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ABSTRACT : The effects of various factors such as adsorption temperature, interstitial velocity, species
and concentration of adsorbates(benzene and toluene) and aspect ratio(L/D) on adsorption characteristics
were investigated in a fixed bed with activated carbon. The breakthrough time in a fixed bed was
decreased with the increasing of adsorption temperature, interstitial wvelocity and concentration of
adsorbates. The interstitial velocity, concentration of adsorbates and adsorption temperature had influenced
considerably upon the MTZ(mass transfer zone) and LUB(length of unused bed) obtained through the
breakthrough curves, while aspect ratio(L/D) had smaller effect than former factors. Especially, the
concentration of adsorbates among factors have the largest effect on MTZ and LUB. From comparison with
the model isotherms, such as the Langmuir, Freundlich and Langmuir-Freundlich, the experimental

isotherm data of benzene and toluene agreed farily well to three adsorption isotherm models.
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Table 1. Physical properties of adsorbent and bed
characteristics.

Particle size(mesh) 8 x 30
Specific surface area(m’/g) 1050
Total pore volume(cc/g) 0.8
Average micropore diameter(A) 20
Bulk density(g/cc) 0.45
Porosity 0.55
Bed diameter(cm) 2

Table 2. Properties of adsorbates used in the

experiment.
benzene  toluene
Molecular weight 7811 92.14
Molecular formula GHs  CsHsCH;
Specific gravity(20/4C) 0.8786 0.8669
Melting point(C) 55 -95.0
Vapor pressure(mmHg-25T) 9% 30
Boiling point(C) 80.1 1108
Ignition point(TC) 44
Critical point(C) 289 318.55
Critical pressure(bar) 489 41.0
Expansion coefficient(/ C) 0.001067
Explosive limits(%) 1.27~6.75
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Fig. 1. Schematic diagram of VOCs generation
equipment.
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Fig. 2. Schematic diagram of adsorption column at

fixed bed.
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Adsorbate : toluene
Concentration : 0.21mmol/L
Interstitial velocity : 23.6cm/sec
Temperature : 298K
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Fig. 3. The effect of aspect ratio for toluene at
fixed bed.
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Adsorbate : loluene
Concentration : 0.21mmol/L

[ Interstitial velocity : 23.6cm/sec
Temperature @ 298K
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Fig. 4. The effect of aspect ratio on MTZ & LUB
at fixed bed.
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Fig. 5. The effect of aspect ratio on adsorption
capacity at fixed bed.
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Adsorbate : benzene
Concentration : 0.2mmol/L
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Temperature : 298K
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Fig. 6. The effect of interstitial velocity for
benzene at fixed bed.

Table 3. Relationships of gas flow rate ratio and
stoichiometric breakthrough time.

benzene
118(1) 17.7(15) 23.6(2) 29.5(2.5)

Flow rate(cm/sec)
Stoichiometric

breakthrough time (min) 202(28) 153(21) %B(L3) 7i(1)

Adsorbate : benzene

| Concentration : 0.2mmol/L
Aspect ratio{L/D) : 2
Temperature : 288K
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Fig. 7. The effect of interstitial velocity on MTZ
& LUB at fixed bed.
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Fig. 8. The effect of interstitial velocity on adsor-
ption capacity at fixed bed.
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Adsorbate : benzene
Interstitial velocity : 23.6cm/sec
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Fig. 9. The effect of adsorbate concentrations for
benzene at fixed bed.
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Adsorbate : benzene
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Temperature : 298K
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Fig. 10. The effect of adsorbate concentrations on
MTZ & LUB at fixed bed.
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Fig. 11. The effect of temperature conditions for
benzene at fixed bed.
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Fig. 12. The effect of temperature conditions on
MTZ & LUB at fixed bed.
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Fig. 13. Comparision of the variation models with
experimental data.
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Table 4. Adsorption equilibrium isotherm parameter.

Isotherm Adsorbate Qmax OF k b n APD(%)
. benzene 0.00605 2.58021 2.5821
Langmuir toluene 0.00730 2.30568 1.5584
benzene 0.00476 10.4067 1.3455
Freundlich
toluene 0.00582 11.8886 1.7691
Langmuir- benzene 26.4356 0.00180 10.4066 1.3435
Freundlich toluene 1.4558 0.00402 11.8880 1.7708
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