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Thermodynamic Analysis of Phenol Adsorption by Powdered Activated Carbon
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Abstract : The adsorption characteristics of phenol by the powdered activated carbon (PAC) were investigated by series of batch
experiments. The pseudo-second-order model described the adsorption kinetics adequately with correlation coefficients over 0.999,
indicating chemical adsorption as the rate-limiting step. The kinetic rate constants were from 0.55 to 19.81 mg mg'1 min”. The
adsorption isotherm followed the Langmuir isotherm, indicating the homogeneous mono-layer adsorption onto the surface of the

adsorbent. The values of activation energy, enthalpy and entropy were 17.44 kJ mol”,
pectively. The Gibbs free energy was in the range of -2.89~-2.14 kJ mol™

spontaneous and exothermic reaction.

-8.26 kJ mol” and -18.94 J mol”" K, res-
. The results show that the phenol adsorption is physical,
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Table 1, Physico-chemical properties of experimented activated

carbon
Elementary Physical properties
composition(%) Y prop
Adsorbent -
Carbon  Oxvaen Surface  Pore size Pore volume
YO area (mPg)  (nm) (cm*/g)
GAC? 95,76 424 115622 0.415 0.64
PAC® 9421 579 106933 0407 058

AGAC: granular activated carbon, PPAC: powdered activated carbon
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Fig, 1. Effect of adsorbent dose on phenol adsorption.
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Fig. 2. First and second order plots for phenol adsorption on powered activated carbon,

Table 2, First-order and second-order kinetic parameters for phenol adsorption at 298,15 K

Adsorbent dose (g/L)

Ge.op” (MY/Q)

Pseudo-first-order model

Pseudo-second-order model

Goca” (M/g)  Kea (Min™) R Goca” (My/g) ko (mgmg'min’) R Error rate (%)
20g/L 49 .44 1,52 0.00069 0.054 4950 19.81 1.000 0.12
1.0g/L 93.73 15,31 0.00207 0.540 9433 1.82 0.999 0.64
05g/L 135,90 39 81 0.00276 0.826 136,98 055 0.999 079
02g/L 143,30 39 81 0.00276 0.807 144,92 0.56 0.999 113

a’qe_expz experimental equilibrium capacity, b)qe_ca‘: calculated equilibrium capacity
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Fig. 3. Equilibrium adsorption isotherms of phenol onto pow-

dered activated carbon,

Table 3. Langmuir and Freundlich isotherm parameters for phe-
nol adsorption

Langmuir model Freundlich model
Qo(mg/g) b(/mg) R Ke i/n R?
172.41 0089 0999 2738 0335 0929
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Fig. 4. Effect of temperature on phenol adsorption,

Table 4, Second-order kinetic parameters of phenol adsorption
according to temperatures

Pseudo second order kinetic constants

Temperature  Qeexp
(K) (MY Goca(Mg/g)® ko(mgmg™' min) R?
283.15 130.26 13158 1777 0.999
29315 12915 13158 1477 0.998
303,15 12511 126,58 2087 0.999
31815 12222 123,46 2.302 0.999
323,15 106.71 107,53 2982 0.999

a)qe_exp: experimental equilibrium capacity
Y06 ca Calculated equilibrium capacity

o] o5& _Tj_]—a]—

=211

), A= 23) HEHAS) 72
gxﬂ 2o edo) a% AE7 F 4 Ak
YA(E)E 4 (5)9F Zo] SEo] w2 27 uke
& 42 29]' 2 Aols] WAE olgsiel Lol 2
st0] 7187] 2 78 4 9lch Nollet S| oJsle,

ol x1e] Zholl wet B4 Fakat sete woa ;L—:z
Shel st e S A(5~40 ko mol )i F2i H2+

9 B Y, o 43} 011L1x1<40~8oo kJ mol™)

J?i%

-5.6

In K2
[ J

6.6 : : ; ; . . :
305 310 315 320 325 330 335 340 345
1T x 108
Fig. 5. Plot of In k» vs 1/T x 10° for the estimation of thermo-
dynamic parameters,

CHEHEIZ T arsR| | 352 X35 20134 3%

, 223



J. Kor. Soc. Environ. Eng.
stol - O|H2 - LME) - FXYR

Table 5, Calculated thermodynamic parameters for phenol ad-

sorption
H
T (kﬁn?;r‘) (JmérS‘ K" (kﬁnor‘) R’
28315 -2.89
29315 270
303.15 -2.51 -18.94 -8.26 0.964
31315 232
32315 214
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