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Abstract — Adsorption equilibrium and intraparticle diffusion characteristics of benzene, toluene, and xylene vapors
on activated carbon and zeolite 13X were investigated. Static adsorption experiments were carried out under the pressure
range of 0.01~0.07 bar while changing the adsorption temperature to 293.15 K, 303.15 K, and 313.15 K, respectively.
Adsorption equilibrium was analyzed by Langmuir, Freundlich and Toth models. The adsorption energy was 5.26~31.0
kJ/mol representing physical adsorption characteristics. The maximum adsorption capacity on activated carbon was the
largest for benzene, and the smallest for xylene. Toluene was in between. In the case of zeolite 13X, the maximum
adsorption capacity was the largest for xylene, and the smallest for benzene as opposed to activated carbon. The effective
diffusion coefficients of gas adsorbate were measured to be about 10°~10 cm?/s, and increased with temperature. As
the pressure increased, the effective diffusion coefficients were decreased. The dependence of effective diffusion
coefficients on temperature and pressure was greater in zeolite 13X particles than in activated carbon. Therefore, it is
necessary to express the diffusion coefficients as a function of pressure in order to predict the precise dynamic behavior
of the adsorption process using zeolite 13X where the pressure fluctuation occurs abruptly.
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Table 1. Properties of adsorbent and packing characteristics

Adsorbent Activated Carbon Zeoli.te 13X

(Darco Co.) (Aldrich Co.)
BET surface area [m%/g] 722.5 508.8
Solid density [kg/m?] 2080.6 2410.7
Particle density [kg/m?] 1273.5 1567.1
Bulk density [keg/m’] 392.1 630.7
Extra-particle porosity 0.6921 0.4281
Particle porosity 0.3845 0.3340
Total porosity 0.8105 0.6191

emperature displaye Pressure displayer

o]

il
il

Adsorption Cell

Loading Cell

Water Bath Pump

Fig. 1. Schematic diagram of apparatus for static adsorption experi-
ment.
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Table 2. Adsorption isotherm parameters estimated for activated carbon

Langmuir isotherm

Temperature [K]

Adsorbate
293.15 303.15 313.15
Qe [MON/E] 1.92x1073 1.52x107 1.04x107
Benzene b [1/bar] 16.83 13.59 6.944
stdev [-] 4.51x103 3.25%107 3.02x107
Qe [MOl/2] 1.25x107 1.01x107 6.83x10"
Toluene b [1/bar] 21.32 10.50 4.685
stdev [-] 2.61x107 8.40x10%° 3.43x10
Qe [MOl/2] 7.90x10"* 5.56x10" 3.94x10"
Xylene b [1/bar] 8.140 7.011 6.096
stdev [-] 1.89x10%¢ 7.54x10 1.12x10¢
Freundlich isotherm
Adsorbate Temperature [K]
293.15 303.15 313.15
k [mol/g-bar] 7.76x107 2.41x103 2.49x1073
Benzene n [In(1/bar)] 1.386 2.130 1.321
stdev [-] 6.42x107 8.01x107 3.64x107
k [mol/g-bar] 8.41x107 4.14x1073 1.53x107
Toluene n [In(1/bar)] 1.245 1.227 1.209
stdev [-] 3.16x107 1.17x107 3.08x10%
k [mol/g-bar] 3.39x107 1.30x107 1.32x107
Xylene n [In(1/bar)] 1.114 1.342 1.137
stdev [-] 1.61x10¢ 9.80x10¢ 1.30x10¢
Toth isotherm
Adsorbate Temperature [K]
293.15 303.15 313.15
m [mol/g-bar] 9.01x10* 1.25x107 4.07x10*
a[1/bar] 3.46x107 2.02x10 4.77x10°8
Benzene
t [exponent] 4458 1.526 6.369
stdev [-] 2.53%107 2.57x107 2.12x107
m [mol/g-bar] 4.48x10* 3.51x10% 7.00x10%
a[1/bar] 1.42x10? 2.79x10°¢ 2.13x10!
Toluene
t [exponent] 5.260 3.938 1.002
stdev]-] 2.32x107 6.17x10% 3.75x10%
m [mol/g-bar] 1.20x1073 3.19x10% 1.00x10*
a[1/bar] 2.14x10! 1.21x102 2.60x1073
Xylene
t [exponent] 1.014 1.8711 2.143
stdev [-] 2.31x10 7.51x10% 1.31x10¢
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Langmuir isotherm

Temperature [K]

Adsorbat
sorbate 293.15 303.15 313.15
Qo [MO1/g] 1.25x107 8.45x10™ 3.46x10"
Benzene b [1/bar] 45.67 40.84 35.26
stdev [-] 7.01x107 3.11x10% 1.36x107
Quna [MO1/g] 1.44x107 9.78x10™ 8.35x10™
Toluene b [1/bar] 33.08 28.63 25.15
stdev [-] 3.12x107 1.17x1073 1.18x107
Qo [MOl/g2] 1.82x107 1.36x107 1.18x107
Xylene b [1/bar] 1030 9.032 6.851
stdev [-] 5.40x107¢ 1.54x10° 9.47x1077
Freundlich isotherm
Temperature [K]
A
dsorbate 293.15 303.15 313.15
k [mol/g:bar] 4.95x1073 3.37x107 1.77x1073
Benzene n [In(1/bar)] 1.796 1.746 1.702
stdev [-] 9.49x107 4.75x1073 2.64x107
k [mol/g:bar] 1.23x102 6.19x107 1.11x10
Toluene n [In(1/bar)] 1.268 1372 1.073
stdev [-] 3.80x107 1.92x1073 1.28x107
k [mol/g:bar] 1.74x1072 9.69x1073 6.08x107
Xylene n [In(1/bar)] 1.004 1.036 1.051
stdev [-] 5.54x107¢ 1.62x10° 1.06x1077
Toth isotherm
Temperature [K]
A
dsorbate 293.15 303.15 313.15
m [mol/g-bar] 9.00x10 5.19x10* 430x10™
B a [1/bar] 3.09x10° 4.54x107 3.39x10™
cnzene
t [exponent] 2.761 3.814 2.651
stdev [-] 5.96x107 1.52x1073 5.13x107®
m [mol/g-bar] 8.06x10 5.66x10™ 5.01x10™
ol a[1/bar] 2.04x10* 2.54x10™* 3.01x10™
1!
oluene t [exponent] 2301 2232 2364
stdev [-] 531x107 8.98x107° 1.50x10°®
m [mol/g-bar] 4.12x107 2.93x107 1.19x107
.y a [1/bar] 1.41x10™ 1.66x107! 1.46x10™!
ene
Y t [exponent] 1342 1321 1.010
stdev [-] 5.99x10¢ 2.00x10°° 1.06x10°
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Table 4. Langmuir isotherm parameters in Arrhenius equation for BTX vapors on activated carbon and zeolite 13X

Adsorbent Adsorbate qo [mol/g] by [1/bar] -AH [J/mol] -AE [J/mol]
Benzene 1.319x07 1.891x10°® 1.690x10* 1.179x10*

Activated Carbon Toluene 1.062x107 1.113x107° 2.907x10* 1.153x10*
Xylene 1.477x10°8 2.179x10710 3.096x10* 1.334x10*

Benzene 4.815%10°® 8.092x10! 4.955x10° 1.246x10*

Zeolite 13X Toluene 2.588x1077 4.535%107! 5.260x10° 1.054x10*
Xylene 2.105%10° 1.832x1072 8.264x10° 7.797x10°
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Table 5. Effective diffusion coefficients of BTX vapors in activated carbon and zeolite 13X particles with different temperatures

Activated Carbon
293.15K 303.15K 313.15K
P [bar] D [cm?/s] P [bar] D [em?/s] P [bar] D [cm?/s]
Benzene
0.0343 53x107 0.0197 5.7x107 0.0518 6.2x10°
0.0533 22x10° 0.0296 4.0%10° 0.0616 5.7x10°
0.0684 1.5%10° 0.0445 24x10° 0.0688 2.6x10°°
Toluene
0.0491 2.6x10° 0.0635 3.7x107 0.0627 42x10°
Xylene
0.0297 1.0x10° 0.0345 1.6x10° 0.0324 2.2x10°
Zeolite 13X
293.15K 303.15K 313.15K
P [bar] D [cm?/s] P [bar] D [em?/s] P [bar] D [cm?/s]
Benzene
0.0278 5.8x107 0.0369 8.5x10° 0.0239 1.56x10™
0.0422 3.4x10° 0.0396 7.0x107 0.0368 7.8x10°°
0.0521 3.0x107 0.0487 3.1x10° 0.0528 4.0x10°
Toluene
0.0428 3.8x10° 0.0204 5.8x107 0.0193 1.4x10
Xylene
0.014 1.0x107 0.0212 2.6x107 0.0254 8.3x10°
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Fig. 8. Plot of diffusivities of BTX vapors versus temperatures on
activated carbon and zeolite 13X.
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