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Catalvtic oligomerization of isobutene to produce triisobutenes has been performed over a cation-exchange
resin (Amberlyst-35) by using commercial C4 feeds. The catalytic activity in the oligomerization was retained
without deactivation up to 90 h of reaction in a simulated reaction feed without butadiene. but its activity was
significantly affected by the presence of butadiene in commercial C4 feeds. The isobutene conversion with
time-on-stream was significantly decreased in the presence of butadiene. indicating the catalyst deactivation by
butadiene. However. the stable activity for trimerization was accomplished when the oligomerization was
carried out after eliminating butadiene by hydrogenation of the feeds. This work demonstrates that butadiene
plays a role as a catalyst poison on the solid acid catalyst. so that its removal in the reactant feed is essential for
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practical application of trimerization.
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Introduction

In the petrochemical industry. C, stream including butenes
is an important raw material that can be upgraded. Recently,
trimerization of light olefins has attracted considerable
attention as a way of producing fuel additives' and separat-
ing isoolefins from other olefins - Particularly. triisobutenes
are considered to be highly useful for the synthesis of
specialty chemicals including neo-acids” Heavy alkylates
containing C» or higher carbons can be produced by the
hydrogenation of olefin oligomers such as triisobutenes.
They are used as additives for kerosene and jet fuel® and as
odorless premium solvents without aromatics.

The blending of MTBE (methyl-fers-butyl ether) in
gasoline has been banned in California® since 2004 because
it can give rise to environmental pollution due to the dis-
solution of MTBE in underground water. Isobutene is one of
the main raw materials for the svnthesis of MTBE. There-
fore. the surplus of isobutene will take place in petro-
chemical industry if the regulation to prohibit the blending
of MTBE will be also dominated in other ¢countries. The
trimerization of isobutene is a promising reaction for the
production of isobutene frimers and heavy alkylates as a new
way to utilize surplus isobutene. Despite the importance of
the utilization of isobutene. the trimerization has not
received so much attention so far in comparison with the
dimerization of olefins. ™! Several solid acid catalysts such
as sulfated titania.!’"'* cation exchange resins (CERs).-"*
heteropoly acid." zirconia'” and zeolites'™!” have been sug-
gested for the trimerization. Recently. we have reported the
isobutene trimerization over solid acid catalysts such as
zeolites beta (BEA)'® and ferrierite (FER)!” and cation-
exchange resins (Amberlyst-33 and Amberlyst-15).">1* Iso-

butene is usually exists in the C; feed stream of a chemical
plant. However. in most cases. the trimerization has been
mainly conducted using simulated feeds consisting isobutene
diluted with paraffin solvents such as iso-butane and »-
butane. etc. The oligomerization of isobutene using commer-
cial C, feeds is. therefore. necessary for practical application.
In this work. we conducted the trimerization reaction over
a cation-exchange resin catalyst by using commercial feeds
containing isobutene in order to understand the effect of feed
compositions on the oligomerization of isobutene. Especi-
ally. we focused on the effect of butadiene in the reaction.

Experimental

Oligomerization reaction was carried out in the liquid-
phase using a fixed bed continuous flow reactor (OD 1 inch.
stainless steel 316) equipped with a back pressure regulator
(Tescom). The reaction temperature and pressure of the
reaction were 70 °C and 13 bar. respectively. The reactor
temperature was maintained constant by a water jacket in
which water. kept at constant temperature. was flowing
continuously with the help of a circulator.

Three different feeds were used in the oligomerization
reaction. One is a simulated feed made by mixing isobutene
(99%. Rigas Korea) and n-butane (99%. Rigas Korea) and
called SIM (30 w1/30 wt isobutene/n-butane). Two commer-
cial feeds containing different concentration of butadiene.
obtained from C; streams of steam-cracking units of SK
Energy (Korea). were also used in the study without any
treatment. The two feeds are named as NEP and NCC
depending on the type of plant and the content of butadiene.
The detail compositions of each reactant are summarized in
Table 1.
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Table 1. Compositions of the teeds used in this work *
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Feed? i-butene #-butane 1,3-butadiene 1-butene i-butane rans-2-butene ¢is-2-butene
SIM S0.00 30.00 (.00 0.00 0.00 0.00 0.00
NEP 49.09 6.36 022 2873 1.11 957 4,92
NEP (after hvdrogenation) 47.56 779 <00l 26.87 1.57 10.52 5.69
NCC 36.07 393 0.67 2308 204 8.64 335
NCC (atter hvdrogenation) 34.53 9.30 <00l 20.44 1.93 8.94 4.86

“Unit: wt®s, *SIM: a simulated feed (mixed i~butene and #-butane): NEP: a steam-cracked feed called new ethylene plant: NCC: a steam-cracked feed

called naphtha cracking center

The reactant containing isobutene was continuously fed by
using liquid mass flow controllers (Bronkhorst HI-TEC).
The space velocity of isobutene. WHSV (weight-hourly
space velocity. g-isobutene/g-dried catalyst/h) was varied
between 3-10 h™' by controlling the flow rates of isobutene.
n-butane or NEP and NCC feeds. The conversion of iso-
butene was determined by analvzing frequently the com-
position of the off-gas stream by using a GC equipped with a
TCD and an alumina column (J&W Scientific. 30 m x 0.53
mm). Liquid products were analyzed by a FID GC contain-
g a PONA column (HP. 30 m x 0.20 mm). In this study. the
selectivity for dimers. trimers and tetramers is described in
wi%.

A cation exchange resin, called Amberlyst-35. macro-
porous and contaiming sulphomc acids. was purchased from
Rohm and Haas. The acid capacity of the resin is 5.2 H*/g."”
and the catalvsts were used without further purification. The
extra water (~50 wt%) that remained in the cation exchange
resin was not removed or replaced because water-containing
cation exchange resins show good performance.'® Catalysts
(2.5-3 g on dry base. together with five times of quartz beads
for dilution) were loaded in the reactor as beads.

The hvdrogenation of feed to elinunate the butadiene was
conducted similar to the reported method.” The commercial
NEP and NCC feeds were hydrogenated continuously at 50
°C 1n the presence of Pd (3%)/C catalyst (0.83 g). The molar
ratio of hydrogen/butadiene was 10 and the WHSV (g-feed/
g-dried catalysth) of the feeds was 30 h™'. The flow rates of
hydrogen and butadiene were 3.7 ce/min and 0.0033 gh.
respectively. for NEP feed. After the hydrogenation. the
butadiene contents of NEP and NCC feeds were below the
detection limit of the FID GC.

In order to recover the catalytic activity after deactivation.
the aged catalysts showing the conversion of 83.3 = 1.3%
were washed by flowing n-butane at 70 °C for 10 h. The
flow rate of »-butane was 253 g/h. After the activation. the
remained #-butane was replaced with the feed containing
isobutene for oligomerization reaction.

Results and Discussion

Figure 1 shows the isobutene conversion and trimers
selectivity depending on the time-on-stream to compare the
effect of feed composition. As the feed contains the higher
concentration of butadiene. the conversion decreases more
rapidly with time-on-stream. Considering the space velocity.
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Figure 1. The isobutene conversion (empty syimbols) and trimers
selectivity (filled symbols) depending on the feed and time-on-
stream. The WHSV values for SIM, NEP and NCC are 10, 5 and 3
h™, respectively.

the catalyst 1s very stable for the simulated feed with a
mixture of 1sobutene and wm-butane without butadiene
because the space velocity 1s two times higher than the space
velocity of the reactions using NEP and NCC feeds. It has
been reported that the catalyst lifetime decreases very
rapidly with increasing the space velocity.'*'*'® The increase
of conversion up to 20 h is due to the repalcement of water.
the solvent which exists in the cation exchange resin. with
reactants such as isobutene and »-butane '

The eftect of diolefin such as butadiene has been reported
in a few acid-catalyzed reactions such as isomerization™ and
dimerization of »-butenes. ' Butadiene led to a decrease of
the catalyst lifetime in both 1somenzation and dimerization
due to complexing an active site (Ni) or pore blocking.
Similarly. the negative effect of butadiene is also observed in
the isobutene trimerization in this study. The deactivation by
butadiene may be ascribed to masking of the acid sites
because the pore size is very wide (macroporous resin) and
there is no metal sites in the Amberlyst-33 catalyst. The
partial masking of butadiene onto catalytically active sites
seems to be very strong so that the activity is not fully
recovered or the deactivation rate is high for the re-activated
catalyst even though a large part of the catalytic activity can
be recovered by washing with »-butane (see below).

Curiously. the trimers concentrations are very low for the
products obtained from NEP or NCC feed compared with
the case of trimerization from SIM feed even though the
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Figure 2. Gas chromatograms in the regions tor dimers and trimers
(time-on-stream: 100 h) obtamed by the oligomerization of SIM
and NEP feeds. IB, 1B and 2B represent isobutene, 1-butene and 2-
butene, respectively.

1sobutene concentration is about 50% for three feeds (Figure
). It has been reported that codimenzation reactions bet-
ween 1sobutene and #-butenes are slower than 1sobutene
dimerization'” in the etherification/dimerization of isobutene.
Even though the codimerization 1s slow reaction, the codi-
mers are obtained noticeably probably because of low
activity of codimers for tnmenzation or high concentration
of n-butenes suitable for codimenzation. The reactivity of
codimers for trimers 1s less than that of isobutene dimers
(see below).

Figure 2 shows the typical GC chromatograms in the
region of dimers and trimers obtained from SIM and NEP
feeds. The concentration of codimers made from isobutene
and n-butenes 15 verv high in the case of codimernization
from NEP, whereas the chromatograms in the region of
trimers do not show noticeable difference between the
trimers from SIM and NEP feeds. This might be the fact that
the reaction rate between dimers and »-butenes will be lower
than that between dimers and isobutene. The reaction

100+
X ——X,
> 801 —0—S_
E Dimer
6 Trimer
< 60 —~—S
% Tetramer
2
& 40
c
o)
&
o 204
c
o
@)

0

0 10 20 30 40 50 60 70 80 90
Time/h

Bull. Korean Chem. Soc. 2008, Vol. 29. No. 1 59

100 -
*
> 80
= Conversion
g
o 601
1953
s
® 40+
s . -
B Trimers Selgctivity
9 20+ -
£ —(— —m— Before hydrogenation
6] § —O——@— After hydrogenation

0 20 40 60 80 100

Time / h

Figure 3. Effect of hydrogenation of NCC feed on the 1sobutene
conversion and trimers selectivity. The WHSV and temperature
were 5 h™' and 70 “C, respectively.

between dimers and »-butene has an mtermediate composed
of secondary carbocation, whereas the mntermedate made
from dimers and isobutene will be tertiary carbocation.
Therefore. the trimers are relatively easily produced from
the addition of 1sobutene to dimers. Considering the low
triisobutene and high codimers from NEP feed. it may be
asswmned that the codimers are less active for isobutene
addition.

Before the reaction, the commercial feeds are hydro-
genated by using hydrogen in the presence of Pd/C. and the
hydrogenated feeds were applied in the oligomenzation
reactions to confirm the effect of butadiene. As shown in
Figure 3, the stability is noticeably mmproved after hydro-
genation of the NCC feed. The stable production of iso-
butene trimers are also observed after 20 h from the hydro-
genated NCC feed (Figure 4a). Very similarly, the NEP feed
can also be oligomenzed stably from 30 h to 90 h after
hydrogenation of the feed (Figure 4b). The increase of
isobutene conversion before 20-30 h is due to the replace-
ment of water by feeds."

Facile regeneration of an aged catalyst is very important
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Figure 4. The isobutene conversion and selectivities for dimers, trimers and tetramers after the hydrogenation of NCC feed (left) and NEP
teed (right). The WHSV and temperature were 3 h™! and 70 "C, respectively.
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Figure 5. Etfect of hydrogenation of the NEP teed on the recoverv
of the activity and deactivation rate after activation: (a) with
hvdrogenation: (b) without hyvdrogenation. The WHSV and
temperature were 3 h™ and 70 °C, respectively.

for commercial applications. The aged catalvsts were acti-
vated by washing with n-butane for 10 h. The catalvst aged
by hvdrogenated feed recovers the activity to the conversion
of 100%. However. the conversion was about 93% even
after the regeneration (washing with #-butane) of the aged
{bv non-hydrogenated feed) catalyst (Figure 3). These facts
show that the deactivated catalvst aged by hvdrogeanted
feed restores the activity more easily than the deactivated
catalyst used for the oligomenzation for the non-hydro-
genated feed. Moreover. the re-activated catalyst that was
aged by non-hydrogenated feed loses activity more rapidly
compared with the re-activated catalyst after the deactivating
with hvdrogenated feed (Figure 3). However. the re-acti-
vated catalvsts. even after the catalyst was deactivated by
hyvdrogenated feed. lose activity rapidly compared with a
fresh catalyst. suggesting the washing does not fully recover
the performance (especially stability) for the oligomeri-
zation.

Conclusion

The oligomenzation of isobutene has been investigated for
commercial C; feeds contamning wide concentrations of
butadiene. Butadiene has been found to decrease the activity
rapidly probably because of poisomng the acid sites of the
cation-exchange resmn. The deactivation by butadiene can be
diminished by hydrogenation of the feeds before the
ohgomerization. It 15 also found that the deactivated catalyst
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aged by non-hydrogenated feed 1s less efficient in recovering
the activity by washing with »-butane. The catalyst, previ-
ously deactivated by oligomerization of non-hydrogenated
feed. does not fully restore the activity even by re-activation
through the washing. and the second deactivation rate is high
compared with the catalyst aged by hydrogenated feed.
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