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Adsorption of Mixtures of Thiophene, Benzene and n-hexane in
MFI and MOR Using Molecular Simulation

ZENG Yong-Ping JU Shen-Gui” XING Wei-Hong CHEN Chang-Lin
(College of Chemistry and Chemical Engineering, Nanjing University of Technology, Nanjing 210009, P. R. China)

Abstract:
zeolites was simulated by using the Monte Carlo technique in grand canonical ensemble. The binary simulation results
showed that thiophene molecules took precedence over benzene molecules to occupy the intersection sites in MFL
When the pressure was raised, the loading of benzene increased gradually, whereas the loading of thiophene reached a
plateau. Benzene molecules were pushed to the zig-zag or straight channels by thiophene molecules. The binary system

The adsorption of binary and ternary mixtures of thiophene, benzene, and n-hexane in MFI and MOR

in MFI conformed with competition model by Clark et al. However, there were no distinct preferred sites for
adsorption of thiophene and benzene on MOR zeolite, and the systems complied with volume filling model. The
ternary simulation results showed that the adsorptive amount of n-hexane was the greatest, while the thiophene and
benzene are adsorbed very little in MFI zeolite. The adsorptive amount of thiophene was the greatest, while the n-
hexane and benzene were adsorbed very little in MOR zeolite. For the molecules with bulker size, they could occupy
only the main channel in MOR. A little amount of n-hexane had a stronger effect on the adsorption of benzene than
that of thiophene.

Key Words: Adsorption; Molecular simulation; Thiophene; Benzene; n-hexane; Zeolite
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Table 1 The zeolite structure parameters used in
the simulations

Silicalite Composition Symmetry Unit cells a/nm b/nm  c¢/nm
MFI SiO1ez 2x2x2  4.014 3.984 2.684
MOR SiOo, 2x2x4  3.619 4.103 3.009
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Table 2 Short range L-J parameters for adsorbates-zeolite

o/nm /K o/nm /K
thiophene-zeolite short
CH,—O 0.37  68.00 S-0 0.33 8847
range L-J parameters®
thiophene-thiophene short CH,>—CH,» 0.38  50.80 S-S 0.355 125.8
range L-J parameters S-CH,» LB
-h -zeolite short
r-hexane-zeollie Short range CH~O 0364 544  CH~-O 0364 875
L-J parameters
n-hexane-n-hexane short range CH;-CH; 0.377 98.1 CH~CH, 0.393 47.0
L-J parameters" CH,-CH, 0.384 679
A B c D
benzene-zeolite short range Cpo—O” 333877.750 451.830
L-J parameters H-O" 40082.500 121.703
Cuo—Cuo 698828.900 569.700 8.389 -0.3346
benzene-benzene short range
H-H 6630.000  18.600 8.389 —0.3346
L-J parameters
C.,—H 91826.000 126.260 -8.389  0.3346

“Lorentz-Berthelot mixing rule, “Applying Slater-Kirkwood equation, see Ref.[10]
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Fig.1 GCMC simulation isotherms for thiophene/benzene (50%-50%) in zeolites
363 K; (a) MFI, (b) MOR
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Fig.2 Sites distribution of thiophene and benzene at 363 K
The gas-phase partial pressures of 5 kPa (a) and 50 kPa (b). The faint gray outline is the accessible volume of MFIL.

The Ne atom is the probe molecule.
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Table 3 Adsorption for thiophene and benzene and their binary mixtures on MFI and MOR at
different gas phase compositions

MFI(molecules per unit cell)

MOR (molecules per unit cell)

Xthiophene

I thiophene L eniere I I thiophene - ™
0.01 0.347 4.405 4.752 0.042 3.538 3.580
0.1 2.042 2.792 4.834 0.347 3.249 3.596
0.2 2.703 2.337 5.040 0.912 2.387 3.299
0.3 3.169 1.764 4.933 1.832 1.019 2.851
0.4 3.582 1.291 4.873 2.327 0.375 2.702
0.5 3.588 1.107 4.695 2415 0.284 2.699
0.6 3.594 0.995 4.589 2.486 0.235 2.721
0.7 3.791 0.945 4.736 2.538 0.144 2.682
0.8 3.904 0.472 4.376 2.631 0.045 2.676
0.9 4.002 0.176 4.178 2.688 0.038 2.726
1.0 4.070 0.000 4.070 2.730 0.000 2.730

T=363 K, p=10 kPa
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