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Abstract: N-doped resin-based spherical carbon (NSAC) was prepared by high-temperature activation a
carbon precursor, obtained from cation exchange resin as raw material and NH4;HCO; as nitrogen source, at
850 °C, and characterized by BET, SEM, FTIR, XPS, nanoparticle size and Zeta potential analyzer. The
NSAC was used for the adsorption and removal of hydrochloric acid chlortetracycline (CTC) and levofloxacin
(LEV) from water to analyze the influence of high-temperature activation time on its adsorption performance.
The results showed that NSAC exhibited a spherical, hierarchical porous structure. The NSAC2.0 prepared by
high-temperature activation at 850 °C for 2.0 h displayed the largest specific surface area of 1612 m?/g, total
pore volume of 1.39 cm®/g, an average pore diameter of 3.50 nm, and a non-mesopore pore volume proportion
of 47%, making it a hierarchical porous carbon material. The adsorption isotherms of NSAC2.0 for CTC and
LEV fitted to the Langmuir model, and the adsorption kinetics followed a pseudo-second-order model. The
maximum theoretical adsorption capacities of NSAC2.0 for CTC and LEV were 397 and 645 mg/g,
respectively, based on calculation from Langmuir model. The zero-point charge (pHpzc) of NSAC2.0 was 5.10,
and it maintained stable adsorption capacity over a wide pH range (1~10). The surface of NSAC2.0 was rich in
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functional groups containing C, O, and N, which could interact with CTC and LEV molecules through

electrostatic adsorption, hydrogen bonding, #-7 interactions, and pore-filling effects, thereby facilitating the
adsorption and removal of CTC and LEV from water. NSAC2.0 had good reusability, after 5 cycles, the
adsorption capacity for CTC and LEV remained at 148.7 and 311.6 mg/g, respectively.

Key words: spherical carbon; cation exchange resin; N-doping; hydrochloric acid chlortetracycline;

levofloxacin; water treatment technology
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L; m AWK, g
KM Langmuir WS ZEBLRY (28 (3) ) XJ5E
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Fig. 1 SEM images of NSAC
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Fig. 2 SEM images of NSAC2.0 after adsorbing CTC (a)
and LEV (b)
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Fig. 3 N, adsorption-desorption isotherms (a) and pore
size distribution curves (b) of NSAC
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MR, 2 18 NSAC 1Y bR BURFLES F S50

# 1 NSAC i LR M FIFLA5 0 S 5L
Specific surface area and pore structure parameters of
NSAC

Dap/ SBET/ Smic/ V[/ Vmic/ Non-
nm  (m’/g)  (m¥g) (emYg) (em’/g) ViV

NSAC1.0 3.02 1191 768 0.89 0.56 0.37

Table 1

NSAC

NSACL.5 293 1231 1063 086 059 031
NSAC2.0 350 1612 952 139 074 047
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WIS BE AT, 16H C=0 &5 TWHHT ., C=0
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FPERESE = T CTC, 1086 con ' 2L )& T C—O 4t
HaEIR 202, NSAC2.0 W[ CTC F1 LEV J5 Wil
VTR EERETR | i C—O it 2 5 T Wkt .
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. c=0!
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Fig. 4 FTIR spectra of NSAC2.0 before and after adsorption
of CTC and LCV
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Fig. 5 Zeta potential of NSAC2.0
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2.1.5 XRD

6 > NSAC,0 Fl NSAC f XRD 3K,
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—ATEE, XRLTF AT B (002) AT AT . 25
TR AL F 9 NSAC 78 20=43.6°Zc 47 4b B T (100) 4
AT, X R SR IG LG NSAC HHA7TE A1 25 4h

FBO,(002) & 11X 7 B4 47 i D4 1 U 452 98, 1717 (100)
fi TR R 07 (4 DG R FEE 5 55, T A s TR G b Ao 7 Hh o
MEE R B AT ENIE TGP A 82 E, vk
MR AR DL E S . AN, ZadE
TRIEAESS , NSAC [1(002) i T 77 5 e 1) 5 i 43
VLB R 45 S B4 R, NSAC MIBIRALEE , i
FLEW, X5 SEM FEAF45 R 3,
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Fig. 6 XRD patterns of NSACypp and NSAC

2.1.6  XPS

[l 7 & NSAC 1) XPS 454, 3% 2 J&il o I =
K U R RHE I W T RS, A 2 U ik A 3
NSAC2.0, NSAC2.0/CTC #l NSAC2.0/LEV 4%
JCE R

M 7A[LIFEH, NSACEHAH C, O, SFIN 4
FhoGZE, 7E454RE 284.8, 532.7. 163.9 i1 400.0 eV
AR C 1s. O 1s. S2p MIN 1s Falg

MZF 2 i IEH, NSAC2.0 Hff CTC F1 LEV
WiEICR S mAE T2k, —&FA, NSAC2.0 &
A C.O. N FI S IEMEEREHITEW K f2H 5 CTC
M LEV 3 FRAEMBEAER, #F5RITE & i
b, B T W B R AR AR A AR B s R R,
NSAC2.0 7EM:fff CTC 1 LEV J5 Z 1 H ¥l CL A F JC
#, MIMSEBUEEARICR M G & A2k, Rl
W] NSAC2.0 I fff T CTC F1 LEV,

EN lsi C lsi

Ols| ! 's2p
NSAC1.0 Lo ;
S, -
NSACL5 P i
1 e |
NSAC2.0 | J i

1200 1000 8(I)0 600 I 400 206 0
Hiaheev
Kl 7 NSAC iy XPS j&[&l
Fig. 7 XPS spectra of NSAC
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Table 2 Mass fraction from XPS analysis of NSAC,
NSAC2.0/CTC, and NSAC2.0/LEV
o T £ 5 %
R
Cls Ols Cl2p Nl1s Fls S2p
NSACI1.0 96.10  3.60 — 0.10 — 0.20
NSACL1.5 95.30 4.30 — 0.20 — 0.20
NSAC2.0 96.90 1.70 — 0.70 — 0.70 ) )
NSAC2.0/CTC  95.30 3.90 0.10 0.40 — 0.30 288 286 284 282
NSAC2.0/LEV ~ 94.70  5.00 — 0.10 0.10 —
e =7 FORARRI B E

NSAC2.0 WK PP A= Ewiif5, Nfl S TR
RS, DS N S B TERH S5 T W

& 8 i NSAC2.0. NSAC2.0/CTC F1 NSAC2.0/
LEV ) C 1s. O ls. N ls =409 XPS &, % 3
R B o VAU A A B 4 B RE TR M T AR, AR
I8 AR PR 1545 21045 B R AT B o 4B

MK 8a~c Al LI Hi ,NSAC2.0 W fff CTC I LEV
HiJ5, C ls 7E454 HE 284.8. 285.3 i1 287.2 eV il
A 3 FEIENE, 435X F C—C. C—0 fil C=0,
C ls BReHI M BT 8 kA 7484 (R 3), i)
fiff5 C—O Fil C=0 Wyt 4T, PR ZHHC
HiEPEE REA S CTC 43 F " i—OH . —CONH—HI
LEV 4+ F—COOH & A= i i AH B4 F Al & 4
ERBIER; H C—C B FESECH kT, Thg
J& C—O Il C=0 i 8 PG .

a Cls

292 290 288 286 284 282
A REleV

540 538 536 534 532 530 528
Giahev

540 538 536 534 532 530 528
Eaey: Y

538 536 534 532 530 528
GiaReeV

415 410 405 400 395 390
Zifhb/ev
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El 8 NSAC2.0 (a. d. g). NSAC2.0/CTC (b, e, h)
M NSAC2.0/LEV (¢, f, i) BJC 1s, O 1s. N 1s
=53 Bk XPS %A
Fig. 8 High-resolution XPS spectra of C 15, O ls and N 1s

of NSAC2.0 (a, d, g), NSAC2.0/CTC (b, e, h) and
NSAC2.0/LEV (c, f, i)

533.7 eV BIEA PAHRAENE, 2508 C—O
C=0P", 4 NSAC2.0 ;fff CTC I LEV J5, &
AE A B o B & A T 3B AR Ak (3R 3). W
BIE C=0 )ittt 3B W REAR, 1T BB AH DG i T
HEREH S CTC 43F 1 i—OH .—CONH—FHI LEV
I FH—COOH & A= S EE AR A e A AR I 51
B, C—O i Bk, iTaEE C=0 i
IIEEALGHEY

M 8g~i AT LI, NSAC2.0 i N 1s fi 4
ASRRAE I O, 4350 A I RE N (254 fE 398.1 eV ).,
Mg N (45468 400.5 eV)., AH N (45468
401.3 eV) FfISALL N (L5468 404.7 ev) P2, gf—
ARSIl T N B4R ik . NSAC2.0 &
N B REMI 7] 5 CTC F1 LEV 2r T % N J& 5 F1 H Ji
e A RN L ML N RIAT AR N A AR Y
Al LI CTC Ml LEV B m-= tHEAE, A 205
NSAC2.0 X} CTC #1 LEV BYW It ¥k F£imA K&
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Table 3 Functional groups mass fraction from XPS analysis for NSAC2.0, NSAC2.0/CTC and NSAC2.0/LEV

BT U %
FE b Cls O ls N ls
c—C c—o0 Cc=0 c—o0 c=0 MEAE N L N AN LN
NSAC2.0 57.29 30.23 12.48 41.15 58.85 21.50 17.57 28.25 32.68
NSAC2.0/CTC 65.17 25.00 9.83 56.00 44.00 14.40 28.87 28.31 28.42
NSAC2.0/LEC 68.38 29.51 2.11 67.05 32.95 24.74 18.01 20.22 37.03
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Fig. 10 Fitting of Langmuir adsorption isotherm model for
CTC (a) and LEV (b) by NSAC
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£ N 113 T2 R 5 K
18 200} P il : ;
3§2 q./(mg/g) K,/[g/(mg-min)] R
100F ——NSACL.0 NSAC1.0/CTC 262 0.00003 0.9952
ACI.
ol - §§ Agz‘g NSAC1.5/CTC 164 0.00005 0.9986
—200 0 200 400 600 800 1000 1200 1400 1600 NSAC2.0/CTC 327 0.00002 0.9939
A [ /min NSAC1.0/LEV 280 0.00004 0.9915
Bl 12 NSAC X CTC (a) FILEV (b) HIMEREh 7252 NSACL5/LEV 220 0.00004 0.9950
4k L NSAC2.0/LEV 508 0.00002 0.9961

Fig. 12 Experiment results of adsorption kinetics of CTC (a)
and LEV (b) on NSAC
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Fig. 13 Fitting curves of pseudo-second-order kinetic model
for the adsorption of CTC (a) and LEV (b) on NSAC

M 13 Fi15k 4 ] LA H,NSAC X CTC 1 LEV
RN R 21275 5 00— Bl Jy 2R ( R*>0.991 ), K
NSAC 5 CTC 5 LEV 2 [1] B W B FH DA Ak 27 I
JE . R s IR AR, NSAC2.0 Xf
CTC M1 LEV -1 W Bt 1253 51 >k 327 F1 508 mg/g,
5 B A IR AR S 2 AR B ERTE (1] 10 )
2.4 pH X UR Bt i BE B B2 0 43 47

% 14}y pH X% NSAC2.0 W fff CTC il LEV P fE
[R5

700 - =INSAC2.0M%ffCTC

sool NSAcz.(;&ﬁLEV7 7 _
=50 P

E 400+
@ 300 [N N\ \ N\ N

1 3 5 7 10
pH

E 14 pH X} NSAC2.0 e[t CTC #1 LEV MEBERY R

Fig. 14  Effect of pH on adsorption performance of

NSAC2.0 for CTC and LEV
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Fig. 15 Cycling stability of NSAC2.0 for adsorption of CTC
and LEV
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T 0% 2 e BRIE 6 AL P bt R0 1, i T 5
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Table 5 Properties comparison between NSAC2.0 and
different adsorbents

AhRE R RELEWHT &%

A WE Rmel it
B 2 BERR A KA CTC 55.3 [34]
AU BT A R AOR IR CTC 200.1 [35]
T e i e s A= 0 CTC 223.63 [36]
BT R REAME CTC 194.29 [37]
NSAC2.0 CTC 397 E'S
KRB A LEV 22.17 [38]
Fei e /K s LEV 107 [39]
Zn/Zr-MOF ¥t LEV 187.1 [40]
Ak B LEV 115.63 [41]
NSAC2.0 LEV 645 F's

MFE 5 ATLAFE H, NSAC2.0 XA % i i
TR PV W 5 347 1 SC AR A T 1) H R T, G B
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Fig. 16 Schematic diagram of adsorption mechanism of NSAC2.0 for CTC and LEV
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