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Abstract

The removal of 2,4-dichlorophenol (2,4-dichlorophenol, 2,4-DCP) in aqueous solution was studied using the magnetic acti-
vated carbon (MAC) prepared from waste citrus peel. The adsorption characteristics of 2,4-DCP by MAC were investigated
by varying the contact time, MAC dose, solution temperature, pH and 2,4-DCP concentration. The isothermal adsorption data
were well explained by the Langmuir isotherm model equation and the maximum adsorption capacity calculated from the
Langmuir isotherm equation was 312.5 mg/g. The adsorption kinetic data were well described by the pseudo-second-order
reaction equation. The intraparticle diffusion model data indicated that both the film and intraparticle diffusion occur simulta-
neously during the adsorption process. The thermodynamic parameters of AH® and AG® have positive and negative values,
respectively, indicating that the adsorption of 2,4-DCP by MAC is a spontaneous endothermic reaction. After the adsorption
experiment was completed, the used MAC could be easily separated by an external magnet.
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Figure 1. Effect of amount of MAC on the adsorption of 2,4-DCP
(concentration : 100 mg/L, pH = 7, temperature : 293 K).

A3 Q3 FA £ET wETD FAlso] 7] wizel g dE AR
=3 Avh8,9]. Zeiut S dlitE A E e ARSshe Aol
AL v A vlgo] Frks Dol UTH10]. wHERA, AR L
2 B A7AEe] FATEE AR gAY F& §0] moHA
ARE-2] AL oA F2A Rde] =8E 7180lal glo, ol
Qlal 7]&e] e tiale] A% 9 vk AA[11], AR A7[12],
et = i AAN3], diF AE[14], S5 S[15] 539 22 5
A 7S o] &3 AR &) /e gl & AREE
AFE A7ES o] &3t SRS Alxste] 752] 2,4-DCP Y
9 E Eosin Y& A|A3R= A7{16,1715 33 vl Aok

aE, ols XS FAEA AR S g 2717 2]
wjZol) A8t _‘foﬂ o] @AEE 8 delA] ek Flo] of
o8], ol X A4 Fest B IS BeE stk ol &
AL AAdsh= WFOZ Schwickardi G{18]2 &/d&rl AHdS F-o
o A DY ARESA 2ol ARAE o] Bato] ol idellA A
e ookl Sgitk webA AHd Al B0 folsta
A7 22l 7hsal] WEel H2 78 FelA dEY e 2 9E
AEE AAsHE AF7F H UTH19-21].

mEka] 2 Aol AFEed o sk e A E
Hdadto g A|Fxd wd=u ZAE(WCAC, waste citrus peel
based activated carbon)S ©]-&-3F¢] AHJ AJEHMAC, magnetic acti-
vated carbon)= $/d5te] 24-DCP &2 A3 st MACe] 2%t
24-DCP2 EXEAS ARy 98lo] 24-DCP 5% W3l w2
G, MACS] F31%F Hslo] M 93, 89 pH Hslel| & Y&
AT o, FAEE 9 FARFLEA S St

}ﬂ

ol

24

I

2.1. XK SMEKMAC)S| &4

B ATl s AlFAGelA ABLtEE 1 H7EE ol&ste] Al
Z3t WCACE: o]g3lo] Adad 221014 2k 7o) MACE E4931%
t}l. 500 mL B]All FeSO, 3.33 g, FeCl; 1.83 g, 5= 100 mL
I AR AojA] EFAR TS, WCAC 2.5 g2 ¥lth 71714
W79} FRVIE o] gste] EFAS w2 wRkAZIHA 70 TR
74g ek thell 8] kA7 A AR 07 WA AT A £
THE 5 M NaOHE ©]€3t0] pHE 11~122 A5AA TS

E_
=

_I* ot

S 24-HFE =Y FH5A 389

AAAALE EFES 1 h B¢ wkE 524 h A oFso S5
T2 3~ Aty dFEE v g7 FYS sk olE A
Z71olA A2=AA MACE A3tk dojzl MACS] 3} APl e
9.8 emu/g®]3tH22].

2.2, AU
ATl M= WCACE ARgste] 343 MACE FRAIE ARE-

}Oﬂ o} S22 = 24-U|F 2 2 9%5(2,4-DCP, Samchun)S 57591
=03 1,000 mg/LY stock solutions A|F8ko] ARE-SFATE

Nzﬂ 0 g]t'/\l o7 )‘sﬂo]_OJ otﬁ' 250 mL }\1—71——21-3]_/k10ﬂ El (—)1
9] 2,4-DCP €9 100 mLe} MAC 0.05 g& 92 &, 7}7+e] 44713
2t~ AE FH 787 (Johnsam, JS-FS-2500)Z 180 rpm 0.2 wHISHA
Al AT AR A8 S AFH S el 452 71(Eppendorf,
Centrifuge 5415¢)2 10,000 rpm®llA] 5 min 5+ A4 2]t & 5
Nk 2NFske] 34 A(Shimadzu, UV- 1240)E 24-DCPY] FEE
At} S Aol 24 h B9F WHISE Fofl AIRE AH
st} FEE AT

MAC®| €J8t 24-DCP2] F2lg W AAEE 57} o] ARkslSict.

e o =2

:h

(G-c)v
¢@=—"" 1

m

Romova = 8= 109 2
eoval = i ?2)

05|7]1\1 g B8 F2EH(mg/g), Cot 7] EX(mg/L), C& B
F5E(mg/l), VE §49 B(L), M F2A9 SKe)olth

%"—‘H pHi= 1 M HCI (Samchun)2} 1 M NaOH (Samchun)& A&
Sko] pH 2~102.2 ZHste] Aol ARl o, pHE pH ®IE
(Istek, AJ-7724)5 o]g3to] ZA3IATh

3. Zdut 3 E
oxl- | EOI:‘-.(':!: I:l1§_|,().|| [[}E 01%[:

Flgure 1& 100 mg/L2] 2,4-DCP 100 mL°ﬂ C 005 g& ¥ 5
MAC F35 0.02~0.07 g0 & 223t 3¢ S AALS U
Ehdl Zloltk Figure 1914 KH50] MACJ Okol 0.02 gollA 0.07 g&

2 Z7Fge) we} 2,4-DCPE] F2-E- 271.65 mg/gollA] 136.11 mg/g
o7 stk o71A FARE FEAY B Aed 3
2,4-DCP2] Fo]7] wlitof 22 FEo] oo F2A4 FUFE S7F
Aol wheh Fateo] ThasE S Helth

S MAC2] %F0] 0.02 gollA 0.07 g2 & F71gke] whe} Al A&
53.91%°l14 93.8%% F7FatSl=t, o]+ Fsh= MACS] %ol &
7Vghe] wief 24-DCPOl| ¥ W &3 §-91& Algsty| wizo = A7)
Ak 2 dqtellA MACY] F913F0) 0.05 g ool M A AAS

o] Teslm® 252 Ao MACS FUH2 0.05 gO & &1
Z1&Yskeict.

=
o)

3.2. pHO| Y&k

Figure 23 100 mg/L2] 2,4-DCP 100 mLel MAC 0.05 g= 92 3,
|N] 7] pHE 2~102.2 2&st A5 HF pHet AAES e
l Zlo|t} Figure 2014 Hi2o] pH7F 20014 1002 F7lgte] ule}

Appl. Chem. Eng., Vol. 29, No. 4, 2018



390 A4t -

100 1
80 F9
=
=
2 60 F7
L o
2 a
° g
© ic
3 401 F5
IS
o)
24
20 A F3
—&— Removal efficiency
—O— Final pH
0 T T T T 1

1 3 5 7 9 11

Initial pH
Figure 2. Effect of initial pH on the removal of 2,4-DCP and final
pH (MAC = 0.5 g/L, concentration= 100 mg/L, temperature = 293 K).
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Figure 3. Effect of contact time on the adsorption capacities of
2,4-DCP by MAC (MAC = 0.5 g/L, pH = 7, temperature = 293 K).

Figure 4. The photograph of separation of MAC by an external
magnet after 2,4-DCP adsorption.
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Table 1. Kinetic Data Calculated for the Absorption of 2,4-DCP by MAC

43 24-UF 2 2] S5 391

Pseudo-first-order

Pseudo-second-order

C , 1M /L e,exps 1M /

o me oo TEE Qecal, M/ ki, 1/min r Qecal, ME/E k,, g/mg * min r
100 193.70 113.27 0.0342 0.9293 200.00 0.0010 0.9988
200 289.76 159.33 0.0317 0.8926 294.12 0.0007 0.9988
300 330.71 164.51 0.0344 0.8807 333.33 0.0008 0.9993
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Figure 5. Plots of (a) pseudo-first-order and (b) pseudo-second-order
kinetics for the adsorption of 2,4-DCP by MAC.
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Figure 6. Plot of ¢ vs t'> for 2,4-DCP adsorption by MAC.
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Table 2. Parameters of Intraparticle Diffusion Model

First linear part

Second linear part

Second linear part

Co,

me/L mg/ gK'p 1r’nin 12 mcgl/’ g v mg/; gK-pzr;lin 12 mcgz/’ g v mg/; gK-p3r’nin 12 rr1Cg7 g v
100 38.102 16.69 0.9641 20.491 61.55 0.9272 5.5017 134.41 0.9940
200 51.939 35.77 0.9656 25.493 114.27 0.9383 7.0036 204.03 0.9885
300 78.374 26.11 0.9512 26.348 162.06 0.9257 7.8482 254.05 0.9972

Table 3. Comparison of Adsorption Isotherm Constants for the Adsorption of 2,4-DCP by MAC

Temperature, Langmuir Freundlich
K qm, Mg/g ki, L/mg ? ke, (mg/g)(L/mg)"" I/n r
293 312.50 0.0562 0.9973 99.73 0.2132 0.9543
313 357.14 0.0724 0.9976 96.75 0.2550 0.9893
333 384.62 0.0850 0.9980 106.48 0.2567 0.9855
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Figure 7. Adsorption isotherm for the adsorption of 2,4-DCP by MAC
and fits of Langmuir and Freundlich model (MAC = 0.5 g/L, pH = 7).
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Figure 8. Adsorption isotherms for the adsorption of 2,4-DCP by
MAC and WCAC (pH = 7, temperature = 293 K).
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Table 4. Comparison of Adsorption Capacity for the Adsorption of 2,4-DCP by Various Adsorbents

393

Adsorbent Qe, Mg/g References
Carbon from maize cob 17.94 Sathishkumar et al.[24]
AC from pomegranate peel 75.8 Bhatnagar and Minocha[36]
AC from oil palm fruit 101.91 Shaarani and Hameed[23]
27.25 Alam et al.[37]

AC from banana pith 129.4 Sathishkumar et al.[35]
AC from apricot stone shells 157 Daifullah and Girgis[38]
Activated carbon fiber (ACF) 372 Wang et al.[29]

WCAC 377 Lee et al.[16]
MAC 312.5 This study

Table 5. Thermodynamic Parameters for the Adsorption of 2,4-DCP by MAC

AG®, kJ/mol
AH®, kJ/mol AS°, J/mol
313 K 333 K
0.8553 4.8045 -0.5524 -0.6485 -0.7446
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