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Abstract — Activated carbon was used as an adsorbent to capture benzene vapor from gaseous stream of nitrogen in a
fixed-bed to obtain the breakthrough data. The deactivation model is used to analyze the adsorption kinetics of benzene
vapor using the experimental breakthrough data. The experimental breakthrough data are fitted very well to the deacti-
vation model than the adsorption isotherm models in the literature.
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Fig. 1. Schematic flow diagram of a fixed bed apparatus.

1. Gas bomb 7. Sample

2. Mass flow controller 8. Glass wool

3. Flow indicator 9. Temperature probe

4. Saturator 10. Temperature controller

5. Heating line 11. GC(gas chromatography)
6. Furnace 12. Personal computer
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Fig. 2. Effect of flow rate of inert gas on the breakthrough curves of
benzene vapor at T=30 °C, w=3 g and T;=25 °C.
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Table 1. Rate parameters for various experimental conditions
T(°C) Q(cm’/min) w(g) T,(°C) P, (atm) k,x107(m/min) k (m>/kgmol-min) r
30 80 3 25 0.1252 1.817 0.146 0.997
30 100 3 25 0.1252 1.818 0.143 0.999
30 120 3 25 0.1252 1.828 0.149 0.997
30 150 3 25 0.1252 1.824 0.142 0.996
30 120 3 25 0.1252 1.828 0.149 0.997
30 120 4 25 0.1252 1.819 0.146 0.996
30 120 5 25 0.1252 1.817 0.144 0.998
30 120 3 25 0.1252 1.828 0.149 0.997
30 120 3 30 0.1570 1.831 0.152 0.997
30 120 3 40 0.2405 1.830 0.141 0.998
25 120 3 25 0.1252 1.718 0.129 0.995
30 120 3 25 0.1252 1.828 0.149 0.997
40 120 3 25 0.1252 2.753 0.184 0.997
50 120 3 25 0.1252 4210 0.225 0.998
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Fig. 3. Effect of amount of activated carbon on the breakthrough
curves of benzene vapor at Q=120 cm3/min, T=30 °C and

T,=25 °C.
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Fig. 4. Effect of saturation temperature on the breakthrough
curves of benzene vapor at Q=120 cm’/min, w=3.0 g and

T=30 °C.
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Fig. 5. Effect of adsorption temperature on the breakthrough
curves of benzene vapor at Q=120 cm3/min, w=3.0 g and
T,=25°C.
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Fig. 7. Comparison of the models in describing to the break-
through curves of benzene vapor according to Table 2.
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Table 2ol YR, S22, 30 °C, 3SR, 25 °C, A
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Table 2. Selected adsorption isotherms to fit the breakthrough data of benzene vapor for comparison with the deactivation model

Adsorption isotherms

Mathematical representation of adsorption isotherms

Linearized forms Parameters and correlation coefficients

< L1 b a=36.26
Langmuir y = a -=—+= b=40.80
(1+bx) y ax a P =0.9599
a=1.0913
Freundlich y=ax’ In(y) = In(a) + b In(x) b=0.3298
?=0.9685
Brunauer-Emmett y = X X atbx E:()]g?z
“Teller (1-x)(a+bx) y(1-x) 2=0.3901
Dubinin a=0.8811
-Radshkevich y =aexp[-b In*(x)] In(y) = In(a) — b In*(x) b=10.0602
-Kagener ?=0.9788
Deactivation model x according to Eq. (8) l;”r_: 3.110
. . ,=0.147
(this study) y according to Eq. (9) 2=0.9983
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