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T 6532 SIN 

PROCESS FOR THE CONVERSION OF A FEEDSTOCK 
COMPRISING LINEAR OLEFINS 

The present invention relates to a process for the 
conversion of a feedstock comprising linear olefins into 
a product enriched in branched olefins. 

It is foreseen that environmental legislation will 
bring about changes in gasoline manufacturing. It is 
expected that the concentration of lead anti-knock 
additives is to be reduced, which makes the required 
octane quality more difficult to attain. Components which 
are suitable for improving the octane quality of gasoline 
are certain branched ethers, e.g. methyl tertiary butyl 
ether (MTBE) • It is known that such ethers can be formed 
by contacting branche4 olefins with methanol in the 
presence of a suitable acidic catalyst, such as sulphonic 
resins, phosphoric acid modified kieselguhr, 
silica/alumina and acid zeolites. 

The object of the present invention is to obtain a 
product comprising branched olef ins useful in the 
production of branched ethers, from a feedstock 
comprising linear olefins. Conversion of linear olefins 
generally involves a combination of operations including 
polymerization, dimerization and cracking. This means 
that in general not only the desired branched olefins are 
produced, but also a certain amount of, less desirable, 
heavier hydrocarbons. 

In European patent specification 026 041 a process is 
described in which a mixed olefin feed is converted into 

.. an olefinic:product enriched with C4 and Cs olefins 
compr~sing·olefin isomers, which process comprises 

.. contac-.ting the feed with an acid crystalline zeolite 
catalys~· c~~iacterized by a pore opening of at least 
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Sxio-10 m, a silica to alumina ratio of at least 12 and a 
constraint index within the range of 1 to 12 at an olefin 
pressure below 0.5 bar and a temperature between 204 °C 
and 316 °C. The process temperature would seem to be 
critical, and indeed above this temperature range there 
is a reduced selectivity for the olefin isomers using 
ZSM-5, the preferred catalyst of the' described process. 
Moreover, at a temperature of 350 °C a large amount of 
relatively heavy hydrocarbons is produced. 

It has now surprisingly been found that· a feedstock 
comprising linear olef ins can be converted into a product 
enriched in branched olefins at an olefin partial 
pressure of less than or equal to 0.5 bar without 
formation of large amounts of undesirable side-products, 
by contacting the feedstock with a tectometallosilicate 
having a certain specific crystal structure, i.e. a 
ferrierite crystal structure. Such process is 
particularly advantageous as it operates with greater 
selectivity to formation of branched olefins than with 
the known process. 

Further, it has been found that the tectometallo­
silicate according to the present invention is relatively 
stable in the present process, i.e. its catalytic 
activity does not substantially change during a 
relatively long time. 

In copending European patent application 
No. 0 501 577 a process is disclosed for converting a 
feedstock comprising linear olefins into a product 
enriched in branched olef ins at an olefin partial 
pressure of more than 0.5 bar. 

The present invention relates to a process for the 
conversion of a feedstock comprising linear olefins into 
a product enriched in branched olefins, which process 
comprises contacting the feedstock with a tecto­
metallosilicate having a ferrierite crystal structure, at 
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a temperature between 150 and 450 °C, an olefin partial 
pressure of less than or equal to 0.5 bar and a maximum 
total pressure of 25 bar. 

The tectometallosilicate having a ferrie~ite 
structure to be employed in the process of the present 
invention, has in its substantially template free, 
hydrogen form an X-ray diffraction pattern which contains 
at least the d-spacings (in Angstrom) as set forth below 
in table 1. 

The d-spacing in Angstrom is the value of the 
interplanar spacing of the crystal and is calculated from 
the measured theta (Bragg angle) by using the Bragg 
equation. The relative intensity of the diffraction peak 
corresponding to each d-spacing is given as a value: 
w (weak), m (medium), s (strong) or vs (very strong), 
determined relative to the intensity of the main 
diffraction peak. 
Table 1: X-ray diffraction pattern of ferrierite 

d Relative intensity 

11.3 ± 0.3 w-m 
9.5 ± 0.1 s-vs 
7.08 ± 0.04 m 
6.96 ± 0.04 m 
3.98 ± 0.02 m-s 
3.76 ± 0.02 m 
3.54 ± 0.02 m-s 
3.47 ± 0.02 m-s 
3.13 ± 0.02 w-m 
3.05 ± 0.02 w-m 

Examples of tectometallosilicates having a ferrierite 
structure are ferrierite, FU-9, ISI-6, Nu-23, ZSM-21, 
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ZSM-35 and ZSM-38. The tectometallosilicates which can be 
employed, contain silicon and one or more from the group 
consisting of iron, gallium and aluminium. In general, 
the tectometallosilicate will mainly contain silicon and 
aluminium. Preferably, the tectornetallosilicate is in the 
hydrogen form. Tectometallosilicates which have shown an 
especially high stability, are tectometallosilicates 
having a relatively high silicon aluminium to molar 
ratio, e.g. a silicon to aluminium atomic ratio of more 
than 10, preferably more than 15. A process for preparing 
tectometallosilicate which can be suitably applied in the 
process of the present invention is described in European 
patent specification No. 012 473. The tectometallo­
silicate can be used as such. However, often it is 
economically more attractive to use it in combination 
with a binder. Binders which can suitably be applied are 
amorphous refractory oxides such as alumina, silica or 
silica/alumina. 

The tectometallosilicate may be surf ace moderated, by 
deactivation or removal of some or all surface acid sites 
at the external surface by techniques known in the art. 
Suitable techniques include those disclosed in s. Bhatia, 
"Zeolite Catalysis: Principles and Applications", CRC 
Press, Boca Raton (Florida), 1990. For example the 
catalyst may be treated with ethylenediamine tetraacetic 
acid (EDTA) as disclosed in D.W. Breck, "Zeolite 
Molecular Sieves - Structure, Chemistry and Use" John 
Wiley & Sons, New York 1974. The catalyst may optionally 
be used in the form of crystals having a low ratio of 
crystal surface area to pore surface area. 

The feedstock which is to be used in the present 
invention comprises linear olefins, suitably linear 
olefins .. containing between 4 and 10 carbon atoms. Higher 
olefins, e.g. olefins comprising up to 20 carbon atoms, 
and/or lower olefins, e.g. ethene and/or propene, can be 



- 5 -

present in the feedstock. Higher olefins could for 
example be present if part of the product obtained is 
recycled to the conversion step. Suitable feedstocks for 
the process of the present invention are hydrocarbon 
streams as obtained .in catalytic cracking or steam 
cracking. Suitably, the feedstock can comprise linear 
olefins containing between 4 and 8 carbon atoms. 
Preferred feedstocks comprise linear olefins containing 4 
or 5 carbon atoms. The feedstock can further contain a 
certain amount of paraffins. Paraffins commonly present 
include butane and pentane. 

Feedstocks containing excess paraffins may 
conveniently be passed over an olef ins/paraffins 
separating unit prior to conversion. 

Surprisingly it has also been found that in a 
conversion process using the tectometallosilicate of the 
present invention it is possible to recycle to the 
conversion step substantially all the unconverted linear 
olefin fraction of the product due to the low level of 
butane by product in the conversion step. Processes using 
for example ZSM-5 as catalyst should include a bleed 
stream in a recycle to the conversion step for control of 
butane level. In such processes the fraction of the 
recycle bled is sufficiently high that unconverted 
olef ins in the bleed may not economically be isolated and 
returned to the conversion tini t •. 

In a conversion process using the tectometallo­
silicate of the present invention a bleed stream in the 
recycle to conversion step may be passed for example to a 
butane/butene extractive distillation unit and the olefin 
fraction returned to the conversion unit. Alternatively 
the distillation unit may be omitted, nevertheless 
incurring low wastage of linear olefins since the 
fraction of the recycle bled is significantly less than 
with processes using ZSM-5. 
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It has moreover been found that a conversion process 

using the tectometallosilicate under the conditions of 

the present invention yields still less butane by-product 

than had previously been found using the conditions of 

the copending European patent application No. 0 501 577. 

The product obtained in the process of the present 

invention is enriched in branched olefins. From a 

commercial point of view, it is advantageous to produce 

as much branched olefins as possible. Suitably, the 

product obtained comprises at least 20 % by weight of 

branched olef ins, based on the amount of olefins present 

in the feedstock; preferably, the product obtained 

comprises at least 30 % by weight of branched olefins. 

Further, it is preferred in a process according to the 

present invention, to produce only a small amount of 

heavier hydrocarbons such as aromatics. Preferably, a 

product is obtained comprising less than 10 % by weight 

of aromatics based on the total amount of liquid product, 

i.e. product which is in the liquid state under normal 

conditions; most preferably, the product comprises less 

than 5 % by weight of aromatics. 

The product obtained can be suitably used for the 

production of highly branched ethers. Before the product 

is used in such ether producing process, it is preferred 

to separate off a heavy fraction from the product 

obtained, and to recycle at least part of this heavy 

fraction to the conversion step. The heavy fraction 

suitably comprises hydrocarbons containing at least 5 

carbon atoms. The product remaining after the heavy 

fraction is separated off, is contacted with a lower . 

alcohol in the presence of a suitable acidic catalyst. In 

this process step mainly branched olefins react. The 

branched ethers produced are removed, and the remaining 

hydrocarbon mixture rich in linear olef ins can be 

recycled to the conversion step. 
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Process conditions which can be suitably applied, 
comprise a temperature between 150 and 450 °c, an olefin 
partial pressure of less than or equal to 0.5 bar and a 
maximum total pressure of 25 bar. Preferred process 
conditions comprise a temperature between 290 and 450 °C, 
more preferably between 300 and 450 °c, for example 
between 320 and 430 °C and an olefin partial pressure of 
between 0.01 and 0.50 bar, most preferably between 0.1 
and 0.5 bar. 

The invention will now be further elucidated with the 
aid of the following examples. 
Example 1 

Commercially available ferrierite ex Toyo Soda, which 
ferrierite was in the ammonium form and had a silicon to 
aluminium atomic ratio of 9, was pressed, crushed and 
sieved to obtain a 30-80 mesh size fraction. The 
particles thus obtained were calcined for 2 hours at 
540 °C. 
Example 2 

544 q silica gel was combined with a solution of 54 g 
sodium hydroxide in 1000 g water and the resulting 
mixture was homogenized. A second solution comprising 
61.4 g aluminium sulphate (Al2(S04)3.l8 H20), 256 q 

sodium sulphate and 1000 g water was added under 
stirring. Finally, 218 q pyridine dissolved in 1152 q 
water were admixed giving a reaction gel of the 
composition (on a molar basis) 
93.5 Si02 • 1 Al203 • 7.4 Na20 • 19.6 Na2S04 • -
30 pyridine • 1938 H20. This reaction gel was kept at 
150 °C for a period of 75 hours until a crystalline 
compound was obtained. After synthesis the crystalline 
compound produced was separated from the reaction mixture 
by filtration, water washed and dried at 120 °C. 

The dried compound was calcined at 500 °C, cooled 
down and ion exchanged such that the compound is brought 
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in the ammonium form. The solid product was separated 
from the liquid by filtration, water washed, dried at 
120 °C and subsequently calcined at 500 °C. 

The product of the synthesis was determined by X-ray 
diffraction to be essentially ferrierite. The silicon to 
aluminium atomic ratio was found to be 36. 

Before employment in the process of the present 
invention the ferrierite powder was pressed, crushed and 
sieved in order to obtain a 30-80 mesh fraction. 
Example 3 

Commercially available ZSM-5, CBV 3020 ex Conteka, 
was pressed, crushed and sieved in order .. to obtain 
particles having a 30-80 mesh size fraction. The 
particles thus obtained were calcined for 2 hours at 
540 °C. 
Example 4 

A feedstock as described in Table 2, is contacted 
with ferrierite and ZSM-5, prepared as described in 
Examples 1 and 3, respectively. The process is carried 
out at a temperature of 350 °c, an olefin partial 
pressure of 0.3 and 0.4 bar respectively, a weight hourly 
space velocity of 2 kg/kg/hour and a total pressure of 
1.1 to 1.4 bar. The products obtained after 50 hours on­
stream are described in Table 3, in % by weight of 
product obtained. 

Table 2: Feedstock properties 

n-butene (% by weight) 
iso-butene (% by weight) 
butane (% by weight) 

99.42 
0.44 
0.14 
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Table 3: Product obtained 

hydrogen 

Ferrierite 
(olefin partial 
pressure 0.3 bar) 

C1-C2 paraffins o.oo 
ethene 0.00 

propane 0.00 

propene 0.61 

butane 0.82 
n-butene 56.32 

iso-butene 40.85 

c5+ 1.4 

Example 5 

Catalyst 

ZSM-5 
(olefin partial 
pressure 0.4 bar) 

0.06 

0.11 

0.58 

9.58 

1.38 

26.31 

0.85 

0.85 

60.28 

Ferrierite samples prepared as described in 
Example 2, are contacted at a temperature of 350 °C, an 
olefin partial pressure of 0.3 bar and 1.1 bar 
respectively, a weight hourly space velocity of 
2 kg/kg/hour and a total pressure of 1.1 to 1.4 bar with 
the feedstock as described in Table 2. The products 
obtained after 480 hours on-stream are described in 
Table 4. 
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Table 4: Product obtained 

olefin partial pressure 
0.3 bar 1.1 bar 

C1-C2 paraffins 0.00 0.00 

ethene o.oo 0.02 

propane o.oo 0.03 

propene 0.48 0.94 

butane 0.47 1.31 

n-butene 50.30 41.37 

iso-butene 47.95 40.43 

cs+ 0.8 15.9 

Exam2le 6 

Ferrierite prepared as described in Example 1, is 

contacted at temperatures of 350 °C and 300 °C, an olefin 

partial pressure of 0.3 bar, a weight hourly space 

velocity of 2 kg/kg/hour and a total pressure of 1.1 to 

1.4 bar with the feedstock as described in Table 2. The 

products obtained after 50 hours on stream are described 

in Table 5. 
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Table 5: Product obtained 

Temperature 

350 °C 300 °c 

C1-C2 paraffins o.oo 0.00 

ethene o.oo o.oo 
propane o.oo 0.00 

propene 0.61 0.98 

butane 0.82 1.40 

n-butene 56.32 64.63 

iso-butene 40.85 30.89 

cs+ 1.4 2.1 
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T 6532 SIN 

CLAIMS 

1. Process for the conversion of a feedstock comprising 

linear olef ins into a product enriched in branched 

olef ins, which process comprises contacting the feedstock 

with a tectometallosilicate having a ferrierite crystal 

structure, at a temperature between 150 and 450 °C, an 

olefin partial pressure of less than or equal to 0.5 bar 

and a maximum total pressure of 25 bar. 

2. Process according to claim 1, wherein the feedstock 

comprises linear olefins containing between 4 and 10 

carbon atoms. 
3. Process according to claim 1 and/or 2, wherein the 

process is carried out at a temperature between 290 and 

450 °C and an olefin partial pressure of between 0.01 and 

0.5 bar. 
4. Process according to any one of the preceding claims, 

wherein the product comprises at least 30 % by weight of 

branched olef ins, based on the amount of olefins present 

in the feedstock. 
5. Process according to any one of the preceding claims, 

wherein the product comprises less than 10 % by weight of 

aromatics, based on the total amount of liquid product. 

6. Process according to any one of the preceding claims, 

wherein the tectometallosilicate has a to silicon 

aluminium atomic ratio of more than 15. 

7. Process according to claim 6 wherein the tecto­

metallosilicate has a silicon to aluminium. atomic ratio 

of more than 30. 
8. Process according to any one of the preceding claims, 

wherein the tectometallosilicate is in the hydrogen form. 

9. Process according to any one of the preceding claims, 

wherein the tectometallosilicate is surface-moderated. 

\ \11\llH\\I\\ Ill\\ \\1\1 \\ \II\ 
* C L M S * 
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10. Process according to any one of the preceding claims, 

wherein a heavy fraction is separated off from the 

product obtained, at least part of which heavy fraction 

is optionally recycled to the conversion step. 

11. Process according to claim 10, wherein the heavy 

fraction comprises hydrocarbons containing at least 5 

carbon atoms. 
12. Process according to any one of the preceding claims, 

wherein substantially all of the unconverted linear 

olefin fraction of the product is separated off and 

recycled to the conversion step. 

Cl7/T6532FF 
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