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Description

[0001] This invention relates to the use of olefin oli-
gomers as feedstock for hydroformylation reactions.
[0002] Molecular sieve catalysts of many types have
been used, or proposed for use, in numerous chemical
processes. Commercially, they have been used, for ex-
ample, in hydrocarbon dewaxing, hydrocracking, toluene
disproportionation, and alkylation of aromatics. Among
processes for which they have been proposed in the lit-
erature is the conversion by oligomerization of lower ole-
fins, e.g., alkenes, to higher olefins, e.g., higher alkenes,
for example the oligomerization of C2 to C6, especially
C3 and C4, olefins to olefins in the C6 to C12 range, and
occasionally higher. According to WO 99/52631, catalyst
systems comprising a bridged bis-amido Group 4 metal
compound may also be used for olefin oligomerization.
[0003] An example of a proposal to use crystalline mo-
lecular sieves as catalysts for oligomerization is de-
scribed in WO 94/12452. In EP-B -625 132, a hydrated
olefinic feedstock is oligomerized over a zeolite catalyst,
the water content of the feedstock being from 0.05 to
0.25 molar percent. The process is said to result in an
increase in yield of higher molecular weight alkenes and
to have the additional advantage of enabling the reaction
to be carried out at relatively low temperatures. Another
example of such a proposal is that described in EP-B-
746 538, where zeolites of the structure types MFI, TON,
and MFS, in their acid forms, are used in oligomerization
of propene and butene, the particular members of those
structure type families used being ZSM-5, ZSM-22, and
ZSM-57. The patent is concerned with controlling the ex-
tent of oligomerization, to obtain the desired proportions
of or selectivity to dimer, trimer, and higher oligomers,
for use in downstream manufacturing processes. In the
patent, methods of improving trimer yield are described,
the observation being made that higher conversion rates
produce an oligomer mixture with a lower degree of
branching.
[0004] The use of crystalline molecular sieves as cat-
alysts has been found, however, to be subject to certain
limitations in practice. The feedstocks used are frequent-
ly refinery products and may contain sulphur compounds.
In commercial processes customarily using such feed-
stocks as, for example, alkylation of aromatics and tolu-
ene disproportion sulphur has to be removed before the
feedstock contacts the catalyst. Exceptionally, if the feed
contains hydrogen as, for example, in dewaxing and hy-
drocracking, sulphur removal may not be necessary as
the hydrogen present appears to stabilize the catalyst.
[0005] Our experiments have shown that under condi-
tions normally used for olefin oligomerization over mo-
lecular sieve catalysts, sulphur-containing feedstocks
may reduce catalyst activity and lifetime. However, it has
now surprisingly been found that the presence of sulphur
does not appear to have adverse effects on the reaction
process itself. Indeed, provided oligomerization is carried
out at a temperature higher than that which would other-

wise have been chosen for the reaction concerned, the
effect on catalyst activity and life may be mitigated, min-
imal, or even of advantage.
[0006] The temperature appropriate to mitigate the ad-
verse effects of sulphur compounds will vary, depending
on the catalyst being used, the olefinic species being
oligomerized, the specific sulphur compound or com-
pounds and their proportions present in the feedstocks.
An appropriate minimum temperature may, however, be
readily identified by routine experiment.
[0007] The present invention relates to the use of olefin
oligomers as feedstock for hydroformylation reactions
characterised in that the oligomers are selected from mix-
tures of nonenes having an average degree of branching
in the range of from 1.5 to 2.0 and a type V olefin content
of from 10 to 14%, or from mixtures of dodecenes having
an average degree of branching in the range of from 2.70
to 2.75 and a type V olefin content of from 16 to 19% %
obtainable by oligomerization of an olefinic feedstock
containing from 1 to 100 ppm by volume of sulphur-con-
taining compounds with a catalyst comprising at least
one crystalline molecular sieve selected from ZSM-57
and ZSM-22.
[0008] In this specification, the term "structure type" is
used in the sense described in the Structure Type Atlas,
Zeolites 17, 1996. Examples of TON structure type zeo-
lites include ZSM-22, ISI-1, Theta-1, Nu-10, and KZ-2,
and of MFS include ZSM-57, all preferably in their H- or
acid form.
[0009] The crystalline molecular sieve is ZSM-22 or
ZSM-57. ZSM-22 and its manufacture are described in,
for example, U.S. Patent No. 4 556 477 and WO
93/25475, and ZSM-57 and its manufacture in EP-A-174
121 and U.S. Patent No. 4 973 870. Mixtures of ZSM-22
and ZSM-57 may be used.
[0010] A molecular sieve crystallite size advanta-
geously up to 5mm, preferably within the range of from
0.05 to 5mm, more especially from 0.05 to 2mm, and most
preferably from 0.1 to 1mm, may be employed. The mo-
lecular sieve may be supported or unsupported, for ex-
ample in powder form, or used as an extrudate with an
appropriate binder. An as-synthesized molecular sieve
is advantageously converted to its acid form, for example
by acid treatment, e.g., by HCl, or by ammonium ion ex-
change, and subsequent calcination before use in the
process of the invention. The calcined materials may be
post-treated as by steaming. Although the invention will
be described with reference to zeolites proper, it is pos-
sible to use, as is known in the art, a material in which
silicon and aluminium have been replaced in whole or in
part by other elements, silicon more especially by ger-
manium or phosphorus and aluminium more especially
by boron, gallium, chromium and iron, materials contain-
ing such replacement lattice elements also being termed
zeolites, and the term is used in the broader sense in this
specification.
[0011] The olefin feedstock advantageously contains
olefins having from 2 to 12 carbon atoms, preferably from
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2 to 6 carbon atoms, and is advantageously an alkene-
containing feedstock. The feedstock itself may be or com-
prise an oligomer, especially a dimer, especially one pro-
vided by recycling a part of a product stream. The feed
preferably contains propene, butenes, pentenes and/or
hexenes; especially propene and butene.
[0012] As indicated above, the olefinic feedstock con-
tains sulphur-containing compounds. The feedstock ad-
vantageously contains within the range of from 1 to 100,
more advantageously up to 50, still more advantageously
up to 30, preferably up to 20, more preferably up to 5,
and still more preferably up to 2, ppm by volume of such
compounds. A typically encountered feedstock may have
from 1 to 30 or from 2 to 20 ppm by volume of sulphur
compounds.
[0013] The sulphur content is conveniently ascertained
by gas chromatographic analysis using peak areas nor-
malized with reference to a COS standard.
[0014] As examples of sulphur-containing com-
pounds, there may be mentioned, more especially, sat-
urated aliphatic compounds, for example, thiols, sul-
phides, including cyclic sulphides, and disulphides. Typ-
ical compounds include, for example, hydrogen sulphide,
dimethyl sulphide, diethyl sulphide, ethyl methyl sul-
phide, n-propyl sulphide, 1- and 2-propanethiols, 1-bu-
tanethiol, 1,1-methylethylthiol, ethyl methyl disulphide,
dimethyl disulphide and tetrahydrothiophene.
[0015] Reaction conditions for the oligomerization
process may be, with the exception of the temperature
and the presence of the sulphur compound or com-
pounds, in accordance with conditions operative for prior
art processes for oligomerization of the same olefin or
olefins.
[0016] The olefinic feedstock may be fed to the reaction
zone in the liquid or, preferably, the supercritical phase.
The feedstock may contain water, either present from
the feedstock raw material or by addition.
[0017] The olefinic feedstock advantageously com-
prises from 0.05 to 0.25, preferably from 0.06 to 0.20 and
more preferably from 0.10 to 0.20, molar % water based
on the total hydrocarbon content of the feedstock. If de-
sired or required, the natural water content of the feed-
stock may be increased, for example, by being passed
through a thermostatted water saturator. Since the
amount of water required to saturate the feedstock will
depend upon the temperature and composition of the
feedstock, control of the water content may be effected
by appropriate control of the temperature of the feed-
stock.
[0018] The olefinic feedstock may also comprise an
inert diluent, for example, a saturated hydrocarbon. That
other hydrocarbon is included in the hydrocarbon content
for the purposes of calculation of the water content.
[0019] Operating temperatures for olefin oligomeriza-
tion have variously been reported in the literature as be-
ing between 80°C and 350°C. Toward and above the
upper end of the range, de-oligomerization rates increase
and may predominate over the oligomerization reaction,

providing the upper limit to practical operation.
[0020] For a given feedstock and catalyst, the mini-
mum and optimum temperatures for operation are within
the general ranges of 100°C to 350°C, especially 135°C
to 350°C and more especially 150°C to 300°C. In general,
a temperature of at least 160°C has been found advan-
tageous. The following combinations are given as exam-
ples only.
[0021] In MFS (typically ZSM-57)-catalysed reactions,
an operating temperature of at least 160°C and up to
about 220°C is advantageous, at least 170°C is pre-
ferred, and at least 200°C is more preferred. An MFS
catalyst is preferred when the feedstock is propene and
the target oligomers are nonenes.
[0022] In TON (typically ZSM-22)-catalysed reactions,
an operating temperature of at least 190°C, preferably
200°C, is advantageous, at least 220°C is preferred, and
at least 250°C is more preferred. An advantageous upper
limit is 350°C; a preferred upper limit is 300°C.
[0023] It will be appreciated that, to maintain desirable
conversion rates, it may be advantageous to increase
reaction temperatures with the time the catalyst is on
stream.
[0024] The pressure is advantageously in the range of
5 to 10 MPa, preferably from 6 to 8 MPa. The olefin hourly
space velocity is advantageously in the range of from 0.1
to 20, preferably from 1 to 10, and more preferably from
1.5 to 7.5, hr-1.
[0025] When the oligomer product is to be used as
starting material for certain purposes, e.g., in the manu-
facture of certain plasticizer or detergent grade alcohols,
it is desirable to minimize the degree of branching of the
product.
[0026] The degree of branching of the olefin oligomer
may be controlled to some extent by operating temper-
ature, higher temperatures normally yielding a lower de-
gree of branching (branchiness). The olefin branchiness
largely determines that of any downstream product, for
example plasticizer or detergent grade alcohols, pro-
duced, for example, by the oxo process, from the oli-
gomer olefins. The users of such products, and in turn
their downstream products, for example plasticizer es-
ters, have strict specifications for various properties
which the suppliers have to meet, and these specifica-
tions typically require branchiness to be within a defined
range, usually a low range.
[0027] However, when an oligomerization operation is
started up using fresh catalyst, the catalyst is highly active
and, since the oligomerization is exothermic, there is a
serious risk of reactor runaway. It is therefore normally
necessary to operate initially at a low temperature and
only reach the desired operating temperature over a pro-
longed period, during which substantial quantities of
product are produced. This portion of the product will be
of greater branchiness than that produced later, thereby
increasing the average branchiness of the product, in-
creasing the difficulty of meeting the customer’s specifi-
cation.
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[0028] It has surprisingly been found that using a sul-
phur-containing feed as described herein in some way
controls the initial over-activity of the catalyst, enabling
the reaction to be started up at, or close to, the desired
operating temperature.
[0029] Advantageously, the sulphur content of the
feedstock is from 1 to 100 ppm by volume.
[0030] The effect on the degree of branching is espe-
cially evident when the feedstock is propene; with ZSM-
22, the branchiness of the trimer is significantly reduced;
with ZSM-57, branchiness of both dimer and trimer is
reduced.
[0031] Advantageously, the sulphur compound is, or
is derived from, one of the groups specified above, and
preferably is, or is derived from, one of the specific com-
pounds identified above. Advantageously, the crystalline
molecular sieve having a sulphur-containing compound
absorbed therein or adsorbed thereon is one obtainable
by, and preferably one obtained by, use as an oligomer-
ization catalyst for a sulphur compound-containing feed-
stock.
[0032] The oligomers produced by the above oligomer-
ization process are a unique mixture of isomers, the
members of which fall into five types of skeletal struc-
tures, which are

where R, R’, R" and R’" are alkyl groups. The olefin type
may be identified by proton NMR analysis. Especially in
combination with the controlled average degree of
branching, the oligomer products of the invention have
advantages over those produced by traditional, e.g., sup-
ported phosphoric acid catalysed, processes. These are
primarily a lower average degree of branching, and a
lower proportion of Type V olefins, making them more
suitable for onward processing, e.g., higher alcohol, al-
dehyde, and acid manufacture, because of a desirable
reactivity when the oligomeric composition is subjected
to the oxo process (hydroformylation).
[0033] The oligomeric nonene mixture having an av-
erage degree of branching in the range of 1.5, preferably
1.78, to 2.0, more advantageously 1.78 to 1.86, and hav-
ing a type V olefin content within the range of 10 to 14%,
especially one obtainable by ZSM-22 catalysed oli-
gomerization, especially in the presence of sulphur are
used according to this invention. Advantageously, the
Type IV olefin content is within the range of 58 to 60%;
advantageously the Type III olefin content is within the
range of 7.25 to 7.75%; advantageously the Type II olefin
content is within the range of 18.5 to 20%, and advanta-
geously the Type I olefin content is 1.2 to 2.2%.
[0034] The oligomeric dodecene mixture having an av-

Type I RCH = CH2

Type IIRCH = CHR’
Type III RRC = CH2

Type IV RR’C = CHR"
Type V RR’C = CR"R"’

erage degree of branching in the range of 2.70 to 2.75,
and advantageously one having a type V olefin content
within the range of from 16 to 19%, especially one ob-
tainable by ZSM-22 catalysed oligomerization, especially
of propene, especially in the presence of sulphur are used
according to this invention. Advantageously, the type IV
olefin content is within the range of 59 to 62%; advanta-
geously the Type III olefin content is within the range 4.8
to 5.7%; and advantageously the Type II olefin content
is within the range 14 to 15%.
[0035] These oligomers are especially suitable as
feedstocks for further processing: (fractionation; hydro-
genation; hydroformylation; oxidation; carbonylation;
etherification; epoxidation, and hydration) including hy-
droformylation.
[0036] The eventual products may be alcohols, pro-
duced by hydroformylation and hydrogenation; esters, in
which the alcohols are esterified as with inorganic or or-
ganic acids, including carboxylic acids, especially poly-
carboxylic acids; aldehydes, acids, in which the hydro-
formylation products are oxidized and hydrogenated, and
numerous other end uses.
[0037] The esters with polycarboxylic acids are espe-
cially valuable as plasticizers, and the invention further
provides plasticizer compositions comprising the esters,
and polymeric compositions, especially of vinyl poly-
mers, more especially PVC, comprising the esters, and
shaped structures formed of the plasticized polymeric
compositions.

Claims

1. Use of olefin oligomers as feedstock for hydrofor-
mylation reactions characterised in that the oligom-
ers are selected from mixtures of nonenes having
an average degree of branching in the range of from
1.5 to 2.0 and a type V olefin content of from 10 to
14%, or from mixtures of dodecenes having an av-
erage degree of branching in the range of from 2.70
to 2.75 and a type V olefin content of from 16 to 19%
obtainable by oligomerization of an olefinic feed-
stock containing from 1 to 100 ppm by volume of
sulphur-containing compounds with a catalyst com-
prising at least one crystalline molecular sieve se-
lected from ZSM-57 and ZSM-22.

2. Use of claim 1 wherein the mixture of nonenes has
an average degree of branching in the range of from
1.78 to 1.86.

Patentansprüche

1. Verwendung von Olefinoligomeren als Ausgangs-
material für Hydroformylierungsreaktionen, da-
durch gekennzeichnet, dass die Oligomere aus
Mischungen von Nonenen mit einem durchschnittli-
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chen Verzweigungsgrad im Bereich von 1,5 bis 2,0
und einem Typ-V-Olefingehalt im Bereich von 10 bis
14% oder aus Mischungen von Dodecenen mit ei-
nem durchschnittlichen Verzweigungsgrad im Be-
reich von 2,70 bis 2,75 und einem Typ-V-Olefinge-
halt von 16 bis 19% ausgewählt sind, die durch Oli-
gomerisierung eines Olefinausgangsmaterials, das
1 bis 100 Vol.-ppm an schwefelhaltigen Verbindun-
gen enthält, mit einem Katalysator erhältlich sind,
der mindestens ein kristallines Molekularsieb um-
fasst, das aus ZSM-57 und ZSM-22 ausgewählt ist.

2. Verwendung nach Anspruch 1, bei der die Mischung
von Nonenen einen durchschnittlichen Verzwei-
gungsgrad im Bereich von 1,78 bis 1,86 aufweist.

Revendications

1. Utilisation d’oligomères d’oléfine en tant que matière
première pour des réactions d’hydroformylation ca-
ractérisée en ce que les oligomères sont choisis
parmi des mélanges de nonènes ayant un degré de
ramification moyen dans la plage de 1,5 à 2,0 et une
teneur en oléfine de type V de 10 à 14 %, ou des
mélanges de dodécènes ayant un degré de ramifi-
cation moyen dans la plage de 2,70 à 2,75 et une
teneur en oléfine de type V de 16 à 19 % pouvant
être obtenu par oligomérisation d’une matière pre-
mière oléfinique contenant de 1 à 100 ppm en volu-
me de composés contenant du soufre avec un ca-
talyseur comprenant au moins un tamis moléculaire
cristallin choisi parmi ZSM-57 et ZSM-22.

2. Utilisation selon la revendication 1, dans laquelle le
mélange de nonènes a un degré de ramification
moyen dans la plage de 1,78 à 1,86.
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