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Equilibrium Kinetics and Thermodynamic Parameters Studies for
Eosin Yellow Adsorption by Activated Carbon
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Abstract Eosin yellow is used a dye and colorant but it is harmful toxic substance. In this paper, batch adsorption
studies were carried out for equilibrium, kinetics and thermodynamic parameters for eosin yellow adsorption by
activated carbon with varying the operating variables like pH, initial concentration, contact time. Equilibrium
adsorption data were fitted into Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherms. By estimated

. . 1 .
Langmuir constant value, R;=0.067-0.083, and Freundlich constant value, P 0.237—0.267, this process could be

employed as effective treatment for removal of eosin yellow. From calculated Temkin constant, value, B=1.868-2.855
J/mol, and Dubinin-Radushkevich constant, value, E=5.345-5.735 kJ/mol, this adsorption process is physical
adsorption. From kinetic experiments, the adsorption process were found to confirm to the pseudo second order model
with good correlation coefficient(r’=0.995-0.998). The mechanism of the adsorption process was determined two step
like as boundary and intraparticle diffusion.
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[Table 1] Physical properties of granular activated
carbon
Properties Unit Value
Average particle size mm 1.638
Specific surface area mY/g 1,735
Density(at 25C) (g/mL) 0.48~0.55
Todine value mg/g 1,000
Methylene blue value mL/g 180
ash % <10
[Table 2] Identification of eosin yellow
Chemical Color LDs
formular MW. index Oral rat
; Acid
CooHeOsNaoBry 47738 Red &7 2,344 mg/kg
o
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[Fig. 11 Molecular structure of eosin yellow.

tol

i)

gy b N

o6 oMM
e

1

fz
&l

)



9%t 93t Eosin Yellow®] F2to] gt B3, 3t A 43} wetn|gof #3 A+
50 mLe] EY &% A& ekS 9a 9524 323 AollA] + eI otxld Sdee] mHskde s W
g71014 100 rpme] SE=2 wnkslvh B wdst & Ado|w, pH/} FUHErE v Riske
W ogAgt T ANE /TR FEEE Tl A EHEA77F AN EYS ST 2AE] Wi
THEE 57435t EYS 325 ZAsh pH W3k ¢l Ao =m sl ol
P& EY &9 Ax7]E0® 100mgd] AASEE
W k-89 (pH 3~5 : CHsCOOH- CHsCOONa, pH 6 100
~8 1 KH,PO4~K:HPO,, pH 9~11 : NH,CI-NH,OH)& g 80
/<47].0}o:] UAN7F BHN AT SLEAYPAF O 5 =
(]
298K0ﬂ/\1 A4 pHZ 249 10 mg/Le EY &9 5§ 0
50 mLoﬂ A EE 10~200 mg (2714 ) 19 S 10
oA ThEA Fdele] 4A3 GG A BME 2
o
Aok 21sEd FAEEAYe 208 KA 22t 10, 5 2
20, 30 mg/Le] EY €9 50 mLE 4 pH= 2% t} 0 ‘ ‘ ‘ ‘
S 100 mgS W3 B =BT wrpx] A O T0 . E0 300 400 800
AT) ol Zo ool 1 F A EYe] B | A7) 7 Activated carbon dose (mg)
Ao g ZAsle] BAEg) [Fig. 2] Effect of activated carbon doses for adsorption
of eosin yellow.
100
3. 2t # 1 H =
= 80
oy
3.1 Extn|o| o AX S w0l
27151 10 mg/Le] BY 69 50 mLo) djgle] 24 £
& 4TS 50~300 mg @571%@&@ el 50 5 Y
>
mg S92 T2 dkela 5T 1247 " 2 g
(o]
@ 4512 Fig. 20] YeiQc 191 e B4ue 5 &
9% 70wl Evel FA8% Fuksker, 24w "2 ‘ . 5 w0 1
F¢J %ol 50, 100, 150, 200, 250, 300, 350, 400 mg¥d pH
Z}Y7}F 59%, 6%, T9%, 81%, 84%, 86%6, 90%, 93%2] AIA [Fig. 3] Effect of pH on adsorption of eosin yellow by
&2 vehih Ag At sk 400 mg FYA e F granular activated carbon.
A5 74 =] B B A6 A | o) (Co=10 mg/L, GAC=100 mg).
L ExZo] 2 E Eoly &3k
oﬂ\_ H]:Z'gg] 01’7}3—'1&0] %‘"ﬂ'ﬂﬂ ]—‘EH"‘OS] T?ﬂ% -\Oiz‘l ﬁa%@.ii 76%93“3 21]7‘]%—% DH Ziéjoﬂ 9/]8H, pH3
9] ¢ S 2F 1k = Ayl d
A ] FHEAE S WA o EA g g0y 21 ok w0eE AAele A9 @
% Y Frtads Z‘—*]’fﬂ’ﬂ Aate] el £ o} 2430 Ao HAzA9 pH 308 =A% Aeo]
F5 100 mgo= gt FEAES FPh A a9}
3.2 pHE S2d3 3.3 SSSABY sy
follo 3 2 EY £99] ZREALS F
41 p Wsfel w2 BY $4e] SA542 Fig 3 £ o gamanse o 38 318 Kol 217} 2l
} o Bxz0
o] JERNATE pH 3014 7Hg =2 99%29] az—}gaoﬂuf At} EYe] E4-24e] tat A1 fzi =) ot 3
o Z7)e = 3 ok ojojo] - _
Bzl o, DH7}L TrREs st @79 BE 7] 9lsted AYPFES Langmuir, Freundlich,
2J= o (9 0 1o SO Wl
PH 8~1101415= of 55%6~20%6] w2 AZI&-S Wl Temkin % Dubinin- Radushkevich 4]ell %-&3F v}
o} o] A2 ol 958l EYZF pH7E W 2

3321

Fig. 49} z-ow Table 30 A<=3k5-3 E3sto] Yehith



A& =R Al5A 5B, 2014

>
E
=2
L2
o
- e 208K
0.05 ] 308 K
v 318 K
Plot 1 Regr
000 L L L L L
0.0 0.2 0.4 0.6 0.8 1.0
11Ce (L/mg)
(a) Langmuir
m//
5 /M’Q/
o |
£ r
° |
o
| e 208K
o 308K
v 318 K
, L L
1 10
Ce (mg/L)
(b) Freundlich
20
15 —
=
o
e 1r
()
o
= e 208K
o 308K
v 318K
0 L L
1 10
Ce (mgl/L)
(c) temkin
//,_/M/v/
10 w
E .
- L
o L
o 208K
o 308K
v 318K

1 L L L L L L
0 5e+6 1e+7 2e+7 2e+7 3e+7 3e+7

2
€

(d) Dubinin-Radushkevich

L
4e+7 4de+7

[Fig. 4] Adsorption isotherms for adsorpton of eosin
yellow.
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[Table 3] Langmuir, Freundlich,
Dubinin-Radushkevich isotherm constants
for adsorption of eosin yellow on

activated carbon

Temperature (K)

Isotherms Parameters
298 308 318
Qu(mg/g) 981 1559 1670
K (L/mg) 101 1.30 1.05
Langmuir
R. 0083 0067 0080
r 09% 0982 099
K (mg/g) 5217 6930 884
A (L/mg)
Freundlich 1/ 0267 0237 020
r 091 0998 0989
B(J/mol) 1868 2151 285
Temkin Kr(L/mg) 5088 6831 8693
r 09%9 0998 0997
an(mg/e) 5473 7186 9138
Dubinin- IE}; 0)1(/11)(’)8 1750 1533 1520
Radushkevich
E(kJ/mol) 535 5711 573%
r 0931 0957 0929
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[Fig. 5] Pseudo first order plot for adsorpton of eosin
yellow at different initial concentrations.
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[Fig. 6] Pseudo second order plot for adsorpton of
eosin yellow at different initial concentrations.

[Table 4] Kinetic parameters for eosin yellow
adsorption onto activated aarbon at
different initial cncentration.

Initial concer}tration

Kinetic model Parameter

10 20 30
Pseudo (éliﬁ,'g) 1305 1830 2363
first
order ki(h) 0408 0321 0297
kinetic
model r 0974 0963 098l
Ce,cal =
Pseudo (mg/e) 14.14 2209 30.50
second
\2
order ke X 1(1)1> 2012 089 057
Kkinetic g/mg
model ,
T 0.998 0.99% 0.9%
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[Fig. 7] Intraparticle diffusion model plots for eosin
yellow adsorption onto activated carbon at
different initial concentrations.
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[Table 5] Intraparticle diffusion parameters for eosin
yellow adsorption onto activated carbon at
different initial oncentration (T=298K)

Parameter Initial concentration (mg/L)
10 20 30
km 3.503 3.698 4638
C 0.131 0.857 1.3181
r 098 0.991 0984
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