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Abstract— Experimental studies on adsorption equilibrium adsorption rate and fixed-bed adsorption were performed to
investigate the adsorption behavior of an activated carbon and the capacity of fixed-bed adsorber for the removal of
phenol from aqueous solution. The composed prediction model equations for adsorption behavior were solved by finite ele-
ment method(FEM). Adsorption behavior of adsorbent was analyzed by the surface and pore diffusion models. Both of the
models can be applied to predict the performance of the adsorbent. However, the pore diffusion model was slightly better
than the surface diffusion model in representing the experimental data. Therefore, the pore diffusion model was applied to
predict the adsorber performance by changing operational variables associated with adsorption process of phenol on the
granular activated carbon for the design purpose for fixed-bed adsorber.
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Fig. 1. Experimental apparatus for adsorption kinetics of phenol solu-
tion on granular activated carbon.
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Fig. 2. Experimental apparatus for fixed-bed adsorber studies.
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Fig. 3. Adsorption isotherm on phenol by F-400 activated carbon.
(Adsorbent=— 16/+20 mesh; 2 g/L, C,=0.5 — 5.0 mmole/L)
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Fig. 4. Comparison of experimental data with surface and pore dif-

fusion models.
(Adsorbent=— 16/4+20 mesh; 2 g/L, RPM=200)
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Table 1. Estimated film mass transfer coefficients, surface and pore
diffusivities of two models(RPM=200)

Initial Patticle

oot diameter k, x 10° D x 10
concentration 1amet 2
(mmole/L) (mesh) (w/s) (m’/s)
Surface 2 - 16/+20 9.18 632
diffusion 3 —16/+20 12.8 4.15
model 4 -16/+20 14.8 1.98
Imtt‘ralt_o za:"mceltee kx10°  Dx10°
concentration 1 T 2
(mmole/L)  (mesh) (m/s) (m?ls)
Pore 2 -16/+20 9.82 8.80
diffusion 3 - 16/+20 12.1 11.9
model 4 —-16/420 135 152
5 ~10/+16 10.2 10.4
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Fig. 5. Comparison of experimental data with simulated results us-
ing the pore diffusion model during a batch adsorption on
different particle sizes of activated carbon.

(Adsorbent=2 g/L,, C,=3 mmole/L, RPM=200)
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Fig. 6. Comparison of fixed-bed data with pore and surface diffu-
sion models at different initial concentrations of phenol.
(volumetric flow rate=20 cc/min, z=3.8 cm)
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Fig. 7. Comparison of experimental data with simulated result for a
fixed-bed according to volumetric flow rate using the pore
diffusion model.
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Fig. 8. Comparison of experimental data with simulated result for a
fixed bed according to bed length using the pore diffusion
model.

(C,=4 mmole/L, volumetric fiow rate=20 cc/min).
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C  : concentration in bulk liquid [mmole/L}

C, : concentration in bulk liquid start of adsorption run [mmole/L]

C. : concentration in bulk liquid at equilibrium [mmole/L]

C, :concentration in pore within solid at radius [mmole/L]

d, :average particle diameter [m]

D : diffusivity [m’/min]

D, :axial dispersion coefficient [mzfmin]

D, :effective diffusivity in particle in pore diffusion model [m*/min]

D, :effective diffusivity in particle in surface diffusion model [m*min]

k, :mass transfer coefficient between liquid and outer surface of
particles in fixed-bed column test [m/min]

k, :film transfer coefficient in batch reactor test [m/min]

K  :adsorption equilibrium constant

L  :column length [m]

m, :mass of carbon particles [g]

n  : Freundlich isotherm exponent

Pe, : Peclet number

q. :internal concentration in particle at equilibrium with C, in batch
reactor test [mmole/g]

q. :internal concentration in particle at equilibrium with C, or C,
[mmole/g]

r  :radial coordinate in carbon particle {m]

R :particle radius [m]

S, :outer surface of carbon particles per unit volume of particle-free
slurry [m’/m’}

t  :time [min]



u :interstitial velocity {m/min]

z  :axial coordinate of column [m]

azjojlA 2K}

B :modified Sherwood number, ref. to Eqgs. (5) and (8)

€, :porosity of the bed

€, :porosity of carbon particle

€ :dimensionless coordinate

© : dimensionless bed length parameter, ref. to Eq. (12)

kK :accumulation capacity by Freundlich contribution, ref. to Eq. (8)

v :constant, ref. to Eq. (12)

£  :parameter

p, :density of carbon particle [g/L]

T :dimensionless time

¢ - : dimensionless concentration, C/C,

¢, :internal dimensionless concentration in particle, C/C,

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

¢ :dimensionless radius of particle, 1/R,

ARHX}

*  :particle phase

SHAX}

o :initial or entrance condition

b :bed

e :equilibrium

r :radial
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