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Abstract [ Objective | This paper aims to investigate the adsorption efficacy and mechanism of the typical drug carbamazepine
(CBZ) using three different traits of granular activated carbon (GAC) as adsorbents. [ Methods] The effects of GAC dosage, initial
concentration, temperature, pH, and water matrix on the adsorption process were investigated separately, and the changes in the
surface functional groups of GAC before and after adsorption were characterised and analysed by fourier transform infrared spectroscopy
(FTIR), and the adsorption mechanism was explored. [ Results | Equilibrium adsorption amount of coal briquetted charcoal (9. 87
mg/g) > coconut shell charcoal (9.44 mg/g) > coal columnar charcoal (8.62 mg/g) was obtained for 24 h of adsorption when the
initial CBZ mass concentration was 2 mg/L and the dosage was 0. 2 g/L. The adsorption process of CBZ on coal briquetted charcoal and
coal columnar charcoal was more in line with Freundlich’s isothermal adsorption model, the adsorption of CBZ on coal briquette
charcoal and columnar charcoal was dominated by the adsorption of multimolecular layers. The adsorption process on coconut shell

charcoal was more in line with Langmuir isothermal adsorption model, i. e., CBZ adsorption on the surface of coconut shell charcoal was
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dominated by monomolecular layer adsorption, and the intra-particle diffusion model fitting indicated that the adsorption rate of all the
three types of GAC was controlled by surface adsorption and intra-particle diffusion. The effect of pH on the adsorption of CBZ by the
three types of GAC was not obvious, but natural orangic matter ( NOM ) had significant effect on the adsorption due to the
hydrophobicity between NOM and the adsorbent surfaces. The hydrophobic interaction between NOM and adsorbent surface interfered
with the adsorption of CBZ by GAC. The FTIR comparison result of GAC before and after adsorption showed that there was a -
interaction between the aromatic ring of the CBZ molecule and the aromatic structure of the graphene layer of the activated carbon,
which was one of the main mechanisms of CBZ adsorption by GAC. [ Conclusion] Compared with coal-based columnar carbon and

coconut shell carbon, coal-based briquetted charcoal shows the best adsorption effect of CBZ. pH has less effect on the adsorption of
CBZ by three GAC, but NOM negatively affects the adsorption. The adsorption of CBZ by three types of GAC is mainly dominated by

hydrophobic interactions and -7 interactions.

Keywords granular activated carbon( GAC) ; carbamazepine( CBZ) ; adsorption property; adsorption mechanism; water treatment
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Tab.1 Types and Basic Properties of GAC
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WFUEHEMES: 10x20 H 1045 BT A 95.53% 0. 582 68. 96% 19.07%
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Fig. 1 Kinetic Fitting Curves of CBZ Adsorption by Different Kinds of GAC
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Tab.3 Quasi-First-Order and Quasi-Second-Order Kinetic Parameters of CBZ Adsorption on Briquetted Charcoal

under Different Charcoal Dosage

WS g3 2 28 )2
(gL™h) k/(h7h) Qg car/(mg-g™) R ky/[ g+ (mg=h) '] Qp o/ (mgeg™) R
0. 05 0.099 14 27.26 0.961 09 0.003 11 33.26 0.977 82
0.10 0.104 22 19.01 0.952 51 0.004 84 22.97 0.962 35
0.20 0.242 46 9.73 0. 988 95 0. 028 69 11. 00 0.993 83
0.30 0.303 38 6.40 0. 985 03 0.057 74 7.15 0.988 10
0.50 0. 406 65 3.92 0.987 33 0. 130 99 4.34 0.988 94
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Tab.4  Quasi-First-Order and Quasi-Second-Order Kinetic Parameters of CBZ Adsorption on Coconut Shell Carbon

under Different Charcoal Dosage

e 23 2% B3 2k
(gL ky/(h7) Qp.ear/ (mg-g™) R? hy/[ g (mg-h) '] Qp o/ (mgeg™) R
0.05 0.088 10 24.25 0.936 89 0.003 18 29.50 0.958 99
0.10 0. 106 61 16. 29 0.884 41 0. 006 59 19. 09 0.921 34
0.20 0. 180 48 9.45 0.948 29 0.022 40 10. 68 0.975 53
0.30 0.223 10 6. 19 0.894 76 0. 046 76 6.87 0.939 21
0.50 0. 369 47 3.93 0.991 87 0.115 17 4.37 0.989 63
%5 FREREEHTHEKRRN CBZ Mil— BRI B H125H

Tab.5  Quasi-First-Order and Quasi-Second-Order Kinetic Parameters of CBZ Adsorption on Columnar Charcoal

under Different Charcoal Dosage

T W—Bh 1% W KB I
(-1 k/(h7h) Qrcar/ (mg-g™) R ko/Lge (mgeh) '] Qp o/ (mgeg™") R
0. 05 0. 126 67 16.23 0.926 76 0. 008 30 18.74 0.951 11
0.10 0.093 81 12.57 0.929 72 0. 006 61 15.22 0.953 88
0.20 0.115 57 9.43 0.982 16 0.010 99 11.33 0.990 88
0.30 0. 13595 6.39 0.968 50 0.021 12 7.48 0.979 76
0.50 0.196 01 3.93 0.992 12 0.053 79 4.50 0.992 57
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Fig.2 Fitting Curves of Intraparticle Diffusion Model for Adsorption of CBZ by Different Kinds of GAC
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Tab. 6  Fitting Information of Intraparticle Diffusion Model for CBZ Particle Adsorption by Briquetted Carbon under
Different Charcoal Dosage Conditions

WS I Pk — B P R —

(L) Ky/[mg(g-h?)7"] C,/(mg-g™) R Kyp/[mge(g+h"?)™"] Cy/(mgg™) R
0.05 4.831 02 0. 177 90 0.978 22 3. 049 06 7.724 76 0.998 78
0.10 3.010 52 1. 003 83 0.976 90 1.562 54 8.617 94 0.942 34
0.20 2.742 57 0. 066 16 0.987 31 0. 555 96 7. 143 60 0. 983 26
0. 30 1. 672 96 0. 556 81 0.990 97 0. 060 19 6.138 14 0.988 74
0.50 1.022 99 0. 545 81 0.956 61 0.013 94 3.891 72 0. 853 50

M 2 A0, GAC % CBZ W i 3= B R 30k
AW AL BR N O T, 5 — AR R R 12
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LT AR FLBR N O R, CBZ 43 F i A GAC 1)
FLER, AR SEAEALBR N WO B M fE N R d L,
GAC MFLEREE &2 J HFLAR MR 12, CBZ 43 F 1l
REFEFLBR & 22 12 1 B Bl AR, B3 © T e et
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Tab.7  Fitting Information of Intraparticle Diffusion Model for CBZ Adsorption by Coconut Shell Carbon under

Different Charcoal Dosage Conditions

AR PRI R 2 — B P B 3 — Bt
(g:L™) Ky/[mg(g-h?)™']  €/(mg-g™) Kp/[mg(g-h?)™'] €/ (mg-g™) R
0.05 3.774 78 0.927 75 0.997 87 3.362 64 2.353 04 0.995 21
0.10 2.334 10 2.065 04 0.990 16 2.349 50 1.999 68 0.991 52
0.20 2.105 93 0.397 14 0.983 17 1.041 41 4.328 70 0.991 58
0.30 1.437 32 0.554 36 0.994 86 0. 694 50 3.044 27 0.995 56
0. 50 1.267 77 0.23579 0. 960 08 0. 020 91 3.847 58 0. 853 50

RS ATRBKEBFM THKRIM CBZ BNy HEMMUAER
Tab. 8 Fitting Information of Intraparticle Diffusion Model for CBZ Particle Adsorption by Columnar Carbon under

Different Charcoal Dosage

TG PE R/ N RS R 2 — B N TIOR3 — B
(gL Ky/[mg-(g-h*)™']  €/(mg-g™") Kp/[mg-(g-h?)™'] €/ (mgeg™) R
0.05 2.727 91 1.720 20 0.832 94 1.243 92 8.323 13 0.931 06
0.10 2.028 08 0.757 69 0. 980 70 1.612 02 2.235 85 1
0.20 2.07279 -0.476 32 0.975 13 0.839 42 3.963 19 0.987 81
0. 30 1.518 02 -0.313 50 0.988 13 0.701 26 2.655 73 0.984 31
0. 50 1. 113 07 -0.196 54 0.997 37 0.017 40 3.856 92 0.362 96
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Fig. 3 Langmuir and Freundlich Adsorption Isotherms of
Different Kinds of GAC
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X TR BT (0 FE R FIAE IR 7%, Freundlich #5EA1 T 5
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Freundlich RV 1% A CBZ W, X B CBZ 7&
BRFE BRI T B3 12, W L s 7E AR 7 7 3R
T 4)5) 4341 5 T CBZ FE R R FIAE R R T i T
Z0r 1) 72 AN ) W R s O L ) 3 ) 1 FH 5 1 S
FYAEI R . 7 Langmuir S8R K, 26710 B
58 B3 2 1T =2 18] A AR B PR R AR D R B e ket

N K, (R Bk AR, B CBZ 5 GAC Z
[E] PP A E A FH SRy FR B > A 72 e > FE AR 7%

IEAh, Freundlich #0745 St i 7 1 AH [F] 19
B Ky ST R ) G g B e, LA R, R
I 55 B Bt 22 (8] B 45 6 7 B s n 2 — AR Z A
T, HAEEE KT 1, W 1/ Ry 0~ 1, D0 B A
KoM U/n KT L, W E G R RfE, n (E3R W,
CBZ 7£ 3 Fft GAC L HIWE FHERIR 2 5

R NEME GAC R CBZ FRLRASY
Tab.9 Parameters of Isotherm Model for Adsorption of CBZ by Different Kinds of GAC

. Freundlich Langmuir
TEPE AR » » »
/n Ky/[ (mg-g)-(L-mg™ )" ] R? Q,/(mg-g) K, /(L:mg™") R?
YR 0.569 75 71.002 33 0.997 56 112. 117 1. 650 24 0. 986 01
M7 A% 0. 644 52 41.217 19 0.981 62 106. 385 0.717 87 0. 996 23
FEMR AR 0.678 18 17. 633 61 0.987 73 95.705 0.222 94 0.973 60

2.3 WM AEFR

250 vl LU 7s 5 W A G Y I B2 i
WA, A SCGE ) 22 A XA R GAC
W fff CBZ RIS H AT A T 1T
=k (8) ~X(10) ",

AG® =- RTInK,, (8)
Co - CE
K, = 9
e (9)
AS®  AH°
InkK, = A _ A (10)
R RT

Horp K, — R AL

Co— IR FP V8 T 19 200 i Joi e e B
mg/L;

Co—F A BT, mg/L;

T—R K

AG—5 7 ¥ F HH g, kJ/mol ;
AH—& A, k]/mol ;
AS" ——i{H  kJ/ (mol - K) ;
R—i8 H Ak % %, BUE ol 8.314
J/ (mol-K) .
Bl 4 7R TN SO R BT 3 R [RIFRZE GAC
X} CBZ (AW RHEDL . @i xF InKy, 5 1/T Z [E]HZk
PER R E BEAT 200, AT AT Y AH® FAS® A,
THAZERME 5 Fis, F-7ER 10 3,
3 Fft GAC Wt CBZ MIbRHE AG® ¥k fifE , =]
W R It A G HEA T . AGY 2% (E AR 185 R 36 T it

B4 ARRMEREETAEFE GAC Xt CBZ KWK
Fig.4 Adsorption of Different Kinds of GAC on CBZ
under Different Reaction Temperatures
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AH® [ TE B2 W 2 B 3l SRy W R S, 3 5 141 4 1Y
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ff CBZ By A, [T A TR SLEE S N, X — &6
5 Suriyanon %' BF9Y CBZ 76K AR 6 M PAC

AT EIE—E

CBZ 73§ HA — 5 B (G2 5k | T i 1k 55
HREMT) , 3 S A% 11k P RE % 15 15 14 A% 3 1T Y B E
VL (R AE IR 55 ) KA s N AH AR T, g il
i, CBZ 5 GAC RYHH LA FH S ik, 45 W B ok 72
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Fig.5 Thermodynamic Illustration of Different Types of GACs
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Tab. 10 Thermodynamic Parameters of Adsorption for
Different Kinds of GAC

GA‘C K Ik, AGY/ AH/ AS°/
[UiES (kJ*mol™)  (kJ-mol™) [kJ+(mol-K) ']
JEHep: 288 2.143  -5.131 143.76 0.517
298 4.219 -10.453
308 5.989 -15.336
MpFEHs 288 1.139  -2.727 68. 84 0.248
298 2.231  -5.527
308 2.944  -7.539
KRR 288 1.069  -2.561 57.25 0.207
298 1.870  -4.634
308 2.564  —6.565

2.4 EMEMEE

FERI IR R R R 2. 0 mg/L A1 T, B0mAR
] Jgi f (0. 05.,0. 10.,0.20,0. 30 0. 50 g/L) % 5%,
BTFUREE 25 °C % 180 v/min (Y 1H IR IR 3 15 77 48
HiR% , TR 2RI E , 3 Bl GAC X) CBZ 1Y

W R AN 6 TR

HH & 6 AT, Bl 15 P B i i3 fin, CBZ 1)
EBRAFIEIN, RABER CGAC HI38 2 | W B Y L %
TR A, W A7 s 86 22 CBZ 5 M R 51 14 42 fh i 7
B X T L CBZ MR PR SE A (R
BE WEREILSE ) B A A EAER , T4 THUE BFHR0R

X T CBZ W BfF Sk 156, 3 Ff GAC FEF &~
0.2~0.5 g/L I}, F 24 h Pk 2 W -1 | 78/ F
0.2 g/L BB T, W FHFLe AT, W B 3k 2157 i
BT A BTE], ERNE R 0.2 g/L, W B A [a]
24 h T RSB CBZ ERFR N 99. 75% ,F
M Bt 9. 87 mg/g; BRSE AT CBZ HY £ BRF N
94. 64% , V- i W it HE R 9. 44 mg/g; BEAR X CBZ
M EERFEH 86. 42% , T W il & 4 8. 62 mg/g.,
Ut XFF CBZ 110 W B30 2R DA ST A 5 1 X B of
P, R 5 i, B e IR 2, Hobk i e 25, B 3
GAC M2 5 R 435 3] 85% LA b, BF5E 6 & B, 78
0.2 g/L ) GAC $m iz T M OR B84y, i 4k 22
INFRBE X BRI AR, 5B CBZ 4> T 7E It
VR BB S 78435 1 1 o (1 W BT st & 2B A
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VE:CBZ Bl 2 mg/L AR IRIE H (25. 0+0. 2) C fHIRIRGAAFH N 180 +/min,,
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Fig. 6 CBZ Removal Rate and CBZ Adsorption with Time at Different Kinds of GAC Dosage
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AR 2548 1% 5 PR 0 AT D5 1 e e 1T Y - A
AL RS G B W BER) CBZ 4y F R LA 7
3 b P B0 10 S TR R A7 S 0 e R T,
TAA 24 b (14 A2 A ST A R B o | 600 4 S e R
A1 me/L B, R B3 M e i) - i B i 4. 395
mg/ g, 5 % Pk i 1) YA T B o 4. 083 mg/g, A
PRI PE e B - i B R 3. 875 mg/ g TERI LR A
WEE R 15 mg/L B, e B3 o e 1) 1 5 1% o oy
70. 62 mg/g, 17 1 M e 1 °F- 4 W B £ R 62. 065
mg/ g, AR T A 1) A W B A 50. 191 me/g
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Fig.7 Adsorption of CBZ by GAC at Different Mass Concentrations

ATLAE BB W) LR W B A T, 3 Fl GAC Z [a] 1)
S R 5 e 2 AR AR, R R T T e R I By
B DR B, T AE BT v A 1 me/L A, 3 Bl
Xf CBZ W B 42230 35k 2 PR Ry 76 00 ik v 8 21
B, W CBZ 43 F A% A R, 3 i o4 o (9 i o
N1 i AR PRI L R 8% 7 43 ) FH R 3% 1T 3% M 67
5 CBZ 4y T 25/, Xk, FLBR 4544 19 5% i 1 oK 2
B, W BRSO 2 BT R T W B R B
PEB IR B A o 00, X R WI v Y CBZ T
REFTArFIH GAC Y2l fig
2.6 pHHIFIW

VST pH 2358 W B0 T A8 A HLAF B
B RE A LA ST e Y5 Y 4 10 Ak k25 P AUE
25 W R 590467 22 T B9 R [R) S R R s 4200 oy
iff5% pH X} 3 F GAC WFft CBZ IR , R4 T 01 hH e
FEN 2 mg/L, A 0.2 o/L, Wi fFHIHE] Ny 24 h, 1%
W pH {23510 3.5.7.9 MW Bk 56, 45 R an & 8
JiR,

i & 8 AT, pH Xt GAC W B CBZ f4 52 il AH X
BN, CBZ WA~ pKa H53 58 2.3 F113.9, 761

10
-—
e . ]
g e = .. S
L i_______;___________r__ -
al
2| —=— Hedhu
—o— fEFE R
—a— FER B
0 1 L 1 1 1 1 1
3 4 5 [§] 7 B 9
pH{E

. CBZ BTtV ¥ 0 2 me/L BNl 0.2 g/L H4liK
TR (25.0+0. 2) °C MEiRAR G AE #4380 180 1/ min,
B8 [ pH &% T 3% GAC 3t CBZ WK E
Fig. 8 Adsorption of CBZ by Three GACs under
Different pH Conditions
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Fig.9 Effects of Different Water Quality Backgrounds
on Adsorption of CBZ by Three GAC
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Tab. 11  Parameters of Water Quality in WTPs

pH{H I&JE/C UV,,/(em™) DOC/(mg-L™') COD/(mg-L™")

7.8 22
VE UV g5, — K RETE 254 nm W< SAMET OUORIE ; DOC— i
BB COD— L2 b
P Pl 9 TR, A6 R 4l K R K T 7K 9 A AN ] 11
KT 5 ,GAC X} CBZ HOW A7 B & £ 5%, L
FORFRAR R, LK B S F T, FER o i) W i o
9 8.775 mg/g, WiAEK T /KBELAK AT, W B 2
£5.5mg/g, X—BEZHETK KH DOM
B4, S HE DOM 5 CBZ 43175 W [l 537 5 1fi Y
EAVER, KT KB EREENRRAEIY
(NOM) , XL R4 F ALY S CBZ 47 F 385+ GAC
FTE AL AL, T BB 2 W7 5 8 NOM. (5 48, iF
M T CBZ MWL & ., NOM 745 #4388 5 2

0.022 3 3.73 1.48

R B K RS AT (AN 05 A AL AT ) | X gk
FP Y5 CBZ 8975 7 5 S Ik e 5 2 18] 0 AH B4R FH AT
e T4 CBZ BUMZRh 2>, bAh , NOM 77 7E IR
A e 3 GAC MY FLIRIE 2 Ju HJE7E NOM Al CBZ
O3RN T, NOM 43 1] fig & 358 GAC 1Y
ALER FL , T BEAS CBZ 43 T3k A FL B P B 4T
MR XX SRR FERR SRS GAC, e IR 3Z 7K
T MR dRe /N FEAR A 2K B sE il e R, 5 R R R AH
b, Fe e S A TEORHIRE Y A Bh 4 R PR H s 8 R/
BIMFEEE A, B N 6 v, 5 T & B WAL A
fL, CBZ 7y F & AN K, B 5 # 3 26 ff FL A FL
MR
2.8 FTIR RIE

ANEFZE GAC 2R CBZ Hi 5 i B - A5 e 2T
HMETEGNE 10 Fros . T, GAC B £LAMGIE 7R
3438 em™' AbFRILH WAE LT AME, W RER A BRI
Bl iy 2 1 2 L (O—H) ;2 929 em™' A
2 854 em™' Kb (3% 04 9 & F i Al—CH—,—CH,—
F—CH, g 2 9 C—H B9 X FR AN 52 %F FK 1 4 Ik
311751645 em™ ALY RT A H TR IL A C=0
AKIFRYES ;1 569 em™ AL RS G AT RE T H Y
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Fig. 10  FTIR Spectra of GAC before and after Adsorption
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