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Hydrogenation and Isomerization of Olefin
over Phenylsilane-modified Alumina Catalyst

Hirofumi Yamada, The 6™ group of the support section for teaching and research,
Technical Division, Kitami Institute of Technology, Kitami, Hokkaido 090-8507, Japan

Introduction

Hydrocarbon reactions on
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A dramatic increase in activity for the

FJA?]J Q ic splitting Hydrogghation . .
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Fig. 3. Repetitive ethene hydrogenation

Experimental

experiments at 193 K on PhSiHx/Al,0:
H,/C,H,=3, Ptotai=80 Torr

The hydrogen promoting effect clearly
shows the formation of alkyl species
during the isomerization as well as the

hydrogena tjof:; -butene
! cis-2-butene
40 ¢ |
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S 30r !
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Z 20r |
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&~ |
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Fig. 5 Hydrogen promoting effect on the cis to
trans rotational isomerization of cis-2-butene on
PhSiH,/AlO,.

The lethal dose in this work is a similar
value that obtained in the exchange of
olefins with D, on alumina pretreated at

The modification of alumina was carried out by the
surface reaction with adsorbed PhSiH; at 523-673 K.
In a typical modification, 0.2 g of alumina JRC-ALO-
4: Japan Reference Catalyst) was evacuated at 800 K
for more than 10 h, exposed to 2.00 molecules/nm? of
PhSiH; at 200 K, then heated to 523 K at a rate of 4
K min-! under the vacuum, and finally evacuated at

The activity is higher than that of silica
supported platinum catalyst® or rare-earth

S ot d
Odee G‘ﬁtcall.y,syt‘np:)arison of Activity for Ethylene and
Propylene Hydrogenation

TOF Kate
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Rezctant Catalyst

803 K.
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= f PhSIHOS PRSIHDS propene  PUSION T 213 007
3 H -
% i j'  Pretreated at 1273 K and modified at 523 K. * Adjusted
3 I PhsiHLG to conditions of this work assuming first-order kinetics
g 1o N PhSiHo.4 in hydrogen, and zero-order in hydrocarbon.
© P4
1]
N /l The activity also depends on the

Fig. 1. Total amount of gas evolved during the

T

concentration of the deposited phenylsilyl
groups.

modification of alumina with PhSiH;.
© Hydrogenation
S| Olomerizaion 07
After the modification, 0.60 molecules/nnm? of = o

PhSiH; and 1.53 molecules/nm? of H, were desorbed gw B
and 1.40 groups/nm? of Ph groups were deposited T thIeShOldvalue
on the surface. During elevating temperature from 200 >}§
to 300 K, 52% of total amount of evolved H2 were z P
liberated, indicating the surface OH groups participate 5 E B
the surface reaction at even lower temperatures. 0ok

Taking the hydrogen-materials balance, which
involves the amount of evolved H, and the amount of

o ns [EH) [
Ph groups attached (groupsnm?)

Fig.4. TOF for thehydrogenation of cis-2-buteneand for

remaining OH groups, the average composition of

isomerization of cis-2-butenein the presence of H, as afunction

deposited species after modification at 523 K was of Ph groups.
estimated to be PhSiH, ,. IR transmission spectrum of
the modified catalyst displayed that retention of the Si-
Y b The Scope and the

henyl bond is,evidenced by the permanence of the A . .
paeny g limitation of different

~ .
henyl groug ingplane deformidio fiypeded Wtl1g9dups
gnd 1 13g0 cn§ ;@o ’crclfﬁe’ol ed i th!) The modifiadaltinaitesis active for the hydrogenation
\ W . l. v " of olefin as well as of diene. This characteristic feature
J beginning of the is in sharp contrast to those of solid base catalysts.
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Fig. 2. IR spectra of Al,O; in the OH region

after various modification temperatures.
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Fig. 6. Lethal does for the hydrogenation of 1-
butene on PhSiH;-modified Al,0; as a function of
amount of Ph groups.

Discussio

Miture of active sites

1) 1-butene -D, exchange sites by CO, poisoning
2) 1-butene isomerization sites by H,S poisoning

1) J. W. Hightower and W. K. Hall, J. Caul.,

1969, 13, 161.
2) M. P. Rosynekand F. L. Strey, J.Catal., 1976,

41, 312.
Effect on the nature of AI3*

ALO, PhSiH,/Al,0,
hard acid
3
soft acid
LUM

[
= -
soft base

Taking into account that Ph group is an electron-
donating group, a speculative inference is that the
attached Ph groups exert an electronic effect on acid-
base pair sites, increasing the electron density of O%-
and lowering LUMO level of Al4*.
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