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Abstract — Adsorption experiments of Acid Yellow 14 dye using activated carbon were carried out as function of
adsorbent dose, pH, initial concentration, contact time and temperature. The equilibrium adsorption data were analyzed
by Langmuir, Freundlich and Temkin isotherm model. The experimental data were best represented by Freundlich isotherm
model. Base on the estimated Freundlich constant (1/n=0.129~0.212) and Langmuir separation factor (R;=0.202~0.243), this
process could be employed as effective treatment method. The heat of adsorption of Temkin isotherm model was
5.101~9.164 J/mol indicated that the adsorption process followed a physical adsorption. Adsorption kinetics experimen-
tal data were modeled using the pseudo-first-order and pseudo-second-order kinetic equation. It was shown that pseudo-
second-order kinetic equation could best describe the adsorption kinetics. Base on the negative Gibbs free energy
(—4.81~—10.33 kJ/mol) and positive enthalpy (+78.59 kJ/mol) indicate that the adsorption is spontaneous and endothermic
process.
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2ol B Agelths 2& BolFqlom, frtabg& o] AL
FPRS T AT o] 2wkt Sln)

Krishnamoorthy 5-[7]°] Acid Yellow 24 155
Lufa Acutangula Seed Hull (LASH)S Al&-3lo] S8 S
SFQTE F A 2] o] FAgoll vA= Y dotry] flEA
2715 % 100 mg/Loll thall 020114 2.4 mg7HA] A& 3k A w0204
1 mgZkA = E&H0] A43] Z718AE 1914 2.4 mglHA &= &
sl &8 (01: 92%)E HoFQ ) :]_g] Sy
Langmuir, Freundlich, Temkin &2} 5221 2] J#A|14E v|
w), Z}Z} 0.917, 0.999, 0.871 |22 Freundlich &2} 5-22]0]
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A2 HES-4 52 4] (Pseudo Second Order Kinetics Model)©] f-AF
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Table 1. Physical properties of activated Carbon

Properties Unit Value
Average particle size mm 1.638
Specific surface area m%g 1,735
Density(at 25 °C) (g/mL) 0.48
Iodine adsorption value mg/g 1,000
Methylene blue adsorption value mL/g 180
ash % <10
Hardness % 90 Min.
a11j9) a3} @ Ao sl S 2Akstel H2hkgel 4
Wk H R 0 vkl S sk,
2.4 H

2-1. MEME

SHA| 2 A8 oAl Al 1 EHIBHDY Carbon Co.)2 A 2]
WO R 73] Al S F 37| = 378+1 KellA] 12413 A
Z8h 2l B ask ke Fsto, 348 KO el 24 A17F 51t A
AR F ARRSEATHE 8 A g g, Aol ARE-gE Edeke]

=812 57435 Table 1] YERHSITE Acid yellow 14 (IUPACY :
Sodium 2,5-dichloro-4- [4,5-dihydro-3-methyl-5-ox0-4-(phenylazo)-1H-
pyrazol-1-yl]benzenesulphonate) = Sigma- Aldrich AF] A]eFO =
7| EEA L Table 29} 2t}

2-2. EXHAIS

GAIRRS] TRl I Acid yellow 149] S2PE-5-5 ¢oR 7]
98], 2715 5 100 gmL2) Acid Yellow 14 8% 50 mLol] thatod,
HAA 'S 50~500 mg(AZ7 5 AF) B ol ZHzF g=A f
o] Y, 2] -8 (Jeio Tek, BS-21)01141 298 K, 100 rpm
ZOF 24N B FARA F 5 FEE UV-Vis 355 %

7](Shimadzu, UV-1800)°ll4] & 543 408 nme] §4 =5 =
ato] Al pHell o)k S2te] Jaks dofrr] f18te] Acid
Yellow 14 100 mg/L. -9 50 mLE NaOH2} HCIS AFg-8fe] 22}
pH 3~112 W= $- 100 mL fre]oll Wi 352 271 07 244]7F
61—.9_;] El——g}oﬂ E}

S5 2492 208,308, 318 Kol A 7]
yellow 14 £ 50 mLel| 3] ﬂ/‘é‘ﬂ'é
Aghe] WelellA zhzt el J a1 524 327 Z(Jeiotec,
BS-21)°A] 100 rpm&] 5= 24/\17& A FAAATE s &
ZF& T AL Acid yellow 149 271555 50, 100, 150 mg/LE

k!

& 100 mg/LR]] Acid
50~500 mg(°]3}F 171+

el & dl At FatE7gol %ﬂ%‘—%‘ = ﬂﬁi} J%Xl 3t Z 5k Aol A 100 rppm e 2 F2E ol g g wlj7hA] mjAIgE
w3l Rzt st SRS E APE 59 cid Yellow 142] % HE o] a5 ST 52525 T2 298, 308,
NEE FHLE 5o FRNESl nH e Y-S vFste] 59 318 KolA 716 100 mg/Le] Acid yellow 14 -89 50mLel| 3
Table 2. Characteristics of Acid Yellow 14
Structural formula Chemical Formular M.W. (g/mol) Aax (M) Color index
Cl SOzNa
XX
Q“\ %EN - Cy6H;;CLN,NaO,S 44924 408 18960
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3-1. EME HUIER| HEk

Fig. 1°] FX]27dgke] 715kl uhZ Acid Yellow 142] 521
5 Wskel FAA e S-S 2ol YERISTE 16
B ZAJeke] FQlek Zvto] ule) Acid Yellow 142] SRS
ko=, /3R] Tl o] 50 mgellAl 500 mg o2 F713te]
e} F2ES 31.2%014 99.9%2] 52H&-S vERA), A9
o)A ekn)o] E ekl FAJELS] Eoleko] 5( mgoﬂ/\ﬂ 200 mgl Z
Z7Vskel wht 31.2 mg/golA] 22.43 mgO & kulatA 7HAakA|uk
250~500 mg TRFolM= 718717 71441 18.64 mg/gelA 9.9 me/g
w2 A Zhasict, A3 el ot GA S 500 mg T
Acid Yellow 14Z 99.9% A1 A& = lvk, 18uf 2 E-& 0419

712717} 200 mgZHA| 7}k 718715 HolA|gE 21 o] $-2] 715717}
S’,}-U]—z;HX%}ﬂ =] 7]-6]: nHu] ’0‘;(]— T,\i_%% TIE 01”4 7O F L].
], 24ke] whel Ak BAWT 250 mg oA 20 m/g Olo}i
ol 7] wiitel v a&Aoletar ks o], FANE-E T oo
T FAFE A 011 sk H A7 S 89.7%2] SR MEES
YERH 200 mg 92 & 5 U3

mH m

T

3-2. pHe| Y&k

EerS ARESE Acid Yellow 142] 52l Q1A pHZ| &-21ell
v A= QS dohdy] f1ste] As A¥h= Fig. 29} 72| pH7}
shol s FARME-Eo] FTlshe 210 % ekt 4 pHi= 3
OJAIL, FEHEE 98.7% %2 HERSTE 7P w2 FEEES 1o
= pH 112 87.4%% ¥Havh 22 2 olA 589l AH8-8t
A 93k wlo] FME-go] 89.7%U S IS A gl pl—l
3~50l1A1 ©F 7~10%2] F2HEo] B 21 o 7 It 1 ol
EAdeke] S A G A eA ol =, Acid Yellow 14+
allzfste] SOy, CI &2 #o] Fole el E 2= 2do] ek
= 717 Qleo] ZallAA Fte] o] 2k ¥7] wiitoltH12].

3-3. S2EAEY oM
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Fig. 1. Effect of carbon dose on adsorption of Acid Yellow 14 (C, :
100 mg/L, 298 K).
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Fig. 2. Effect of pH on adsorption of Acid Yellow 14 (C, : 100 mg/L,
AC : 200 mg, 298 K).
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Fig. 3. Langmuir isotherms for adsorption of Acid Yellow 14 onto
activated carbon at different temperatures.

A= Fdshs Aol Qall F2o] dojub F3he EApAte]of 4
AL gtk Pgsig o, the ) e AlS A AT

11,1
_t —
KLCE Qo (1)

1
q.
oA71M q= S2A ST S 29 Kmgle), Ca
’le—ﬂ/] .»LO:] %;E(mg/L) Q g]_ KLO ]Eﬂq}zx‘»ﬁ_a‘cﬂ} i;’d—ﬁ:
=9} #A%E Langmuir A<=t} Fig. 3% Table 35 R, 257}
7Y Q= 30.219, 39.463, 47.816 mg/gC 2 Z7I8ISIT) 1
By e S delE e A EE YERE 2 ghol
0.913~0.954° % Aﬂﬂﬂ S25z Fo AY W& Fo= 1}
ERpA] FERMZR S-S Wik S3to] obd 7hs Aol Wtk 9

= AT 12].
Langmuir®)-2 o537 22 724 28 A5, RS AFEete] &
Hajz)e] AR BERIE 4 ol 548 717 ok,
R, = —— )
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o114 240 AL 0yt BN SLow G} Ak
B840 2 4 ek 28 2 4 ALI13]
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Table 3. Langmuir, Freundlich and Temkin isotherm constants for
adsorption of Acid Yellow 14 on activated Carbon

Isotherms Parameters Temperature (K)
303 313 323
Q, (mg/g) 30219 39.463 47.816
Langmuir K, (L/mg) 0.614 0.504 0.531
R, 0.016 0.019 0.018
I 0913 0.948 0.954
Kp (mg/e)(L/mg)" 14,548 18.146 20.943
Freundlich 1/n 0.204 0214 0.243
I 0.983 0.997 0.994
B (J/mol) 5.101 6.742 9.164
Temkin Ky (L/g) 11.008 9.444 6.636
I 0.956 0.985 0.982
3-1-2. Freundlich 52-& 22
Freundlich= S&A)9] 2 EU3t oUX| 2 EEH o] glo

o], CHEA50 2 Fajo] o] o]

Atk Bksto] ohe 218 AN

.
logq, = logKF+IlllogCe 3)
P Cae FAAL) BRE L), o FAA) HAA
(mg/g)°1L, Freundlich 4% K& F2HA12 285, n& T3

73 LFERITE. Fig. 49} Table 3023E], © 3to] 0.983~0.997
Aol thet YAE=7} 71 .01, 58] Langmuir 250} 015 oA
Bilat ool ojsl) AeH 0w FHun], 2 chEAEE o]
dofip= A o7 Ak rH12]. FHEHK )= 257} Hopds
= 14.548<18.146<20.943 mg/g =0 7 S5t} £ ool 3
7He R AT (1/n) FE 0.204~0.2430 % o} APl Tzt

o] 7Vt MY (1/n = 0.1~0.5)l &3Th= 1S & 5= AATH14].
3-1-3. Temkin 525212
o] A2 & o] BE o] tiaf] 252 3=l S2ef
A7} el Mg o= FhAsittar 7Pdstkar Qlok
qd,=BInK,+B1InC, “)

©3714 B(=RT/bs J/mol)y &
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Fig. 4. Freundlich isotherms for adsorption of Acid Yellow 14 onto
activated carbon at different temperatures.
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Fig. 5. Temkin isotherms for adsorption of Acid Yellow 14 onto acti-
vated carbon at different temperatures.
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In(q,—q,) = Inq, -kt %)
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qu

714 q,2F gz 22 F@gEE ¢ ARl F3E Acid Yellow
1421 Hmg/g©l™, k& FAFIAIGEZAR(1/h), k= Al
HRSS g (g/mg helth iz ARPS SR 2 thy 4o 1
ehdict.

_(C,-C)V

q W G

H FAAG A2 AAEES AR WSS EA ] 28
éﬂri Fig. 61, AR} bS] o] 283 A= Flg 700
27k el o R LAl sl gEs ARt
ks é% Table 40l LFERHTE. Sie2le] g A2 s UrEM«t—
& FAFAAREG4: 24 (0.889~0.997) HUt frAfo| 2 k4552
(0-999)01 Y 7)ol EAetel] 93t Acid Yellow 142] &2y
AL SAf xS T Ao o 2 Uk A4S oF = 01041:]. =3k A

=

el okr

N

A0 ® T BT ) B B, o) VIS 22}
WBEL-S-(error percent)y= T-SIATE
Error percent = decal"Geep , 1 (8)
e, exp
Table 404 2 <= 9150] Acid Yellow 142] Z7]5%7} 10, 20, 30
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Fig. 6. Pseudo first order kinetics plots for adsorption of Acid Yellow
14 onto activated carbon at different initial concentrations
(AC : 200 mg, 298 K).
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Fig. 7. Pseudo second order kinetics plots for adsorption of Acid
Yellow 14 onto activated carbon at different initial concen-
trations (AC : 200 mg, 298 K).
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Fig. 8. Pseudo second order Kinetics of adsorption of Acid Yellow
14 onto activated carbon at different temperature (AC : 200
mg, C, : 100 mg/L).
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HES-E 2ol 4-g5te] bl 3107 7F REg- oA o] Hgg2h
i} £G5S A A= Table 59 2T Al 7HA] 2 50llA
B A2AS @Y 0999 odolar, HHERRE Adgk eaks
9% OJUOIA] FARANESEG Ao 2 Hslsh= s & 4= Q).
TSk RS2 7} VRS R e AEo] Sk S
A, L7 gebdrs ARIE Gt olSmd| I o=
% A W 2R X wEA F2o] HS7] wi
- oﬂ uu]-g] 1:1;]—3]_037] uH_,_o]E]. 16]
Table 590 AT &2t (7)3 (9) 2 0 =FE] -5k deh4] 9
ZHE =S SEste] Uehdth Gibbs AHFolUA M Sk &
22571298, 308, 318 K= 75 —5.639 > —6.304 > —14.510
kJ/mol &0 2 Zo}x7] uiTo]| 57} &2t 242 Tk ik
dol  Eolxltk= A& & 4= Uk gk g whel| o) gt Acid

=

Tk wr Flf

71
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Table 4. Pseudo first order and pseudo second order kinetic model parameters of adsorption of Acid Yellow 14 by activated carbon for different

initial concentration at 298 K

Initial concent-ration Qeexp Pseudo first order kinetic model Pseudo second order kinetic model
(mg/L) (mge) Qeca (MEQ)  error (%) k; (h) r Qeca (MZ/g)  error (%) ky (g/mg'h) r
50 6.194 10.881 75.67 0.765 0.889 7.093 14.51 0.086 0.999
100 12.463 14.191 13.87 0.372 0.997 11.148 10.55 0.042 0.999
150 18.322 21.923 19.65 0.340 0.969 19.830 8.20 0.018 0.999

Table S. Pseudo second order kinetic model parameters of Acid Yellow 14 on activated carbon at different temperature at C, : 100 mg/L

Pseudo second order kinetic model

Temperature (K) Qe (ML) Qoo (M) Error (%) o (/g ) Z
298 12.342 13.263 7.46 0.041 0.999
308 13.817 14.437 4.49 0.077 0.999
318 15.437 16.759 8.56 0.149 0.999
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Table 6. Thermodynamic Parameters for Adsorption of Acid Yellow
14 on activated carbon at different Temperature

Temperature (K) InK,; AH (klJ/mol) AG (kJ/mol) AS (J/mol K)

298 2.276 -5.639
308 2.462 1253 -6.304 4354
318 5.488 -14.510

Yellow 142 272 Gibbs Aol AW 3}gko] Uxtk
F&ko] ofedQl AG=-20~0 kl/mol H$ell Z53}17] wj&of %
Ao APHATE= AL FIsiri17]. AutF o g e
Hl—oﬂa]_p_oi X]GHE]—E— 71 o7 O]'Eﬁzﬂ 991\_0_14_ oﬂ)\]—gzj/l
A F RGN = FF FANRE o R FEE 5 Qv &
Om, o]g} e A3E vhERd A7) B AT 15,18,19].
AEZ 1) WEgto] k<] 2h(+435.4 Jmol K)?l A& DA Ele]
Sk Acid Yellow 142] 313}g o] Fola] Fao] dojul= 52 Acid
Yellow 148] =) 1A= o] Sld & #A}=0] £ T o7 W&
How 3] mAA AN FHAAME7} ST el wet A xﬂ FEA
2] 2 ETE F7ERtel i AR A TH20]. IET] WSt
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2370 FEREE o Y] v 2Tkl 3 F3 A

EE AR AS & S AT 19].
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oo A= ok & A kS ALE-51] Acid Yellow 14 P25
skt 3t Sy S5 wl A9} gafu]E o
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r}ru Elol'

(1) g ebo]l 23tk Acid Yellow 14 B =2 &2 Acid Yellow
147} 32lste] SOy, CI 53 Zo] Fol& AHE HEE S48k
o] ool *Pﬂﬁ = A9l pH 3~50014 oF 7~10%2]
Fago]

) 7;7‘_%_—73, E%?}ﬁ]% 71: B3t A3 Freundlich 2]©] Langmuir
2137} Temkin 2] Bt} o] 2 2209w Freundlich 2]2] %718 1/n 7k
(0.204~0.243)7} Langmur 2] ©. = -3+ R; #k(0.016~0.018).2. = H-E]
A ekl 2131 Acid Yellow 14 G 89) F2txzo] ol gyjx o7
x]sﬂ F.J 2= Oh:].l: 74& ol-oh;]_ ﬁﬂy]_;] Temkin A]g] E‘ii)—oﬂ;vr_].g‘i)g
S(B)= 5.101~9.164 J/mol & B2 &AL US Ut}

33 B A o] Tk T kA als Bl nkeE T }_\710 Qe Ay =
AR REGE =2 o] TrAP”x}t&S—éE tel vls &
AR FY A A eaes w5 %Q%Eélé’i oflxf=
15% oJUiaL, 25 SRS S = 9% OME zh gorct.

(4) EAJetol] tist Acid Yellow 14 95°] &
275 Gibbs AHTelUX|gko] FAskS7]

A= A o7 VERtaL, ey Wahe ok %k(+78. kJ/mol) 2.
UERbA Ao % 28-S dsit)

Nomenclature
B : Temkin constant related to heat of sorption (J/mol)
by : Temkin isotherm constant
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olF

A

9e

: equilibrium liquid phase concentration (mg/L)

: initial liquid phase concentration (mg/L)

: liquid phase concentration at time t (mg/L)

: free energy Gibbs (kJ/mol)

: enthalpy (kJ/mol)

: rate constant of pseudo first order adsorption (h™')

: rate constant of pseudo second order adsorption (g/mg-h)

: adsorption separation factor

: Freundlich isotherm constant related to adsorption capacity
(mg/g)(L/mg)""

: adsorption energy constant of Langmuir adsorption isotherm
(L/mg)

: adsorption energy constant of Langmuir adsorption isotherm
(L/mg)

: Temkin equilibrium binding constant (L/g)

: Freundlich isotherm constant related to adsorption intensity

: equilibrium solid phase adsorbate concentration (mg/g)

Qecqr - adsorption capacity at equilibrium, determined from pseudo-

qe,exp

9o

9

s<=S "B wER

first-order or pseudo-second-order model (mg/g)

: adsorption capacity at equilibrium, determined from the experiment
(mg/g)

: Langmuir constant in relevant to maximum monolayer adsorption
capacity (mg/g)

: amount of adsorption at time t (mg/g)

: gas constant (8.314 J/mol K)

: dimensionless separation factor

: correlation coefficient

: entropy (J/mol K)

: time (h)

: absolute temperature (K)

: volume of solution (L)

: mass of adsorbent (g)

References

. Zhao, X., Ma, S. Q. and Lu, G. Q., “VOC Removal: Compari-

son of MCM-41 with Hydrophobic Zeolites and Activated Car-
bon} & Fuels, 12(6), 1051-1504(1998).

. Yoshida, H., Okamoto, A. and Kataoka, T., “Adsorption of Acid

Dye on Cross-Linked Chitosan Fibers: Equilibria) Chem. Eng.
Sci. 48(12), 2267-2272(1993).

. Fernandes, J., Kiwi, J., Lizama, C. Freer, J., Baeza, J. and Man-

silia, H., “Fractoria Experimental Design of Orange Il Photocat-
alytic Discoloration} J. Photochem. Photobiol. A151, 213-219
(2002).

. Samiey, B. and Toosi, A., “Kinetics and Thermodynamics Adsorp-

tion of Congo Red on Cellulose}’ Central Eur. J. Chem., 8, 906-
912(2010).

. Ismadji, S., Sudaryanto, Y., Hartono, S. B., Setiawan, L. E. K.

and Ayucitra, A. “Activated Carbon from Char Obtained from Vac-
uum Pyrolysis of Teak Sawdust: Pore Structure Development and
Characterization] Bioresour. Technol. 96, 1364-1369(2005).

. Ashraf, M. A., Hussain, M., Mahmood, K., Wajid, A., Alias, M.



10.

11.

12.

13.

LIRS 0]-8-3

i

Y. Y. and Yusoff; L., “Removal of Acid Yellow-17 Dye from Aqueous
Solution Using Eco-Friendly Biosorbent, Desalin. Water Treat.,
51(22-24), 4530-4545(2013).

. Porselvi, E. and Krishnamoorthy, P., “Removal of Acid Yellow

by Agricultural Waste Porselvi E? J. Mater. Environ. Sci., 5(2),
408-415(2014).

. Lun, Y. K., Fung, L. K., Fong, M. S., Kwong, C. W., Nok, N. T.

and Xinging, C., “Assessment of Sericin Biosorbent for Selective
Dye Removal, Chin. J. Chem. Eng., 20(3), 426-432(2012).

. Malik, P. K., “Use of Activated Carbons Prepared from Sawdust

and Rice-husk for Adsorption of Acid Dyes: a Case Study of
Acid Yellow 36, Dye. Pig., 56(3), 239-249(2003).

Alkan, M., Demirbas, O. and Dogan, M., “Removal of Acid Yellow
49 from Aqueous Solution by Adsorption] Fresen. Environ Bull.,
13(11a), 1112-1121(2004).

Igbal, J. Wattoo, F. H., Wattoo, M. H. S, Malik, R., Tirmizi, S.
A., Imran, M. and Ghangro, A. B., “Adsorption of Acid Yellow
Dye on Flakes of Chitosan Prepared from Fishery Wastes, Arab.
J. Chem., 4, 389-395(2011).

Ciobanu, G,, Harja, M., Rusu, L., Mocanu, A. M. and Luca, C.,
“Acid Black 72 Dye Adsorption from Aqueous Solution by Hydroxy-
apatite as Low Cost Adsorbent] Korean J. Chem. Eng., 31(6),
1021-1027(2014).

Lee, J. J., “Isotherm, Kinetic and Thermodynamic Characteristics
for Adsorption of Congo Red by Activated Carbon, Korean Chem.

3k Acid Yellow 14 S2ho]| tf

pal

15.

16.

17.

18.

19.

20.

o 93, B8 5 A5} sfefolele] Qi

261

> b BN

Eng. Res., 53(1), 1-7(2015).

. Durala, M. U., Cavasa, L., Papageorgiouc, S. K. and Katsarosc,

F. K., “Methylene Blue Adsorption on Activated Carbon Prepared
from Posidonia Oceanica(L.) Dead Leaves: Kinetics and Equi-
librium Studies,’ Chem.l Eng. J., 168, 77-85(2011).

Sivakumar, P. and Palanisamy, P. N., “Adsorption Studies of Basic
Red 29 by a Non Conventional Activated Carbon Prepared from
Euphorbia Antiquorum L} Int. J. Chem. Tech. Res, 1(3), 502-
510(2009).

Lee, J. J., “Adsorption Kinetics and Thermodynamics of Adsorption
Brilliant Blue FCF Dye onto Coconut Shell Based Activated
Carbon} Korean Chem. Eng. Res., 53(3), 309-314(2015).
Monika, J., Garg, V. and Kadirvelu. D K., “Chromium (VI) Removal
from Aqueous Solution, Using Sunflower Stem Waste}' J. Haz-
ard. Mater., 162, 365-372(2009).

Mital, A., “Adsorption Kinetics of Removal of a Toxic Dye,
Malachite Green, from Wastewater by Using Hen Feathers} J.
Hazard. Mater. B133, 196-201(2006).

Sulak, M. T. Demirbas, E. and Kobya, M., “Removal of Astrazon
Yellow 7GL from Aqueous Solutions by Adsorption onto Wheat
Bran}’ Bioresour. Technol., 98, 2590-2598(2007).

Ngah, W. S. W. and Hanafiah, M. A. K. M., “Adsorption of Copper
on Rubber (Hevea Brasiliensis) Leaf Powder: Kinetic, Equilib-
rium and Thermodynamic Studies] Biochem. Eng. J., 39, 521-
530(2008).

Korean Chem. Eng. Res., Vol. 54, No. 2, April, 2016



