRS A ST — M FLIE A s

Table 1 Specific surface area and pore structure parameters of CPC,"

Sample S/ € m?-g) Sl m?-g) V/(mL- gh) V,./(mL- gh) D, /nm Non-V . /V,
CPC,, 2409 2038 1.95 1.00 3.58 0.49
CPC,, 2739 2353 2.41 1.10 3.78 0.54
CPC 2251 1887 1.89 0.94 3.66 0.50

1.0

mic

size; V| is the total pore volume, calculated under the relative pressure of 0. 998; V. . is the micro pore volume; Non-V . /V, is the ratio of the

non-micro pore volume to the total pore volume, all calculated by BJH method.

CPC, , 1 o 2 TH AR ATRAL Fb 22 18 AR 0 500 /8 ik 2739 1 2353 m*g, 702k 25 W B A1k 1 B 1
P HIGH B DA S G PR S, HOE AR AR 3.5 nm, LA E 4 F Y B S MR T 0 Rl
%M.

2k CPC, [ SEM & /- R X TR /A . F B 2(A)~(C)H T, CPC K T4 #8452 F L4k,
{5 3 B PR R AR OWTE A BT X, CPC, R 4 B o 2 e, B 4% 1 fLiE , CPC, M1 CPC,
IR LB ZEFYHE . CPC, R BLH 0 R A8 S5 R FLIE A AR T B0 A B o LE A B BB 1)
DUBL, I BCSWR, BT R AR RS g T A B FLIE S5 49>, BEE S (EDS) BN, C, O
MPICE & R E0 2910 89. 5%, 10. 4% F10. 1%, BioE S REIK2(D)~(H) ], fTRELIERE

Atom.

Element: fraction:

C

1 mm 1. mm 1 mm

Fig.2 SEM images of CPC, ,(A), CPC, ,(B), CPC, ,(C) and EDS analysis of CPC, ,(D—H)
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FIIH TEM Xt CPC,, o 1) 7 W5 OG5 A 24 7434 (B 3). BI3(A) R, bR 5] LA, X
FLBR f AR BT T AR AR 25 s 4L pl . f I 3(B) FI(C) T, sebd R BRAAL . A FL /D e iR AL
PRUHIE A SREIR AL, SR A 3850, AT RESE B IR AR I BRI 5 KOH ok — e vk B 7EHE S 1 40
oK MgO 0k 2R 18 BT, a4 S B IR S T R AR FLESH , SR T R A, B 24 an, 1
TN T ARSNEIE R 5, IR AR A28 B X F AR R, UL Z TR EEAR T, R TR AR LR
AT 5.

Fig. 3 TEM images of CPC, ,
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Fig. 4 Adsorption isotherms(A, D) and fitting models of Langmuir(B, E) and Freundlich(C, F) of
OTC(A—C) and CPL(D—F) on CPC,

JH Langmuir 1 Freundlich B AU SR A THIA [EI4(B), (E)FI(C), (F) ], H& 2 AR R 5L
RO, Langmuir*ﬁﬂm DL R G- 6 A o R W PR RE CPCZ.OXﬂLi%%*H%%%% W B 25 o3 )k
1780 1 1122 mg/g, TE Langmuir 51", K B FIR RS T RE 1 A5 55, SR BE T IEARSE, CPC,,
() K die e, WA bt die iy, AR A X —FFAE .

1E Freundlich #7152 rp - K S50 BFHE T IEAHDG, CPC, W K Fedr, B AOTERERI W 8 —3. 1/n
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Table 2 Fitting parameters of Langmuir and Freundlich adsorption models for
OTC and CPL on CPC,
Langmuir model Freundlich model
Adsorbate Sample B B o
qm/(mg'g D) KL/(L'mg D) R n Kl‘./(mgI "eg Loty R

OTC CPC,, 1663 0.404 0.998 8.63 938.91 0.915
CPC,, 1780 0.460 0.999 7.95 962.92 0.940
CPC, 1519 0.245 0.998 8.77 830.35 0.980

CPL CPC;, 1008 0.009 0.996 7.22 491.65 0.605
CPC,, 1122 0.018 0.995 6.45 501.52 0.750
CPC,, 1089 0.010 0.996 7.89 480.08 0.411

FAE WL IRBEE R, Y UndE 0. 1~1 ZIAE, AT o B A MBI T . Unifi, Wt ag
AR, CPC, 1Y Un it K, WHTBE IR, FF G X—FFE . HH Langmuir BERYF Freundlich SRV AR AT UL,
BB TS OB AE R A S B ERE , o T S 25 TE M e i W SREAIL B, X B s ) 240k 1 7
5T
23 FhhZESNHH

Bl )2 S v A B RN R R VM PIAE VR B 4 51 150 F1100 me/L. IR T HHEREAER
W - ik ) 28 A6 LI S (A) A (D), f I S (A) FIL(D) AT LA 1, CPC I A B R A R B
U R AP B RE . o, CPC, IR B e, &Rk CPC, R AR ILE R IR 2, brE
1 2~4 nm B PP FLAEE B Y, B ALI Y S . CPC, R I B S BRI & fey , X I A
B R B O R ) EE SR L B R R AT, VB A AR T o ke A T e R AR AR R0, A
30 min 5 IR EE S /N, FEAKBEHRRZS . BIS(B), (E)FI(C), (F)AH T 8 Jep il gl &l 2k,

T3 T A 1S
1200
(A) ()] = CPCs, ©
1000 = =~ 0.06 -
! on
= 800 o g
o 600 g 20,04
g i S E
= i =
s 400 - - CPCay | S = 0.02
200 L - CPCyo| = =
—A— CPC,, 0
oL 1 ! L ! L 1 ! L !
0 10 20 30 40 50 0 10 20 30 40 50
t/min t/min
600 6 0.10
D) (E) = CPCs,
= ® CPCoo| ~ 0.08
~ L o 2
T e @ o4l 5 0.06
5 = £
& ¥ E 0.04
= 200 —a— CPCs, \i; ;\*F 0.02
—-—CPC.o | = 2rF ~ v
—— CPC,
0 | 1 | | | 0 1 1 | 1 |
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Fig. 5 Adsorption kinetic curves(A, D), pseudo first(B, E) and pseudo second order(C, F) kinetic
models for OTC(A—C) and CPL(D—F) on CPC,

M3 AL, "B 1A R )  AE AN SRR SR . SN Ui T, e A=A W B Dy i 25
. s 1S K AL, CPC B BHME AL, 15 CPC, A48 B 22 (1 FLIE R 22 A BRHO7 o, DRI R T
IR R PRSP E .
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Table 3 Parameters of pseudo first and pseudo second order kinetic models for adsorption of

OTC and CPL on CPC,
Pseudo-first order kinetics Pseudo-second order kinetics
Adsorbate Sample - L - L
qe/(mg°g1) Kl/(g-mgl-mln D) R? q‘_/(mg'gl) KZ/(g-mgl-mlnl) R?
oTC CPC,, 220 0.0687 0.879 1059 0.0013 0.999
CPC,, 289 0.0673 0.937 1148 0.0009 0.999
CPC,, 223 0.0745 0.903 970 0.0013 0.999
CPL CPC,, 134 0.0700 0.926 529 0.0021 0.999
CPC,, 99 0.0806 0914 549 0.0031 0.999
CpC 145 0.0660 0.923 502 0.0018 0.999

1.0

2.4 HRHLE TE PR AR B

K6 451 T CPC, N+ 85 R MR 2 1Y 8 IR 2 i 4 . %t L8 R F A& R M aEE i a] (i O
VW FE R 10% BF) 43530 24 75 F1 45 min, AR R[] CHS 198 906 BE R 90% B ) 43331 24 301 1 225 min.
CPC, X 75 2% 1Y 2837 FRURIINT ] 84, R PR W BT 25 B K, 3K S il SO IR R I 2 ) — 3. I
A2 B Ry B HOP IR, AT FTIR,, XPS FBARsE CPC, NI TS Pk s, 2D ARG I AL .

1.0
1390
0.8 080
oo \VA
3 AVa
O 04t \ Ya
02
of ol o
1 | | | | 1 | ! 1 | | | |
0 100 200 300 400 500 3500 3000 2500 2000 1500 1000
t/min v/em™!
Fig. 6 Breakthrough curves of CPC, , Fig.7 FTIR spectra of CPC,

&7 K CPC, (I BL AR 2T AMETEFE . 3415 em ! BFIT AY IR S04 SR M SE 28 MR JE 2R B BT, 2920
em™ BT A5 . FEAT I T BEJE B C—H I RLR 305 2 5 1625 em ! BHE Y W s vl X i R L 1) C=C,
C=0 KL, AH A 05 A 1t SE AR 3 T AR B 2410
AT 1080 em ™ BT AY W CIA T N C—O JE T 5
1390 em™ BT HH BUBT A0 i 45 IR sl e, W BB T
P—O MIFEAE , DB TEME MR E T T #5522 . O
F5 MR AR B FHiA R0 F 5 kL 2 A CPC:s P,
KA m-m HEBWER, AR FIE MR RTTA R CPC.,
SRS CPCie !

[ 8 g CPC, [y XPS 45 /€] . CPC, 4775 W] .11y A R
C ST O, I | W (fH TS, AT 15 1 P, A Pz,,lﬂ%% ’ 1200 1000 800 Efo\? 400 200
ULBH R AR DI HE AT T 54522, [RIBF S8R Hig a
ZRUE IR, SRR R Al

19k CPC, KRk 1) O, F1 P, 1) XPS /Uil G5 &l . 3R 451 T oo R B ReAIM & . &9 Al %,
160, A LA K, 255 RETE 532. 3, 534. 2 F1535. 9 eV [tz (19431643 5%} 1 % C=0, C—0, —OH
BHEH 5 78 P, MG A IR o, G54 RETE 134. 2, 135. 1 F1136. 2 eV BFT 940 1643 %1 35 C,—P=0,
C—P—0, C—O—PEREHA™*, IEMBE TR M IIE e . B — /KGR RRAN B A s, P—O
WS Py e R R TR 553, 15 PR AR B 2 R R . 80 RS Ee R, AT IR S B RS
Py, 5B F CPC, R R SRR, DA I SE I B ) A 7

Cis

Fig. 8 XPS full spectra of CPC,
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Fig. 9 Peak separation spectra of O, (A—C) and P, (D—F) of XPS analysis of CPC,
(A, D) CPC, ;(B, E) CPC, ,;(C, F) CPC, .

Table 4 Relative content of element and functional groups parameters of XPS analysis of CPC,

Element content Functional groups content of O, Functional groups content of P,
Sample (%, molar fraction) (%, molar fraction) (%, molar fraction)
C 0 p —OH c—0 C=0 C—0—P C—P—0 C,—P=0
CPC;, 89.97 9.91 0.12 23.1 37.6 39.3 23.0 374 39.5
CPC,, 89.85 9.70 0.45 282 38.0 33.7 19.8 42.6 377
CpPC 82.34 16.99 0.67 35.1 35.6 29.3 28.6 33.7 37.6

1.0

2.5 CPC,, X FfhHT & R AR B EE

Scheme 1} CPC #5824 S W BT AE R IHLERIE . thRAE 25 A5, CPC 3R MHA £ & s E
REH, W C=0, C,—P=0, C—P—0%, UWFH T B RLINE % . B 240 T4 CPC, LW AL nT B
ALBUE TS | B AR EAER - VERT D0 SRR D) R IR 5 | A A& MG P07 55 55

fLBRIH TS . 256 FiRgsIR, CPC, (RIEHA F& MG E e, W C=0, C,—P=0, C—P—0 %,
TERA T W RSN 2% . WRhHTAE 00 TR BNTE CPC, , b A4 T ARy B FE AL 2 B, 75y Pt i
o, FLBRIE 54 B OTC Al CPL BB, 3X AT REAS 45 T CPC, , K EL R T R (2739 m/g) FI5- 3 1 FLAZ
(1.5 nm) &AL T /2 G5 I R 25

m-mfEHT1. I 10(A) A CPC, WK B OTC Al CPL i J& 48 FL AR 2T S G T . S L W B i I 1)
FRIEWESEAAAL, WIS CPC, 7 1617 em ' AMFRAE MR Sl 45 461458 1T ) K F CPC, , 5 B RAL A
C=O0 8 5 PIAIA R 43T Z 0] - HERR A S5 AR AR Y.

A EAER . B 10(B)RI(C) 45 T CPC, o e AIR] pH BT X 8 2 G5 K 0 W B e e
Zeta WAE . BfiFE pH BITHES, CPC, (X OTC K CPL B~V W i et Se i R Je i, FLAE pH=5 I ik Bl kK
{8, SHPEREEA L, BRYERRES 554 A F OTC F CPL WL I}, 1X5 CPC, 32 1Ak pH (B3 il it 2 i v,
AR, NTTBUE T EHREE . CPC, BYSFHL R (pH,, ) 4. 37, pH < 4. 37 I, HERMIAFIEW,, pH > 4. 37
S 67 L, OTCAE b — RSB, & 2R IL F (—NH,, —OH), H-HAEARRMpH T, H
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Scheme 1 Adsorption mechanism diagram of CPC, , for two antibiotics
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Fig. 10 FTIR comparison before and after adsorption of two antibiotics on CPC, (A), Zeta

potential values of CPC, , at different pH values and its adsorption performance for
OTC(B) and CPL(C)

IR AL JE F B R [R HL AR U (pK, =3. 27, pK,=7. 32, pK,=9. 11) " OTC 7E7K 1 5y K fif, 24 pH<
3. 27, OTC FZ LI+ OTCHPRSAFAE , CPC, (RIHWAF EH, FBOTC WM Z M 477 —E
M HLE 715 24 3. 27<pH<7. 32, OTC E %L OCH, M 7 HIEXAE7E, B CPC, (F I ) IE LT bl 25
pH BT & s/l . Pk, Witk OTC 5 CPC, , AT REME L B W5 | MINEAEAE ) 25510 CPLAE/K KL
TE , fRESRE 5, NI, B pHAEEAL, W EHEONTEE , TR 21k,

SHEN 1. CPC, o FIOTC B CPLHAT KA A A2 AR A A (—OH, C—0 %)™, 35 CPC,,
R B A R T AR 3RS 22 XPS 7 A5 21 1 0 3R B SCH RE R 5 1. W BRI JS —OH 538 /1 28. 2% [k =

Table 5 Relative content of elements and functional groups in XPS analysis after adsorption of two
antibiotics on CPC,,

Element content Functional groups content of O Functional groups content of P,
Sample (%, molar fraction) (%, molar fraction) (%, molar fraction)
C (0] p Cl N —OH c—0 C=0 C—0—P C—pP—0 C,—P=0
OTC 91.3 7.7 0.1 0.0 0.9 14.93 34.26 50.80 36.63 32.18 31.18
CPL 92.6 5.2 0.1 0.8 1.3 19.23 37.78 42.99 40.80 28.74 30.46
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Fig. 11 XPS spectra of CPC, , before(A—C) and after(D—F) adsorption of two antibiotics
(A, D) Cy;5(B, E) 0,5(C, F) P,,.

AN, CPC, Wk Bft OTC F1 CPL G , 7E XPSHERIDCER St/ , 058l 7 NJGE K Cl, NJOE,
HE—2AH T CPC, , IR T PR AE 2
26 SHEHTEHEMFIAEER

22 6125 B HH R [R]WR BE AR AE SR A A TR 2 R S 3R W R it . 5 e e ARk R o 55 A
Fb, ARSI £ 19 CPC, o o PR AR 2878 TR 1) e KRG o 240 02 B W B 0 19 2~4 A%, T ) 6 1) 2 A
Ry R TR B 51

Table 6 Comparison of CPC,, and other literature on the adsorption capacity of two antibiotics

Adsorbate Absorbent q/(mg-g") Ref. Adsorbate Absorbent q/(mg-g™") Ref.
OTC PM-300(N-doping) 1280 [42] CPL WG-12 343 [49]
nZVI-HBC 196 [43] CFAC-3 523 [50]
Y,0,@BC600 223 [44] ACs 176 [51]
MAGB 822 [45] AC-PT 709 [52]
CLAC(323K) 1340 [46] nZVI/AC 1563 [53]
SAC 273 [47] GAC 716 [54]
LBWAC 344 [48] HHBC 300 [55]
CPC,, 1780 This work CPC,, 1122 This work
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DLW F Rl . — KA OB RR AN M IR | SR AL BE MR & KOH 161k, SR — 253l 2 1
HILBB 2 2 ILE S (CPC) , HFREMIB4Y, CPC HA FE &AM B B e R 2 FL45H .
T I — KA U B R A T i Lo 2 L, Tl A5 1) CPC, 1 5 HL R T AR AL e 2 i A3
R 2739 12353 m¥g, FHFLAE N 3. 78 nm. FRFEEMLICIES TR . B P—O BT P 4 ik shidg 5 s bR}
FETT B S A A v B B 1 C,—P=0 T BB A1 5 431135 0. 45% 1 37. 7% (BEJR 43 80) 5 Langmuir £
RUFIL =2 2 ) B BB A7 i 3R CPC, (KA R AR B A R, XS 5 28 S8 85 2R 1) ) e R o
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