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Removal of Phenol by Granular Activated Carbon from
Aqueous Solution in Fixed-Bed Adsorption Column :
Parameter Sensitivity Analysis
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The adsorption experiment of phenol(Ph) from aqueous solution on granular activated carbon was stu-
died in order to design the fixed-bed adsorption column. The experimental data were analyzed by un-
steady-state, one-dimensional heterogeneous model. Finite element method(FEM) was applied to analyze
the sensitivity of parameter and to predict the fixed-bed adsorption column performance on operation
variable changes. The prediction model showed similar effect to mass transfer and intraparticle diffusion
coefficient changes suggesting that both parameter present mass transfer rate limits for GAC-phenol sys-
tem. The Freundlich constants had a greater effect than kinetic parameters for the performance of fixed-
bed adsorption column. FEM solution facilitated prediction of concentration history in solution and

within adsorbent particle.
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Fig. 1. Experimental apparatus for fixed-bed ad-
sorption column.
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Table 1. Molecular diffusion and axial dispersion coefficients

Components Flow rate Molecular diffusion coefficient Axial dispersion coefficient
(cc/s) Dx10'"%(m%s) D x 10°(m%/s)
Phenol 0.333 5.57 1.22
0.167 5.57 0.63
Table 2. Film mass transfer and pore diffusion coefficients
Components | Initial conec. Flow rate Bed length kex 10° Dpx10"
{mmole/L) {cc/s) {m) (m/s) (m%/s)
1 0.333 0.038 11.34 12.7
2 0.333 0.038 15.23 8.80
3 0.333 0.038 17.81 11.9
Phenol 4 0.333 0.038 21.50 9.34
4 0.167 0.038 5.48 9.34
4 0.333 0.065 20.73 9.34
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Fig. 3. Comparison of experimental data and simu-
lated results for initial concentration
changes. (volumetric flow rate=20cc/min, z=
3.8cm}
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lated results for volumetric flow rate
changes. (C,=4mmole/L, z=3.8cm)
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Fig. 9. Effect of the pore diffusivity changes for

packed-bed performance. (K=1.473, 1/n=1.
00, D,=3.34E-8m’/min, D,=2.14E-10m*/
min, k,=1.34E-3m/min)
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Fig. 10. Effect of the pore diffusivity changes for
packed-bed performance at 10k; (K=1.
473, 1/n=0.332, D, =3.34E-8m*/min, D,=

2.14E-10m’/min, £,=1.34E-3m/min)
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C : liquid phase concentration [mmole/L]

C, : initial liquid phase concentration [mmole/L]

C. : equilibrium liquid phase concentration
[mmole/L]

C, : solid phase concentration at particle radius
[mmole/L]

d, :average particle diameter [m]

D : molecular diffusivity [m?/s]

D, : axlial dispersion coefficient [m>/s]

D, : pore diffusion coefficient [m?/s]

k; : film mass transfer coefficient [m/s]

K adsorption equilibrium constant

n : freundlich isotherm exponent

: mass Peclet number

gq. : equilibrium solid phase concentration
[mmole/g]

r : radial coordinate in carbon particle {m]

R : particle radius [m]

t : time [s]

u : interstitial velocity [m/s]

z : axial coordinate (m]

ae]e] A ER}

£, : bed porosity

¢, : particle porosity

& : accumulation capacity by Freundlich con-
tribution, ref.to eqns (12}

¢ : dimensionless bed length parameter, ref to
eqns (7)

© : constant, ref to eqns (7)

¢ : dimensionless bed length, z/L

pp : density of carbon particle [g/L]

¢ : dimensionless time

¢ : dimensionless concentration, C/C,

¢ : internal dimensionless concentration in par-
ticle, C./C,

¢, : internal dimensionless concentration at outer
surface of particle, C,/C,

v : dimensionless radius of particle, r/R,
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3

: particle phase

L

o : initial or entrance condition
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: equilibrium

: fluid

: logitudinal direction
: radial
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