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Abstract

Batch experiments were conducted to investigate the effects of operating parameters such as the temperature, initial concen-
tration, contact time and adsorbent dosage on the adsorption of antibiotics amoxicillin (AMX) by waste citrus peel based acti-
vated carbon (WCAC). The kinetics and isotherm experiment data can be well described with the pseudo-second order model
and the Langmuir isotherm model, respectively. The maximum adsorption capacity of AMX by WCAC calculated from the
Langmuir isotherm model was 125 mg/g. The adsorption of AMX by WCAC shows that the film diffusion (external mass
transfer) and the intraparticle diffusion occur simultaneously during the adsorption process. The adsorption rate is more influ-
enced by the intraparticle diffusion than that of the external mass transfer as the particle size of WCAC increases, and the
intraparticle diffusion is the rate controlling step. The thermodynamic parameters indicated that the adsorption reaction of
AMX by WCAC was an endothermic and spontaneous process.

Keywords: activated carbon, waste citrus peel, adsorption, antibiotics, amoxicillin

LA = = uf A A7 R A Al 8-S 2 5 UoH2]. Pan T
: = [3]2 B2 gAAIEe] 2/ 9 OE sH- f71Al4 59L& T ER

P 4o 1] o e
PAAD B AR QA B, AR P AE A ;fiﬁjjﬂif e
Sol USSP A8 H T olck Foldl B4 Folge] oF 30.00% o oo T ST ngLA pgll ) WAL ol
Qg i FEo) AU RalHA S AU dob o e oo o] GARE B mh WY SH] et
b i ) B - 523 WSS e Wtk ofye} A Uidato] e = Qo4
9 A= A PR Ak W s AR EHAL e Al SR 29| St icillin (AMX)2 BHE|elofe] o]k 7he17]
2 deiAa glr1). oleld PYBATe] AGHow BAow e o o) o SRl amoxicillin (AMX) T Coee
FE XEsh=t AMSEHE HudEA FAELSE A TES
oJekEe] FALIEHA AFEE AL SItHel. AMXT}F $HE T E AT
T Corresponding Author: Pukyong National University, sh=d] QoA 2z Ate) 9, e, gleh Rl 9l AR ek &
Ez]::;tment of Chemical Engineering, 365, Sinseon-ro, Nam-gu, Busan 48547, ° %_EHQ] ﬂal Hohﬂ%% _—g_;g]O] %;S_%]_l H]%o] E%o] 2~ Q= mump
Tel: +82-51-629-6435 e-mail: mglee@pknu.ac.kr ohet A FAES FUHAQL s EAS Ja = shAY 54 F
PISSN: 12250112 eISSN: 2288-4505 @ 2018 The Korean Society of Industrial and Aol ARMEVE stER ARetA] kabH[7], ol wkete] FERR>

Engineering Chemistry. All rights reserved.

369



A W Lo 7hAsle] EHA W o g mEEHs).
ol AMEEHE FEARE BHEA8-11], AE FE(12], =9
HEA[13], 71EAH14] B0] AREE 1L QUT) ol FollM A v}

oA W MERAN B T SHS 7P A FHA
A

2}
OJARE A Blg-o] F7] wiel thiti Zelr= AEF o]
ot webs Holes A 7 e AdE o]838te] Hlgo] A
ehE AEetalAt she A7 Wol 3E 1 QlTk Putra 58]
£ RS ol&st] AMXE FF AASNE AFE S
Moussavi 5101 -8 @A} 472 Alxsk ks o]
st AMXE &2 AAS A5 312, Baccar 515 &
H 7] E(olive-waste cake)Z /%t ZAITO Z naproxen, ketopro-
fen, diclofenac, ibuprofens S23H= A& 3F3Ith Ding S{16]=
st &e1A 2 2 &21A(oil sludge)Z /I BHTEORE oxy-
tetracycline ! chlortetracycline@} 22 oJF=2g &2k A|AS= A
T-E 31 3L, Ahmed S{17]> A2l RSt A (siris seed pods)E Al
%3 BJekS 2 metronidazole s F& A|ASH= ATFE s16loH,
Pouretedal?} Sadegh[18] X = (vine wood)= $/ds EAdehs
0]-8-5}o] amoxicillin, cephalexin, tetracycline, penicillin G2 &2t A
At AT-E seltk

AFLolA A4S A |l T 15% o144 & vlE
b ol A A= e =2 1 =g ok o P
sk Qlok whebA] 2 AT REES oleldt wAkE 7= HighEEt
S G880 AFgehs ete® RS Axshe ATH{19]
Azt TS AHgete] 52] 2,4-DCP Yl 9% Eosin Y& A7
he 20,2115 g v} Slch

wEka] 2 AFolxe= AlFEe v s Qe SAHEQ]
Azt o2 Alxgh BIHWCAC)S AHgatel Fo A 5 3t
Rl AMX ] F2 A3 stk WCACS] AMXel| digh 53
SAS A RY] 8t s W), &dw T, R At 27,
pH W3}, &% Wsle] & 3 4 FAEEA 9 Fae2E s
HESISIT.

2)
x

ol
-

Mo

!
oo [ oX gt

32

o o

2 WE Y Y

It

2 Aol A= AT 191004 9 o] Highguks o] &8l A3t
FAEHWCAC)S A1 0, WCACS] H|EHA-E 1,527 mYg, 7]

FY)= 1.004 em’/g, B 715371 207 Aok SFARE
FJ A AMX (amoxicillin trihydrate, C;6H;oN;0sS * 3H,0, TCI Co.,
Japan)E S0l 9] 1,000 mg/L2] stock solutionS A|Z3Fo] AR
skt

AR 3A 0w F3atgl o, 500 mL A&k Y9
T AMX £ 200 mLS} WCAC 0.1 g& Y& ¥, 7479 4=
235 7] (Johnsam, Korea, JS-FS-2500) % 180 rpm % 1l
staA AFARE AR AlEE AFSE teel IR
(Eppendorf, Centrifuge 5415¢)= 10,000 rpm®l|A] 5 min &<t A4
ggt & st AFsto] 447 (Shimadzu, UV-1240)Z AMX
o FEE BT

WCAC®] €3 AMX 2] F2%H(qe) 2 Al E(removal) T} 2
o] Arstsich

o o}

[

2=
o

N

(G-c)v
g =——"— (1)

m

3sst M 29 H A 4 =, 2018

80 100

80
60 -

60

40 A

e, Myfg

40

Removal efficiency, %

20 4
20

0 T T T T T T 0
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Dose, g

Figure 1. Effect of amount of WCAC on the adsorption of AMX
(concentration : 30 mg/L, particle size = 80/100 mesh, pH = 6,
temperature : 293 K).
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Figure 2. Effect of initial pH on the removal efficency of AMX by
WCAC (WCAC = 0.5 g/L, concentration= 50 mg/L, particle size =
80/100 mesh, pH = 6, temperature = 293 K).
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Figure 3. Effect of concentration on the adsorption capacity of AMX
by WCAC (WCAC = 0.5 g/L, particle size = 80/100 mesh, pH = 6,
temperature = 293 K).
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Figure 4. Effect of particle size on the adsorption capacity of AMX
by WCAC (WCAC= 0.5 g/L, pH = 7, concentration= 50 mg/L,
temperature = 293 K).
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Table 1. Kinetic Parameters for the Adsorption of AMX by WCAC

Pseudo-first-order model

Pseudo-second-order model

o e, K ‘
(mg/L) (mesh) (mg/e) (r?@”;) (U/min) v (r?legcfé) (/mg - min) r
30 41.45 29.03 0.0294 0.9387 48.54 0.0033 0.9959
50 80/100 53.82 39.15 0.0321 0.9652 62.50 0.0024 0.9952
70 58.91 41.04 0.0332 0.9647 66.67 0.0024 0.9958
35/60 54.55 47.33 0.0283 0.9857 60.98 0.0009 0.9930
50 60/80 66.18 49.99 0.0297 0.9050 70.42 0.0013 0.9949
80/100 79.27 53.20 0.0333 0.9648 82.64 0.0017 0.9970
Table 2. Kinetic Parameters Calculated for Film Diffusion Model and Particle Diffusion Model
c Particle Film diffusion Particle diftusion
0 i 7 14
(mg/L) (;Z:h) (mg/gK'f min) Dfnjz/sl)o ¢ (mg/gK : min) Dp(njz/i)o ¢
30 0.0294 0.4749 0.9387 0.0246 5.1927 0.9819
50 80/100 0.0321 1.0820 0.9652 0.0272 5.7415 0.9900
70 0.0332 1.6624 0.9647 0.0284 5.9948 0.9928
35/60 0.0283 5.5592 0.9857 0.0219 4.6227 0.9858
50 60/80 0.0297 8.3091 0.9705 0.0240 5.0661 0.9931
80/100 0.0333 8.5822 0.9648 0.0280 5.9104 0.9932
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Table 3. Comparison of Adsorption Isotherm Constants for the Adsorption of AMX by WCAC

o] A Amoxicillin® F2 54 373

Model Parameter Temperature
293 K 313 K 333 K
qm (mg/g) 125.00 13333 135.14
Langmuir ke (L/mg) 0.1075 0.1116 0.1341
IS 0.9997 0.9987 0.9988
ke ((mg/g)(L/mg)"™) 21.04 23.07 27.16
Freundlich 1/n 0.3939 0.3884 0.3603
r2 0.9014 0.8568 0.8832
Bp (mol’/kJ?) 2.1948 0.9735 0.5231
Dubinin-Radushkevich @ (mg/e) 95554 99.703 101.05
E (kJ/mol) 0.4773 0.7167 0.9777
r 0.9241 0.9163 0.8829
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Figure 5. Adsorption isotherm for the adsorption of AMX on WCAC
and fits of Langmuir model, Freundlich model and D-R model
(WCAC = 0.5 g/L, particle size = 80/100 mesh, pH = 6).
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Table 4. Comparison of Maximum Adsorption Capacity (qm) of AMX by Different Adsorbents

Adsorbent Jmax (ME/E) Reference
Bentonite 53.93 Putra et al.[8]
Organobentonite 26.18 Zha et al.[33]
Organoclays 33.51 Jin et al.[32]
Chitosan beads 8.71 Adriano et al.[14]
Almond shell ashes 2.5 Homem et al.[24]
Vine wood-AC 2.69 Pouretedal and Sadegh[18]
Raw giant reed 75.8 Chayid and Ahmed[9]
MWCNT 23.46 Mohammadi et al.[7]
Commercial AC 261.8 Moussavi et al.[10]
Commercial AC 250.7 Chayid and Ahmed[9]
NORIT ROW 0.8 SUPRA-AC 221.87 Putra et al.[8]
Cationic cellulose from flax noil (QCFN) 183.14 Hu and Wang[34]
Giant reed-AC 3454 Chayid and Ahmed[9]
Pomegranate wood- NH,Cl-induced AC 438.6 Moussavi et al.[10]
Guava seed-AC 570.4 Pezoti et al.[31]
WCAC 125 This study
Table 5. Thermodynamic Parameters for the Adsorption of AMX by WCAC
AG® (kJ/mol)
AH® (kJ/mol) AS® (J/mol - K)
293 K 313 K 333 K
0.4485 4.6187 -0.9047 -0.9971 -1.0895
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