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#1 Product distribution in toluene alkylation over uncoated
ZSM-5 and silicalite/ZSM-5.

Silicalite/ ZSM-5 Thermodynamic
ZSM-5 equilibrium

Reaction temperature [K] 673 673
WIF [kg-catalyst h mol-'] 0.06  0.06
Conversion of toluene [%] 37.2 42.7
Product composition [%]

benzene 0.2 0.4
p-xylene 34.8 24.5
m-xylene 0.3 9.8
o-xylene 0.3 4.6
ethylbenzene 0.1 0.1
p-ethyltoluene 0.7 0.4
m-ethyltoluene 0.0 0.2
trimethylbenzene 0.8 2.7
Fraction of xylenes [%]
p-xylene 98.9 63.1 23
m-xylene 0.7 25.2 53
o-xylene 0.4 11.7 24
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[X]2 Toluene conversion and para-selectivity in toluene
alkylation with space time. 7 = 673 K,
[MeOH]/[toluene] = 1.0, reaction time = 60 min.
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[X|3 Toluene conversion and para-selectivity in toluene
alkylation as a function of crystal size of the zeolite
catalysts. T = 673K, W/F = 0.14 [kg-cat h mol-!],
[MeOH]/[toluene] = 1.0, reaction time = 60 min.
Filled symbol: ZSM-5, Open symbol: silicalite/ZSM-
S.
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Catalytic activity of toluene alkylation over
silicalite/ZSM-5 with different methanol/toluene
feed ratios at 673 K. W/F = 0.12 kg-catalyst h mol-1.
Open symbol: toluene conversion, filled symbol: para-
selectivity. [MeOH]/[toluene] = 0.5: circle, 1.0: triangle,

2.0: square.
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[X]5 Catalytic activity of toluene alkylation over (a)

silicalite/ZSM-5 and (b) uncoated ZSM-5 at different
reaction temperature. W/F = 0.15 kg-catalyst h mol-!,
[MeOH]/[toluene] = 1.0. Open symbol:toluene
conversion, filled symbol: para-selectivity. T = 623
K: circle, 673 K: triangle, 773 K: square.
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Uncoated

16 SEM images of uncoated ZSM-5 and silicalite/ZSM-
5 during the first 3 h synthesis.
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at 120 kV.
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3%2  Effect of sol composition for silicalite/ZSM-5 synthesis in toluene alkylation

Al A6 A7-1 A8 T5 T6 T7
Silica source FS* FS FS FS TEOS TEOS TEOS
Sol composition
x (Si0y) 2.0 0.5 0.5 0.5 0.5 0.5 0.5
vy (TPAOH) 0.12 0.12 0.06 0.03 0.12 0.06 0.03
Conversion of toluene [%]2 353 36.5 394 38.6 439 46.6 41.7
Yield of xylenes [%] 31.0 30.2 34.7 31.5 38.9 42.6 35.0
Fraction of xylenes [%]
p-xylene 97.5 98.3 98.7 99.6 98.7 94.2 85.6
m-xylene 1.5 1.1 0.7 <0.1 0.7 34 12.3
o-xylene 1.0 0.6 0.6 0.3 0.6 2.6 5.1

*FS: fumed silica, @ W/F = 0.11 kg-catalyst h mol-!, T = 673
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Core-Shell Zeolite Composite Catalyst for Selective Formation of para-Xylene

Manabu Miyamoto® and Norikazu Nishiyama*”

* Department of Materials Science and Technologies, Gifu University

** Division of Chemical Engineering, Graduate School of Engineering Science, Osaka University

Production of alkylbenzenes is one of the most important technologies on the chemical

industry. p-Xylene is, in particular, much valuable in alkylbenzenes due to the steady

increase of its market demand, and catalysts development for selective formation of p-

xylene has been attractive because of the low p-xylene selectivity in the thermodynamic

equilibrium and the high energy consumption on its separation from xylene isomers. For

selective formation of p-xylene, MFI type aluminosilicate zeolite, ZSM-5 was coated with

pure silica MFI, silicalite-1. The core-shell zeolite catalyst showed extremely high para-

selectivity with high toluene conversion on the alkylation of toluene. The silcalite-1 layer

with a few hundred nanometers was epitaxially grown on the ZSM-5 crystal resulting in the

direct connection of pores between ZSM-5 and silicalite-1. This direct connection of pores
and deactivation of acid sites on the external surface of the ZSM-5 crystal could achieve the
remarkable para-selectivity with high toluene conversion.

Keywords: ZSM-35, silicalite-1, core-shell, p-xylene





