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Deactivation of ferrierite during the skeletal isomerization
of linear butenes
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Degetivation of lerieriie during e skelotal somerization ol [-Butene wl atnospherie pressure and (.15 atm I-butene partial pressure

wits stlied. AL 300PC, te cnbou content shows a sharp inciezse. dudng the. first 30 min-on-
Temperature-programined oxidation profiles corresponrding Lo different thnes-on-siraam are simil,

peaks centered st about 323 and 640°C, respectively. Whel
increasing the temperature up to 300 7CL ne signilicant differen

ey, witlh & slowes prowlh theaeafter,
. showlng two well-defined combustion
the I-buzenz feed with the caralytic bed &0 100 or 200°C and then

is observed, neitner in carbon content nor in oxidation profiles. Important

differances in the profiles are ohserved by comparing at the same time at 2ach semperature. The lowear the temperature, the higher the

eactivity toward axidation at low lemper

lemperature {133 *Cyand & more olefinic o

o7 sarrated specics assorized o afiseme:s increases; while at 300°C, coke shows both avomeatic and olafinie

¢. The carbenaceouws deposit formed at 100°C shows the main combustion pek at fhe Towest
aoler; it could be relaed (o @ strong adsorption of reactant molecules. AtZ00 °C. the proportion

K6,
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1. Introduction

In the Jast few years, the skeletal isomerization of lin-
ear hutenes has achievaed an increasing practical mnterest as
an alternative route for the production of isobuiene, which
i$ an important material for the production of methyl feit-
hutyi ether nsed as a booster of the octane number for refor-
mlated gasolings, That isomerization reaction takes place
on acid catalysts. The most suitehle zeolitic materials are
10-membered ring molccutar sicves with pore diameicrs he-
tween 40 and 55 nm i 1,2]. bor maierials with shape selecliv-
ity, some authors constder that pore structure plays a more
important role than acidity 1o improve the isobutene selec-
tivity [1,3]. Ferrierite, 2 zeolite with a bidimensional pore
structure of 10-membered rings (42 x 54 nm) miersected by
8-membered rings {35 x 48 nmy, has been presented as one
of the hest materials [4]. Howcever, ferricnite shows & gh
activity with a low selectivity to isobutence at short time-
on-stream, improving this selectivity when a carbonaceous
deposit has been formed [5.6]. This deposit suppresses un-
desirable side reactions such as dimerization and eracking,
tius Incressing isobulene selecivily 78 Between 6 and 10%
[7-93, the carbon content reaches significant levels, Charac-
terization of the carbonaccous deposit showed an aromatic
mature in essenee, although the presence of olefinic species
has aiso been detecled {10}

The high activity reached with ferrierite at a short time
can he diminished, improving the isobntene. selectivity, by
starting the 1-butene feed with the catalviic bed at a low tem-
perature and then increasing it up to the reaction one [11].
The carbonaceous deposit thus formed shows a more olefinic
than aromatic nature, while coke is more aromatic when the

reacant 1§ dircetly fed with the bed at the reaction temper-
ature. Catalytic behavior of ferrierite doring the 1-butenc
isumerization o diflerent temperatures and the amount of
coke Tormed [8} as well as te analysis for times between 2
and 13 h [10] and the characterization of adserbed species at
low temperatures [12,13], have been reporied. Nevertheless,
there are no data available about deactivation and/or charac-
terization of the carhonaceous deposit when reaction starts
al different catalyiic bed temperaiures,

In this paper, ferrierite behavior during the 1-butene iso-
merization at atmospheric pressure and (.15 atm |-bulene
partial pressuse is systematically studied, the alkene [eed
starting at different bed temperatures, Characterization of
the carhonaccous deposit hy lemperatare-programmed oxi-
datton and Fourier ransform infrared spectroscopy (FTIR)
allows us to analyze the effect of feeding the reactant at dif-
ferent bed temperatures.

L. Fxperimental

An ammonium lerriente sample was provided by
TOSCH, Japan (sample HSZ T20NHA}Y. The Si0:/AL0s
molar ratio was 17.8, Naz() and K30 concentrations being
below (105 and 0.10%, respectvely. The crystalline struc-
ture was characterized by X-ray dilfraction using a Rich-
Seifert so-Debveflex 2002 diffractometer with diffraction
spectram range (° < 20 < 607,

The cataivtic behavior during 1-butene isomerization was
studied in a continnous down-flow, fixed-bed quartz tubular
reactor operated at atmospheric pressure, using 500 mg of
catalyst sieved to 35-80 mesh. Samples were heated in a
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