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Abstract — A activated carbon (WCAC, waste citrus activated carbon) prepared from an agricultural waste citrus peel
material generated in Jeju was utilized for the removal of dimetridazole (DMZ) antibiotics in aqueous solution. The
adsorption of DMZ on WCAC was investigated with the change of various parameters such as contact time, dosage of
WCAC, patrticle size of WCAC, temperature, pH, and DMZ concentration. The DMZ adsorption capacity increased
with increasing temperature and decreasing particle size. Also it was decreased at less than pH 4 but sustained almost
constantly at pH 4 or greater. Isotherm parameters were determined from the Langmuir, Freundlich, Redlich-Peterson
and Duinin-Radushkevich (D-R) isotherm models. The isotherm data were best described by the Redlich-Peterson iso-
therm model. And the adsorption kinetics can be successfully fitted to the pseudo-second-order kinetic model. The
results of the intra-particle diffusion model suggested that film diffusion and intra-particle diffusion were occurred
simultaneously during the adsorption process. Meanwhile, the thermodynamic parameters indicated that the adsorption
reaction of DMZ on WCAC was an endothermic and spontaneous process. The experimental results showed that WCAC
is a promising and cheap adsorbent for the removal of DMZ antibiotics.
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Fig. 1. Effect of particle size on the DMZ adsorption capacity on WCAC
and its removal efficiency (concentration=100 mg/L, pH=6, adsor-
bents dose=0.1 g/0.2 L, temperature=293 K).

317 3tz WCAC 14F2] Z71E 35 mesh (500 um)©] 5}, 35~60
mesh (500~250 pm), 60~80 mesh (250~180 pm), 80~100 mesh
(180~150 pm), 100~170 mesh (150~90 pum)= 2] 3t 9ol H 3
F2 ) AA L] W3E YERd Zolth Fig. 104 2 k2]
3717} 35 mesh ©]3}olA] 100~170 mesh® oA 42 F2lepo
145.4 mg/gell A 176.0 mg/g® 7R o™, A AE2 74.3%0114
88.3%Z F7FeF o, &+ 2717} 7H8 22 100~170 meshel 4]
2L 176.0 mg/g, AAES 88%E 714 E9UT) o)) dt Avl=
A QA7) ASE EH o) FUlek ik S
HollA Alg &) D45-27H41 8] Gt e)7t FholA) 7] wlioll 2
’Jeke] g2 9} DMZ Aol 9] H5718)7F Trkste] AAE E &
2o S7¥ehe A 0% Atm¥itt.

o kR

el

3-2. e FUZ0| ME JE

F2A 2 DMZ §49] 7)ol thet F2A 0] T3S 4
87] wtell F skl A8 FAE 293 K, pH 6, WCACS] 17|
100~170 mesh, DMZ2] 5% °© 2 dgsHA A5k
WCAC?] FU%S 0.05 gollA] 0.3 g7 Dl 9ol S2A ¢
ol w2 FE FaEH AAEL] WSE Fig 20 YERSITH

250 100

200

d.: Mg/g
Removal, %

100 -

50 420
—O0— G
—@— Removal

0.05 0.10 0.15 0.20 0.25 0.30

0 0
0.00 0.35

Dose, g
Fig. 2. Effect of adsorbent dose on the DMZ adsorption capacity

and its removal efficiency (concentration=100 mg/L, pH=6,
particle size=100~170 mesh. temperature=293 K).
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Fig. 3. Effect of initial pH on the DMZ removal efficiency (concen-
tration=100 mg/L, adsorbents dose=0.1 g/ 0.2 L, particle size=
100~170 mesh, temperature=293 K).
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Fig. 5. Comparison of experimental results with q, values obtained by pseudo-first-order and pseudo-second-order models for (a) different ini-
tial concentrations and (b) different particle sizes (adsorbent dose=0.1 g/0.2 L, pH=6, temperature=293 K).
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Table 1. Kinetics parameters for the DMZ adsorption on WCAC

AP

o

At

- o]

C, Particle size Qo Pseudo first order model Pseudo second order model
(mg/L) (mesh) (mg/g) Qe.ca (M) k; (1/min) r Qeca (MG Ky (g/mg min) r
100 177.87 172.32 1.2005 0.9858 176.47 0.0165 0.9987
200 100~170 225.86 21491 1.5349 0.9546 223.14 0.0149 0.9882
300 241.10 231.19 1.5824 0.9765 237.28 0.0134 0.9957
35~60 154.13 146.26 0.2955 0.9492 156.25 0.0030 0.9872
100 80~100 172.23 166.31 0.6967 0.9742 173.42 0.0070 0.9989
100~170 177.87 172.32 1.2005 0.9858 176.47 0.0165 0.9986
300 200
(a) (b)
250 160 F
W
200 | ©
/ 1201 .
o 2
S j=2]
g 150 F / g
& ¥ ol
100
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® 100 mgig a0}k o 80~100Tneessh
50 | © 200 mg/g v 100~170 mesh
v 300 mg/g
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2 min2 t”z, min'?
Fig. 6. Intra-particle diffusion plots for (a) different initial concentrations and (b) different particle sizes (adsorbent dose=0.1 g/0.2 L, pH=6,
temperature=293 K).
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A olFato] Faeht BgolA ) A MAUZES AWl FA @l 27] 5 min ((12=224) B DMZ7} uHEHA o) o] o)a) 3

k1N
ehEE S AU S ok 9
ST 242 AHESSIEHB6).

sfof Thet e A b

k t'?+C @)

Fig. 6(ay= DMZ9] 55 223 Fig. 5()2] A= 2] (@)l 4
£-3}o] VERA A o] 31, Fig. 6(b)= WCACS] A7]= &g 3l Fig.
5b)e] A5 2] (4)°l Z&-3to] vebd A olth Hameed 2} Daud
371 q o t122] 2227} 8-S Bofshs ol Ak ol gt
o] fFUst &= Alek dAEla Sk 18y DMZ9] 275 EE
423 Fig. 6(a)S] 5= 27119 galg o)

EABG R, F2A

q: =

Ae) el ] FHE e o]m], F A L A i A 9o

2 3pgo] IR uf 2 Al Bl 22 Alwelx o] gito QlaA

fo] Jojitrh= 2107 AL L) Fig, 602 ] 3 sejue] 7}

Table 20 YERgl o, 3 wia 21 Ao M= AA1Z gt

8 Ky 7t A2 W A S5 AR K, Re o 2k 7HA
]

oo oo

A% Bl ek HHA o) w0z DMze] B4 Ago] ul
2 deldths 2g 9 5 9lEk webd ol ARl o
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Table 2. Parameters of intra-particle diffusion model
C, Particle size First linear part Second linear part
(mg/L) (mesh) K1 (mg/, g~minm C, (mg/g) r’ kid,z (mg/ g'mi"m) C,(mg/g) r’
100 73.73 23.30 0.8530 0.8794 169.02 0.8967
200 100~170 85.03 27.01 0.8516 1.2791 209.77 0.6323
300 95.34 33.59 0.8235 1.6733 227.51 0.8774
35~60 30.33 22.22 0.9219 1.1220 142.42 0.9226
100 80~100 66.77 22.42 0.9493 1.2077 160.36 0.7627
100~170 73.73 23.30 0.8530 1.2791 169.02 0.8967
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Table 3. D, and D, values for the DMZ adsorption on WCAC

0]4-3 &AA| Dimetridazole?] F254

803

C,(mg/L) Particle size (mesh) tn D> 101 (em?/sec) D, x 1013 (cm%sec)
100 0.4515 1.64 1.17
200 100~170 0.4470 2.62 1.28
300 0.4379 2.58 1.26
35~60 2.3451 0.488 0.244
100 80~100 0.9947 0.862 0.576
100~170 0.4868 1.64 1.17
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FHS 0.488x101°~2.62x107"" em?/sec©] 31, D, kS 0.244x107~
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Fig. 7. Experimental equilibrium data and isotherm plots for the
DMZ adsorption on WCAC (adsorbent dose=0.1 g/0.2 L,
pH=6, particle size=100~170 mesh).

£= RTln(l +%) (12)
EHolUH) (B the Ao 78 5 9ir.
E=—— (13)

Fig. 78 8l nhe 2Hgete] Fa%g dolny] 9)9) F)
SEZ 203K, 313K, 333 KE Helste] 2 58 F2 A dnel

2] (8)«(13)2] Langmuir, Freundlich, Redlich-Peterson, D-R 52 ]|
A g3to] et A7 vlusto] UERd Aotk gt AHAEE
7} mdlof| 28510 -5t Bl E] 55 Table 401 VFERAQITE. 7} 52
2 o] -85k 7 -9-oll A AGakS vl R Langmuir 522412
73901l 0.9834~0.9939, Freundlich 5221 2] 73-9-+= 0.9452~0.9815,
Redlich-Peterson 52212 74+ 0.9956~0.9972, D-R 5-&4]2] 7
$- 0.8732~0.95990 F A3}l 5221 9] =4+ Redlich-Peterson
> Langmuir > Freundlich > D-R©] %} t}. Langmuir 52 ©. 2 5-E]
T3 WCACe] 23t DMZ2] H o] S22 257} 293 K, 313 K,
333 K2 F71e<= 263.58 mg/g, 266.62 mg/g, 267.83 mg/g O =
<7kt

ol tella] WCACe! 213 DMZ9] F2#-S el A9} v
3|2 Flores-Cano 5 [27]°] ¥4 #71 &% o=t AAH 77
A7 |2 e BAEko 2 DMZ2] S &3] 217t 39.5-43.8 mglg
4l 91.7 mg/g, Wan 5[5]°] Eucalyptus sawdust® #]| %3} biocharE
SHA 2 AMEEE 7399l metronidazole®] 52H¢] 200 mg/g, Elife}
Sinem([30]°] “4$1-8- A ¥k EJEO Z sulfamethoxazole™} metronidazole

Korean Chem. Eng. Res., Vol. 55, No. 6, December, 2017

= o
==




804 o)Fst -

Table 4. Parameters of isotherm models for the DMZ adsorption on

WCAC
Temperature (K)
Isotherms Parameters 793 g 333
K, (L/mg) 0.0584 0.1338 0.2354
Langmuir Qe (M) 263.58 266.62 267.83
e 0.9899 0.9939 0.9834
K, (mg/g) (L/mg)""  62.96 89.11 106.01
Freundlich 1/n 0.270 0.217 0.195
2 0.9452 09724 09815
K 11.57 4970 12246
Redlich-Peterson ag 0.0189 0.2413 0.7456
B 1.1618 0.9372 0.8961
r 0.9956 0.9966 0.9972
e (ME/E) 215.85 220.77 230.39
DR B (mol/1?) 2x10°  2x10°  2x107
E (kJ/mol) 0.158 0.5 1
r 0.9599 0.8843 0.8732

o] &2k E2haFo] Zh2) 185.19 4! 144.93 mg/g, 18] 11 Rivera-
Utrilla S[22]0] 2572 2444 EAete & DMZ2] Faked o)A
E25)o] 186.3~280.8 mg/g O 2 & ¢ltellA] WCACH &3 DMZ2]
Zego] o] & A7 Hlvk IS AelA D-R 524 0%
3 FZUA|(E)Q] 752 0.158~1 kl/mol°] $1th. Monika 54510
3hH FaeUR] ] A7) F&o] ofd TR FERIAE & 7

A %7} Hw, F2 e U= 7} 8 ki/mol K.t} zHow B &)
a1, 8~16 ki/molo] & ©] 25, 20~40 ki/molo]™ 3}sk5-2lo]z}
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;9 39 1 gt

R
gy

R

3-8 AN nE

Gibbs A}l U A BHAG?), 23] W SHAH?), 1 E 2] 3}
(AS%)2} =2 AojerA] bl 4155 thet 22 Van't Hoff 415
AHgsto] ARk 4 Sl

AG’ _AS” AH’
RT R RT
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Fig. 8. Van’t Hoff plot for the DMZ adsorption on WCAC.

Table 5. Thermodynamic parameters for the DMZ adsorption on WCAC
at different temperatures

AG? (kJ/mol)
AH® (kl/mol)  AS® (J/mol K
(kJ/mol) (Wmol'K) —53% 33K 333K
15.64 69.46 47081 —6.0974  —7.4866
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Nomenclature

ap : Redlich-Peterson isotherm constant
by :exponent in Redlich-Peterson isotherm



C : constant related to the thickness of the boundary [mg/g]

C, : equilibrium liquid-phase concentration [mg/L]

C; : concentration of adsorbate in liquid phase at time t [mg/L]

C, : initial liquid-phase concentration [mg/L]

Cg : concentration of adsorbate in solid phase at time t [mg/L]

C, : liquid-phase concentration at time t [mg/L]

D, : film diffusion coefficient [cm?/sec]

D, : pore diffusion coefficient [em?*/sec]

E : mean free energy of adsorption [kJ/mol]

G : Gibbs free energy [kJ/mol]

H : enthalpy [kJ/mol]

k, : rate constant of pseudo-first-order kinetic model [1/min]

k, :rate constant of pseudo-second-order kinetic model [g/mg-min]
K : Freundlich constant related to adsorption capacity [mg/g] [L/mg]"”
k,; : intraparticle diffusion rate constant [mg/g-min'?]

K; : Langmuir constant related to free energy of adsorption [L/mg]
Ky : Redlich-Peterson isotherm constant [L/mg]

m : mass of absorbent [g]

n : Freundlich isotherm exponent

q, :adsorption capacity at equilibrium [mg/g]

q,, :maximum monolayer adsorption capacity in Langmuir isotherm

[mg/g]
Qe theoretical saturation capacity in D-R isotherm [mg/g]
q, :adsorption capacity at time t [mg/g]
R : gas constant [kJ/mol-K]
r, :radius of sorbent [cm]

> : decision coefficient

S :entropy [J/mol-K]

T :temperature [K]

t :time [min]
t;, : time for half change [min]

V  : volume of solution [L]

Greek symbols

B : constant related to the mean free energy of adsorption [mol*/J]

8 : film thickness [cm]

g : Polanyi potential [mol*/J?]
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