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Sodium Y zeolite®} benzene, toluene, ethylbenzene, xylenes 3} 7+& H&E ik RILAKE 7} olF & &’
Lol cHah ORFEME-S BAERB 140~280C ol 4] Gas chromatography s ffifisle] #if % s}l ch
w3} cyclohexane, n-pentane “L2] 3. n-penteneo] thal 4 5. FH#, H#idlglch Benzene EE{Ko]
HEh R4S DRsSRtol] whE DR#Ake] MGl e Bol NaYold Hy—3g mARE #Zx 9
= oz sl BsH RERS G EREE wel #MiNddn o3t ZElHe]
BN 42 PR RS DS Btk o] MR Rol MITLS FIEMEE S #A S Dubinin-As -
tarkhovi < EH A 7] £ #5% n-pentaned} cyclohexanes% 7} H#ihy 2 #H =% 2 n-pentene
7} benzene FE#fkE Anldl RS BolFlrh X Sodium Yo ol #iflel T HEE 21 U
£ zeoliteol| A& B#FHHF 712 d@qnche »EA9 A7) dafo] v F-g HITIA

Abstract—The adsorptive characteristics of sodium Y zeolite for simple aromatic hydrocarbons,
such as benzene, toluene, ethylbenzene, xylenes were investigated by means of gas chromato-
graphy at 140 to 280°C. For comparison, the adsorptive characteristics made from the iso-
therm curves, previously published, for cyclohexane, n-pentane and n-pentene on NaY zeolite
were also checked. Sodium Y zeolite seems to form a homogeneous system for aromatic
compounds. The amount adsorbed and the adsorption heat for benzene derivatives increase
with the extent of alkyl substitution.

A linear relationship was confirmed between the decrease in the ionization potential of
aromatic hydrocarbons and the increase in the initial heat of adsorption.

The Dubinin-Astarkhov’s equation based on the Polanyi’s theory was also applied on the
adsorption system. The Dubinin-Astarkhov’s equation was fitted well for cyclohexane and
n-pentane but not for benzene derivatives and n-pentene. It was found that the adsorption with
regard to the large pore zeolite such as sodium Y was preferably affected by the electrons and
the extent of alkyl substitution rather than the kinetic diameter of adsorbate.
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Fig. 1. Adsorption isotherms of p-xylene on NaY.
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Fig. 2. Comparison of adsorption isotherms for
various adsorbates on NaY (T=220C).
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Table 1. Virial coefficients K,, K; of aromatic hydrecarbons.
Temp. , C 200 220 240
\Adsorbate
Bz Tol o-Xy Bz Tol o-Xy Bz Tol o-Xy
Coeff.
K, .215 . 947 3.347 . 104 . 466 1. 428 . 056 . 233 . 645
K; 7.288 1. 102 . 256 14. 02 2.784 .823 | 29.37 6. 463 2.870

Bz=Benzene, Tol=Toluene, o-Xy=o-Xylene.
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Fig. 3. Isosteric heat of adsorption q°‘ as a fu-
nction of amount adsorbed. The straight
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Table 2. Initial adsorption heat q, and q,.
Adsorbate Keal/mol

Qi Lt
o- Xylene 19.6 +
m-Xylene 17.5 +
p-Xvlene 19.2 -+
Ethylbenzene 17.3 +
Toluene 16.2 +
Benzene 16.3 +
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Fig. 4. Relation between the initial adsorption
heat and the ionization potential.
1) oxylene, 2) m-xylene, 3) p-xylene,
4) ethylbenzene, 5) toluene. 6) benzene,

7) n-pentene, 8) n-pentane.
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Table 3. Constants of equation(9).
Adsorbate W n E,
o-Xylene .37 2.2/3.5 8.33
m-Xylene .30 2.2/3.65 8.24
p-Xylene .33 1.8/3.4 8.05
Ethylbenzene .35 2/3.9 8.52
Toluene .33 1.6/3.5 8.72
Benzene .32 2.6/3.3 6. 34
Cyclohexane .31 2.73 4,34
n-Pentene .31 2.2/3.5 5.72
n-Pentane .27 3.15 4. 69
22 9] Dubinin-Astarkhov4] & &3} 2o},
Wy
8 W, exp [ (E )™ (9)
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Fig. 5. Linear plot test of the Dubinin-Astarkhov’s
equation for various adsorbates on NaY.
1) Cyclohexane, 2) n-Pentane, 3) n-Pentene,

4) Benzene, 5) Toluene, 6) o-Xylene.
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NOMENCLATURE

a : Amount adsorbed [ m mol/g-solid ]

C; Virial coefficients, i = 1, 2, 3,

E. Characteristic energy

K, Equilibrium constant

K; Virial coefficients, i = 1, 2, 3, ...

n . Experimental constant

P : Vapor pressure [ mmHg ]

Ps Saturated pressure [ mmHg ]

q; : Heat of adsorption [ Kcal/mol ],
i=1,2,3,.....

qst Isosteric heat of adsorption [ Kcal/
mol ]

R . Gas constant

T : Temperature [ K]

w : Volume occupied by the adsorbed
phase [ cm® /g-solid ]

Wo Limiting value of W obtained at
saturation of the adsorbent [ cm3/
g-solid ]

€ . Change of free energy

8 : Coverage W/Wo
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