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Backgroufid of the Invention This invention ref&tes to

ol efin producti on. A efins, primarily al pha-ol efins,

have many uses. For exanpl e, al pha-olefins, such as 1-hexene, 5

can be used in hydrofornulation (OXO processes). " In addition to

uses as specific chenmicals, alpha-olefins can be used in

polynerlzatlon processes as either a nonomer or cononomer to

prepare polyol efins, or pol ynmers. 1Ckt en t he production of ol efins

is carried 10 out in the presence of a solvent, or a diluent.

Unfortunately the presence of such a solvent or diluent

conplicates an ol efin pPROIESSiFOR GUIGOMERSZING OLEHINS i ng t he presence

of an additional chemical, i.e., the solvent whi ch therefore

necessitates piping and 15 on re-—-f Lh sol vent .

Addi ti onal processing R%#% L Sﬁ%éyger t sep rate the desired

ol efin product f eht FIfEPY ?v 34 g R@PEEdS s vent recovery

and/ or .~ di sposal, ChirGh bepﬁ€€e§sdP¢%¥d ---------- By

"consi sting essentially of {LhBreinep : paged g... topagedi.nt-ended to nean that

process steps, substance ofld Abstract  : pAggd ur-e tofpagadbst.ances recited after

this phrase does | hailE ¢l hdeE®@w.. further. . respgctive steps or

conmponents whi ch woul d naterlmlé&eﬂregﬁ %h f'uncti oni ng of the

process or properties of the of the Invention
This invention relates to clefin production.

Olefins, primarily alpha-oclefins, have many
uses. For example, alpha-olefins, such as l-hexene,
5 can be used in hydroformulation (0OXO processes). In
addition to uses as specific chemicals, alpha-olefins
can be used in polymerization processes as either a
monomer Or comonomer to prepare polyolefins, or
polymers. Often the production of olefinsg is carried
i0 out in the presence of a solvent, or a diluent.
Unfortunately the presence of such a sclvent or diluent
complicates an olefin production process by requiring
the presence of an additional chemical, i.e., the
solvent, which therefore necessitates piping and
15 control systems for the solvent. Additional processing
step{s) in order to separate the desired olefin product
from the solvent, as well as solvent recovery and/or
disposal, also can be necessary.
Summary of the Invention
20 Accordingly, it is an ocbject of this
invention to provide improved olefin production
processes, particularly improved olefin trimerization
and/or oligomerization processes.
It is furthermore desirable to trimerize
25 and/or oligomerize olefins in a minimal amount, or
absence, of a solvent. )
In accordance with this invention, a process
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25 subst ance or conbi nati on of substances produced by the

process or recited after this phrase. Summary of
the I nvention Accordingly, it is an object of this

i nvention to provide inproved ol efin production 30 processes,
particularly inproved olefin trimerization - and/ or oligonerization
processes. It is furthernore desirable to trinerize
and/or oligonerize olefins in a mninmal anut, or absence, of a
solvent. 35 In accordance with this invention, a process
-2- i s prodisddFovAred vaieh i eamprisesonsi sensistr masentiadly of

produci ng ol ef i npricduchagheeeeies f wde prabefce of &l iQWMK zation
catal yst system and_a sol.ve [ [

catal ot systom caigrrass atien "Ciigihy avesiP et L AV RATCORPEFREng
conpound and a saidnpigfinl kyigomerizatdoni patalyst ofxatem comprigeads to a
product of the Olc@kohkiRhOHEEEE®) DRLEDle-containing compound and a

metal alkyl, and wherein said solvent corresponds to a

product of the oclefin production process.

Detailed Desgcription of the Invention
Catalyst Systems
10 Catalyst systems useful in accordance with

this invention comprise a chromium source, a pyrrole-
containing compound and a metal alkyl, all of which
have been contacted and/or reacted in the presence of
an unsaturated hydrocarbon. Optionally, these catalyst

15 systems can be supported on an inorganic oxide support.
These catalyst systems are especially useful for the
oligomerization of olefins, such as, for example,
ethylene to l-hexene. As used .in this disclosure, the
term "oligomerization®™ broadly encompasses the

20 combination of two clefins (dimerization) to form an
clefinic product, three olefins (trimerization) to form
an olefinic product and more than three olefins to form
an olefinic product, but does not include
polymerization of olefins. An oligomer can be defined

25 as a compound, made up of repeating units, whose
properties do change with the addition or removal of
one or a few repeating units. The properties of a
polymer do not change markedly with such a
modification.

30 The chromium. source can be one or more
organic or inorganic chromium compounds, wherein the
chromium oxidation state is from 0 to 6. If the
chromium oxidation state is 0, metallic chromium can be
the chromium source. Generally, the chromium source

35 can have a formula of CrX,, wherein X can be the same
or different and can be any organic or inorganic
radical, and n is an integer from 1 to 6. Exemplary



BPet ai | ed Description of the Invention Cat al yst

Systens 10 Cat al yst systens useful in accordance with this
i nvention conprise a chrom um source, a pyrrole- cont ai ni ng conpound
and a netal alkyl, all of which have been contacted and/or reacted in
the presence of an unsaturated hydrocarbon. Optionally, these catal yst
15 systens can be supported on an inorgani c oxide support. These
catal yst systens are especially useful fof 3he ol i goneri zati on of

ol efins, such as, for exanple, ethylene to 1-hexene. As used in this
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conbi nation of tvearidf iatomedpaP!tddidaQl)) and hebNMsalected ARl itRieC Product,
ol efinjc product and nore

three olefins (trimerizationl.to for

than three ol e1£i ré‘lﬁ%@ %rnlslinga%‘?o'mekryilm Sagfﬁﬂc??tﬁn E8%40t i ncl ude
pol yneri zati on ofansi/sfn aaidanradiemimr Then orgagdéi nedicEls cam deconpound,
rrggetyp of rweatéﬁI&i;yﬂtt-&haMG&eor hraﬁfdmer.t%:-?&lﬂe %%@Q:T #\Mct,h thet . f
addition or renoy . one, ew_repeat| upi ts. properties o

a pol ymer do %&) changa ﬁg%%‘d‘?%frw uil %ﬁcﬁ‘gg of s i‘?&%&*&ﬁ?cso
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chrom um oxi dati Qn .state i.s talligc, chroni,um can be the chrom um
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containing compound which can yield a catalyst system
with improved oligomerization and/or trimerization
activity. Most preferably, the chromium source is a
15 chromium{III) compound because of ease of use,
availability, and enhanced catalyst system activity.
Exemplary chromium(III) compounds include, but are not
limited to, chromium carboxylates, chromium
naphthenates, chromium halides, chromium pyrrolides,
20 and/or chromium dionates. Specific exemplary
chromium(III) compounds include, but are not limited
to, chromium({III) 2,2,6,6-tetramethylheptanedionate
[Cr (TMHD) 31, chromium(III) 2-ethylhexanoate also called
chromium{III) tris(2-ethylhexanoate) [Cr (EH) 3l
25 chromium (III) naphthenate [Cr(Np),], chromium(III)
chloride, chromic bromide, chromic fluoride,
chromium(III) acetylacetonate, chromium(IIX) acetate,
chromium({III) butyrate, chromium(III) neopentancate,
chromium(III)} laurate, chromium(III) stearate, chromium
30 (IIX) pyrrolides and/or chromium(III) oxalate.
Specific exemplary chromium(II) compounds
include, but are not limited to, chromocus bromide,
chromous fluoride, chromous chloride, chromium(II)
bis(2-ethylhexancate), chromium(II) acetate,
35 chromium(II) butyrate, chromium{(II) neopentanocate,
chromium(IX) laurate, chromium(II) stearate,
chromium(II) oxalate and/or chromium(II) pyrrolides.



=3- organi c radicals can have fromabout 1 to about 20 car bon
atons per radical, and are selected fromthe group consi sting of

al kyl, al koxy, ester, ketone, and/ or am do radicals. The organic
radicals can be 5 strai ght-chai ned or branched, cyclic or acyclic,
aromatic or aliphatic,- can be made of m xed aliphatic, aromati c,

and/ or cycloaliphatic groups. Exenplary I norgani ¢ radical s include,
but are not limted to hal i des, sul f~a#es, and/or oxides. 10
Preferably, the chrom um source is a chron1un(||) containing and/or a
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chrom un(111) negReRbPePFyrrole, derivatives of pyrrole, and mixtures
therecf. Broadly, the pyrrole-containing compound can
be pyrrole and/or any heteroleptic or homoleptic metal
complex or salt, containing a pyrrolide radical, or
15 ligand. The pyrrole-containing compound can be either
affirmatively added to the olefin production reaction,
or generated in-gitu. '
Generally, the pyrrole-containing compound
will bave from about 4 to about 20 carbon atoms per
20 molecule. Exemplary pyrrolides include, but are not
limited to, and are selected from the group consisting
of hydrogen pyrrolide (pyrrole), lithium pyrrolide,
sodium pyrrolide, potassium pyrrolide, cesium
pyrrolide, and/or the salts of substituted pyrrolides,
25 because of high reactivity and activity with the other
reactants. Examples of substituted pyrrolides include,
but are not limited to, pyrrole-2-carboxylic acid, 2-
acetylpyrrole, pyrrole-2-carboxaldehyde,
tetrahydroindole, 2,5-dimethylpyrrole, 2,4-dimethyl-3-
30 ethylpyrrole, 3 -acetyl-2,4-dimethylpyrrole, ethyl-2,4-
dimethyl-5- {ethoxycarbonyl)} -3-pyrrole-propionate,
ethyl-3,5-dimethyl-2-pyrrolecarboxylate, and mixtures
thereof. When the pyrrole-containing compound contains
chromium, the resultant chromium compound can be called
35 a chromium pyrrolide.
The most preferred pyrrole-containing
compounds used in a trimerization catalyst system are



ehromum(111) laurate, chromun(lll) stearate, chrom um 30 (rrr)

pyrrolides and/or chromun{lIl1) oxal ate. Speci fic exenplary
chromiunm(11) conpounds i nclude, but are not limted to, chronous

br om de, chronous fluoride, chromous chloride, chromun(ll)

bi s(2-et hyl hexanoate), chromun(ll) acetate, 35 chromum(11) butyrate,
chrom un{11) neopent anoat e, chromum(11) laurate, chromun(ll)

st earate, chromunm(l1) oxal ate and/ o+ sshrom un(I1) pyrrolides.

-4- The pyrrol e-contai ni ng conpound can be any

pyrrol e- cont ai ni rReleskedufigomhthe \gridup copsiaking e hydrogenr oni um source
to forma chrom l#”;’)zﬁ-)bllfiabl de. 60/pykole (C A§nv$eﬂ sralﬂucsxydb%kaiure the

term "pyrrol e- I n onp und refers rrolides,
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heterol eptic or homisentte #8idla catal%@pbﬁﬁt&i Sél'éhrdi&'iﬁnabi}kﬂglﬁde

pyrrolide radi Cal Oi:e considered to provide both the chromium source

10 and the pyrrole-containing compound. While alkyl
pyrrole-containing compounds can produce catalyst
systems with high activity and productivity, use of
pyrrole and/or 2,5-dimethylpyrrole can produce a
catalyst system with enhanced activity and selectivity

15 to a desired product.

The metal alkyl can be any hetercleptic or
homoleptic metal alkyl compound. One or more metal
alkyls can be used. The alkyl ligand(s) of the metal
alkyl can be any aliphatic and/or aromatic radical.

20 Preferably, the alkyl ligand(s) are any saturated or
unsaturated aliphatic radical. The metal alkyl can
have any number of carbon atoms per molecule. However,
due to commercial availability and ease of use, the
metal alkyl will usually comprise less than about 70

25 carbon atoms per metal alkyl molecule and preferably
less than about 20 carbon atoms per molecule.
Exemplary metal alkyl compounds include, but are not
limited to, alkylaluminum compounds, alkylboron
compounds, alkylmagnesium compounds, alkylzinc

30 compounds and/or alkyl lithium compounds. Exemplary
metal alkyls include, but are not limited to, n-butyl
lithium, s-butyllithium, t-butyllithium,
diethylmagnesium, diethylzinc, triethylaluminum,
trimethylaluminum, triiscbutylalumipum and mixtures

35 thereof.

Preferably, the metal alkyl is selected from
the group consisting of nonhydrolyzed, i.e., not pre-



15 | i gand. The pyrrol e-containing conpound can be either

affirmatively added to the ol efin production reaction, or generated

i n--si t u. General ly, the pyrrol e-containing conpound Wil |
have from about 4 to about 20. carbon atons per 20 nvolecule. Exenplary
pyrrolides include, but are not limted to, and are selected fromthe
group consi sting of hydrogen pyrrolide (pyrrole), lithiumpyrrolide,
sodi um pyrrolide, potassiumpyrrolide, cesigm pyrrolide, and/or the

salts of substituted pyrrolides, 25 because of high reactivity and _
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' ' ' catal yst systemare
trimerization y y Most preferably, the metal alkyl is a non-

10 hydrolyzed alkylaluminum compound, expressed by the
general formulae AlR,, Alex, Alez, AlR,OR, ALlRXOR,
and/or Al,R3X3, wherein R is an alkyl group and X is a
halogen atom. Exemplary compounds include, but are not
limited to, triethylalumipum, tripropylaluminum,

15 tributylaluminum, diethylaluminum chloride,
diethylaluminum bromide, diethylaluminum ethoxide,
diethylaluminum phenoxide, ethylaluminum dichloride,
ethylaluminum sesquichloride, and mixtures thereof for
best catalyst system activity and product selectivity.

20 The most preferred alkylaluminum compound is
triethylaluminum, for best results in catalyst system
activity and product selectivity. '

Usually, contacting and/or reacting of the
chromium source, pyrrole-containing compound and metal

25 alkyl is done in the presence of an unsaturated
hydrocarbon. The unsaturated hydrocarbon can be any
aromatic or aliphatic hydrocarbon, in a gas, liquid or
solid state. Preferably, to affect thorough contacting
of the chromium source, pyrrole-containing compound,

30 and metal alkyl, the unsaturated hydrocarbon will be in
a liquid state. The unsaturated hydrocarbon can have
any number of carbon atoms per molecule. Usually, the
unsaturated hydrocarbon will comprise less than about
70 carbon atoms per moleculé, and preferably, leas than

35 about 20 carbon atoms per molecule, due to commercial
availability and ease of use. Exemplary unsaturated,
aliphatic hydrocarbon compounds include, but are not



sel ected fromthe group consisting of hydrogen pyrrolide, i.e.,

pyrrole [err], 2,5-dinmethylpyrrole (2,5 DMP) and/or chrom um
pyrrol i des because of enhanced ol efin production activity. Optionally,
for 5 ease of use, a chrom um pyrrolide can provide both the chrom um
source and the pyrrol e-containing conpound. As used in this

di scl osure, when a chrom um pyrrolide Is used to forma catal yst
system a chrom um pyrrolide can be comsidered to provide both the
chrom um source 10 and the pyrrol e-contai ni ng conpound. \While alkyl
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35 thereof Prefera , e neta IS se ect d from
15 of a chromium source, pyrrole-contazn:ng compound,

metal alkyl and unsaturated hydrocarbon can contain
additional components which do not adversely affect and
can enhance the resultant catalyst system, such as, for
example, halides.

20 Reactants

Trimerization, as used in this disclosure, is

defined as the combination of any two, three, or more
olefins, wherein the number of olefin, i.e., carbon-
carbon double bonds is reduced by two. Reactants

25 applicable for use in the trimerization process of this
invention are clefinic compounds which can a) self-
react, i.e., trimerize, to give useful products such
as, for example, the self reaction of ethylene can give
l-hexene and the self-reaction of 1,3-butadiene can

30 give 1,5-cyclooctadiene, and/or b} olefinic compounds
which can react with other olefinic compounds, i.e.,
co-trimerize, to give useful products such as, for
example, co-trimerization of ethylene plus hexene can
give l-decene and/or 1l-tetradecene, co-trimerization of

35 ethylene and l-butene can give l-octene, co-
trimerization of l-decene and ethylene can give 1-

tetradecene, l-octadecene and/or 1-docosene. For



the group consisting of nonhydrol yzed, i.e., not pre-

contacted with water, al kyl al um num conpounds, derivatives of

al kyl al um num conpounds, hal ogenat ed al kyl al um num conpounds, and
m xtures thereof for I nproved product selectivity, as well as

i nproved 5 catal yst systemreactivity, activity, and/or

productivity. The use of hydrolyzed netal al kyls can result is
decreased olefin, i.e., liquids, product i-orﬁ - and increased pol yner,

i.e., solids, pr oduct i on. st _preferably, the nmetal alkyl
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defined above.

10 Suitable trimerizable clefin compounds are
those compounds having from about 2 to about 30 carbon
atoms per molecule and having at least one olefinic
double bond. Exemplary mono-l-olefin compounds
include, but are not limited to acyclic and cyclic

15 clefins such as, for example, ethylene, propylene, 1-
butene, isobutylene, l-pentene, 4-methyl-l-pentene, 1-
hexene, l-heptene, the four normal octenes, the four
normal nonenes, vinylcyclohexane and mixtures of any
two or more therecf. Exemplary mono-olefins include,

20 but are not limited to, 2-buteme, 2-pentene, 2-hexene,
3-hexene, 2-heptene, 3-heptene, cyclohexene and
mixtures of two or more thereof. Exemplary diolefin
compounds include, but are not limited to, 1,3-
butadiene, 1,4-pentadiehe, and 1,5-hexadiene. If

25 branched and/or cyclic olefins are used as reactants,
while not wishing to be bound by theory, it is believed
that steric hindrance could hinder the trimerization
process. Therefore, the branched and/or cyclic
portion(s) of the olefin preferably should be distant

30 from the carbon-carbon double bond.

Catalyst systems produced in accordance with
this invention are particularly suitable for and
preferably are employed as trimerization catalyst
systems.

35 Reaction Conditions

The reaction products, i.e., olefin trimers
as defined in this specification, can be prepared from



activity and product selectivity. Usual Iy, contacting and/or

reacting of the chrom um source, pyrrole-containing conpound and net al
25- alkyl is done in the presence of an unsaturated hydr ocar bon. The
unsat ur at ed hydrocarbon can be any aromatic or aliphatic hydrocarbon,
in a gas, liquid or solid state. Preferably, to affect thorough
contacting of the chrom um source, pyrrole-containing conpound, 30

and netal al kyl, the unsaturated hydrocarbos will be in aliquid
state. The unsaturated hydrocarbon can have any nunber of carbon atons
per nol ecul e. Usuthe¢ \cataiyst syshemeief this Hypventarboby WWwolutdemri se | ess
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about 20 carbon atons per l ecule, due to co rcial avai lability and
ease of use. Exenplary u‘r?s?gatqufgf‘% ,eng ““gﬁ%@%‘&“ﬁya’f’%%%% " conpounds

i ncl ude, but are ¢eptacting of the monomer or monomers with a catalyat
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benzene, xyl ene, égﬁ%gégéggibn process. Other known contacting methods

10 can also be employed.

In accordance with this invention, a slurry
process can be carried out in a diluent (medium), which
is a product of the olefin oligomerization process.
Therefore, the choice of reactor diluent, or medium, is

15 based on the selection of the initial olefin reactant.
For example, if the oligomerization catalyst is used to
trimerize ethylene to l-hexene, the solvent for the
oligomerization reaction would be l-hexene. 1If
ethylene and hexene were trimerized to produce 1-

20 decene, the oligomerization reaction sclvent would be
l-decene. If 1,3-butadiene was trimerized to 1,5-
cyclooctadiene, the trimerization reactor solvent would
be 1,5-cyclooctadiene.

Optionally, based on economics, a solvent

25 different than one of the oligomerization process
products can be used during startup, or initiation, of
the oligomerization process. A different inert
diluent, such as a paraffin, cycloparaffin, or aromatic
hydrocarbon, can be used during the oligomerization

30 procege initiation. Exemplary initial reactor diluents
include, but are not limited to, iscbutane and
cyclohexane. Once the reactor has been charged with
catalyst, reactant and optional diluent, additional
diluent does not need to be and cannot be, added to the

35 reactor. During the course of the oligomerization
reaction, the added, inert diluent will become diluted
and ultimately removed from the oligomerization process



hexanet hyl benzene, and m xtures thereof. Unsaturated, aromatic

hydr ocarbons are preferred in order to inprove 10 catal yst system
stability, as well as produce a highly active and sel ective catal yst
system The nost preferred unsaturated aromati ¢ hydrocarbon is

t ol uene. It should be recogni zed, however, that the
reaction m xture conprising or consisting essentially 15 of a chrom um
source, pyrrole-containing conmpound, - petal al kyl and unsaturated
hydrocarbon can contain addi ti onal conponents which do not adversely
af fect and caacgnbancReadibiare Seimperatunes | 3 essaressoah s, for

exanpl e, hal'desangotemperature and pressure whitd#tSimerize the
Trimerization, as_used In this disclosure, is defined as the

conbi nation of a 8, TEATEREr nore ol efins, wherein the nunber of
olefin, i.e., carbon- Gemexadilydowriehe thondsenmperagniyesdaby wihimReact ant s

25 appl i cayl e fr%g!SSf' &éxh? g 't%eﬁbéﬂi' Qﬁo%ocﬁ%ﬁfﬁb'ﬂ&s :eacti&i’ent ion
are olefinic congoun S ch ca trimeri.ze, to

a
gi ve useful prod EF?eé'ﬁEﬁr“ wi ‘2 PoF‘E?ﬁrrBf‘e‘b?‘h"e @el 1t°r 8hetFon of
et hyl ene can gi veoo~c. &aﬁemane:am¢erhblyelﬁathinna(rangh p£38BUtwali ene can

30 give L5 cychageradhepeamUyed. DiroB! Sblnof £ UMUILA. reampeitbibibe can

react. with ot her oIeflnlc co oun S, o-trinerize, gi ve

useful products SBBhPESAuEe too m“QQXEHﬁFélrﬁhl?r*?ﬁﬁ%?ﬁ%ﬁ ﬁ°8?°%thylene
pl us hexenelvan such gsyefdr Cocenpdeanpbdymér candideeemighcoftai neri zati on

of 35 ethylene andels il @Nent Fhudle' BedoftfbelBiok Bt the chthipst zation of
i ggggggngnng:hifgﬁgmsggd élﬁétia: prodnggg?decé%e 1- ogtgéecg%e and/ or

Generally, reaction pressures are within a
range of about atmospheric to about 2500 psig.

15 Preferably, reaction pressures within a range of about
atmospheric to about 1000 psig and most preferably,
within a range of 300 to 700 psig are employed. Too
low of a reaction pressure can result in low catalyst
system activicty.

20 Optionally, hydrogen can be added to the
reactor to accelerate the reaction and/or increase
catalyst system activity. If desired, hydrogen also
can be added to the reactor to control, i.e. minimize,
solide (polymer) production.

25 Catalyst systems of this invention are
particularly suitable for use in trimerization
processes.

Products
The olefinic products of this invention have

30 established utility in a wide variety of applications,
such as, for example, as monomers for use in the
preparation of homopolymers, copolymers, and/or
terpolymers.

Further understand;ng of the present

35 invention and its advantages will be provided by

reference to the following examples.



exanpl e, the nunber of olefin bonds in the conbination of three
ethylene units is reduced by two, to one - olefin bond, in 1-hexene. In
anot her exanple, the nunber of olefin bonds in the conbination of two
1,3- 5 but adi ene units, is reduced by two, to two ol efin bonds in
1, 5-cycl ooct adi ene. As used herein, the term "trimerization" is

I ntended to include dinerization of diolefins, as well as
"co-trimerization", both as defi ned-appve. 10 Sui t abl e
trimerizable ol efin conpounds are t hose conpounds havi ng -from about 2
to about 30 carbon atons per nol ecEXAMBERE havi ng at | east one ol efinic
doubl e bond. Exenpl ary nono- 1-ol etdaRat ratmninclude but are not
limted to acyclic and cy éIC 15 ol ef 1 ns i for exang et hyl ene,
propyl ene, 1- but ene, SRS BYRE R 8pLY ?%ﬁﬂf wer e PREPaTed ISR, 1-
hexene, 1-heptenen Ehertoummqnphame dotiemegen) het faziyient temperatunesmenes,
V'nylCyClOheﬁaneCQB@mﬂﬁﬂti&f¥51ﬁ!6y?1hexano£@9 Fﬁr )e)tQﬁEeaiss§%€£@|afy

nono- ol efi ns |nclude 8: not4 imted ut ene, pent ene,
2- hexene, 3P?mﬁﬂ 44 ﬂeﬁ?eﬁ%;“ﬁﬁﬁﬂﬂﬁﬁe}eﬂg aﬁd
m xtures of two Ghrqnlumtzmsthﬂlhezaanphalytdlfﬁnﬁ|a1dark geeapounds i ncl ude,

but are not |im eflutPonl then, 2,5RULRALLRPERyrdd Rl 3dDABS. wﬂ@dadded
1, 5-hexadi ene. If 2 br an hed and/ or X I'c.olefins_are used as reactants,
whi I e not "wi shi n§°t 6°FR bd%ﬁﬂ”ﬁf“Vﬁ@EF? e pojutinn. oFBd2 SePRFAtesteric
hi ndrance cd@l d bpnteinéhe ax ialmminami abkyl sglucienswathprepared bHne
pranched and/or gYghifiing asP'diA8gS bel)14Nnfihal 141 RABLEAG  LiasEP Ul d be
and triethylaluminum (TEA). The aluminum alkyl
solution then was poured into the chromium/pyrrole
solution. The resgulting dark yellow-brown solution was
1s stirred for 5 minutes and then the solvent removed
invacuo. The remaining oily liquid was diluted with 1-
hexene (20 mlg l-hexene per gram Cr(EH) 3) and allowed
to set overnight. The solution then was filtered to
remove a black precipitate; the filtrate, which
20 contained the homogenecus catalyst, was diluted to the
degsired volume using additional l-hexene.
Example 1 .
The catalyst system for each Run was prepared
using the component molar ratioe given in Table 1. The
25 trimerization reaction conditions and feed rates used
for each Run are given in Table 2. Each Run was
carried out.in a l-gallon autoclave reactor with an
internal cooling coil. The reactor was brought to the
desired pressure (see Table 2) with either hexene or
30 cyclchexane prior to the addition of any catalyst
system or reactants. As the reaction commenced and’
continued, if cyclohexane was used, the cyclohexane
concentration became negligible due to product
formation and withdrawal of reaction product. Ethylene
35 and hydrogen were fed continuously into the reactor
through one port and a solution of the catalyst system
in l-hexene was fed through a second port. The product



- 30 fromthe carbon-carbon doubl e bond. : Cat al yst systens
produced in accordance with this invention are particularly suitable
for and preferably are enployed as trinerization catal yst

systens. 35 . Reaction Conditions The
reaction products, i.e., olefin trimers as defined in this
specification, can be prepared from

- 9- the catal yst systens of this iaveation by solution, slurry,
and/ or gas phase reaction techni ques using conventi onal equi pnment and
contacting procestaean was Coptinuiurlyofrempredpbbrenglva mhicdepPor®i-t h a

catalyst 5 systgataapsbespitastsd éne Qﬂ-)bd(IBBnBérkm%d faetaf&ﬁa‘;ed One
conveni ent et hog}ty or gani c

s 1.0 suspe d th | yst,. Sys
medi um and to agF¥aP89tREcH Rt 2 ol n&?ﬁt%f%‘m‘ffe ctﬁeﬁn’yﬁ‘egyg?%m in
sol uti on t hr ougheaesedethrough ra r@ltze;t itonrprovesany @dldd Pyown contacting
met hods 10 scangalbagcks, emiéﬂ%nerally comprzsed'ﬁbﬁ%;‘ia%%d%EB th' S

i nvention, a slur cess out in a ent ( ium
whi ch L g GemeaPL EREE S ke By, ProsTh,van smisorea BF
Therefore, the clé§ epad¥sieactThe ddandits, ofr enehh%m} dxe w-vebassd on the
sel ection of theqgphki 8l ol efin reactant.




For exanple, if the oligonerization catalyst is used to trimerize

ethylene to 1-hexene, the solvent for the ol i goneri zati on reaction
woul d be 1-hexene. If et hyl ene and hexene were trinerized to produce
1- 20 decene, the oligonerization reaction solvent wuld be
1-decene. If 1, 3-butadiene was trinerized to 1, 5- cycl ooct adi ene, the
trimerization reactor solvent would - b2 -1, 5- cycl ooct adi ene.
Optionally, based on econom cs, - ' ‘F‘@L of the
ol i goneri zati on process pr N Hde usep durigg st a r
. . . . . i . wnl N . [=]
initiation, of t he ol i gone | 9> pegoessy A |di fjfeef ent
di luent, such as a paraffin, cyg raft | B, 31 Sfenelics | o ar bon,
can be used during the oligomner n 3 proceps frnytr ptl EXenpl ary
initial reactor diluents | maliug ap gmﬁ i gnteg soput ane
and cycl ohexane. Once the [ Qps be rggb grged. at al yst,
reactant and optional diluent, # —oRa —~e-teri—db d to be
and cannot be, added to the 35 [ ctorL Y inPotlihe |eolse|@f | th
ol i goneri zation reaction, dgd &l Sijrte @ priliusnte W | {epene dil uted
and ultimately renoved fromthef ghEt] ZdtT om prtdoess | © il B
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feactor. Reaction tenperatures and pressures can be any tenperature

and pressure which can trinerize the ol efin reactants.
Cenerally, reaction tenperatures are within a 5 range of about O[err] to
about 250[err]C. Preferably, reaction tenperatures within a range of
about 60[err] to about 200[ err] C. and nost preferably, within a range
of 80[err] to 150[ err] C. are enployed. Too | ow of a reaction
t enperature can produce too nuch undgs'igbl e insol ubl e product, 10
such as, for exanple, polyner, and too highof a tenperature can cause
deconposition of the catal yst system and reaction products.
Cenerally, reaction pressures are within a range of about atnospheric
to about 250 B&ET. Ip  TTererapty, Teacf!an presoures hin a range of
about at | ot 0 fabout { PO psi g @nd fast jpeef praply, within
a range of 3 psi @ Sare ¢sp 8ye<€|.‘°. Tad © | o | of & reaction
pressure canf N oS at al vt = O 5Pt BmctiVith o
Optionally, [ en ﬁan he adderd o tlhe Heactjas tp celerate the
reaction and greaSe |, caf yst {ypam,actlivigy. | Lf| desired,
hydrogen al's z&ngbe ladded| | Lhe|repgtios (190 gdptrplL.fi.e. mnim ze,
solids (poly otHretorn—25 - Catratyst—syst {ns of this
i nvention ar pafticularlytsul tabke Farf uge in &riferff zation
processes. gof| - e ot s odustis. 1o | The
ol efinic prof 215 1 Bi s icven{ ohohaye BB oqlé’iabléshedjr! tility in a wide
variety of a trops, suchlas, JTol gxanple,[ as mers for use in
t he pre on pfy hgnopol yeels, ¢oppkylnedss 4r8/ of t er pol yners.
Further unde E@] af gk presept) 359 | vt ol &nd| Tt advant ages wil |
be provi ded xteferete tORXNE f ol pwi i [SxanPes] ©
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EXAMPLES Cat al yst Preparation

Cat al yst system sol utions were prepared under an inert atnosphere
(nitrogen) at ambient tenmperatures. 5 Chromun(lI1l) 2-ethyl hexanoate
(Cr(EH)[err]) was dissolved i n anhydrous toluene (40 nL tol uene per

1. 0g of chrom um 2- et hyl hexanoate) to forma dark green sol ution,
t hen, 2,5-dinmethylpyrrole (2,5-DVWP) was added to forma

chrom unf pyrrole solution. In a separate-.l9s -container, an alum num al kyl
solution was prepared by conbi ni ng and m xi ng et hyl al um num di chl ori de
( EADC) and triethyl al Eqrncm:(iﬁit)iveTbarabaq'snmﬁ bHat the molati on

then was poured ixeddaescRRent RN oaponentﬁolaﬁlmwnms pasubting dark
yel | ow brown sol uti i Qut es and, t hen the sol vent
renoved | nvei‘tﬁj%"nfh enrb??? n]ngdl R F&&r% fagenn IfeRFiRAthagd
hexene (20 m's 1-thaterdepwelar avatiqeEidf] ¢he| ratallyst | cwgdnents tin set
overni ght. The Sqlud 93l Ng0s B [1d5 GHSE Ware 1ded IENE A1dbigks
precipitate; the f"”%&:ﬂ */éo C tal ned t he eneous ca’gal yst,
was diluted to tfRows EsRyR i naeﬁﬂd?'fl‘br?aﬂ“’e% RERafEre;
Exanple 1 Runs 102, 103, 104 and 105 had a lower chromium

concentration in the reactor; Runs 102 and 105 were at

higher temperatures; Run 110 was at a lower

10 temperature; and that Run 107 had no hydrogen added to

the reactor.

The data in Table 3 teaches, as demonstrated
in Runs 101, 102, 106, 107 and 110, that excess
chromium can lower l-hexene production and, therefore,

15 result in a lower purity of the hexene fractiom.
However, excess chromium, as in Runs 101, 102, 106, 107
and 110, alsc can increase reactant conversion and
produce more decenes in the liquid product. Increasing
hydrogen mole fraction in the reactor feed can decrease

20 the percent purity of l-hexene in the product stream,
as shown by Runs 101, 106 and 107.

Example 2
Designed eriment

A five factor, three level, central composite

25 design with four center point replicates was used (30
runs total). The data was computer £fit using the
Strategy program, by David Doehlert, available from
Experiment Strategies Foundation, P.O. Box 27254,
Seattle, Washington. The results of the designed

30 experiment are given, below, in Table 4. The factors
and ranges used in the designed experiment, as
indicated in the second through sixth columns in Table

4, were:



The catal yst systemfor each Run was prepared usi ng the conponent nol ar
ratios given in Table 1. The 25 trimerization reaction conditions and
feed rates used for each Run are given in Table 2. Each Run was
carried out in a 1-gallon autoclave reactor with an i nternal cooling
coil. The reactor was brought to the desired pressure (see Table 2)
with either hexene or 30 cycl ohexane prior to the addition of any

cat al yst systemor reactants. As the rigacti on commenced and

continued, if cycl ohexane was used, the cycl ohexane concentration
became negl i gi bl eE¥&&LX 0 pr oduct formati on madgei t hdrawal of reaction
product. Ethyl enecafalystnahdine egefoyese fed continuously into the reactor
t hrough one port and sQl lAEFI on of the cat aI yst sgstem in 1- hexene was
fed through a seconcf&(? Re product MP : EADC : TEA

- 12 - streaﬁﬁ%%ﬁppnasustymzerﬁn/ed thr ough a third port.

Catal yst syst®min thdad¥oeduct stream was ¢eagtigv ie,go es ‘?q aqdition of an
Y& T o renove

al cohol . The pro eam t he passed t roug
any solid by- 5 pr o%&t"? °°ﬁﬁ?’&€’%\§h‘é"r &%y conprised polyrrerl c products.
The conposition of tAARGHCEduct stream wds 5ntei 101 20mbyes cm;a:l&l ysis. The
results of each RBpac¥ qres¥88néd) time in

reactor 0.6 to 1 hour

10 Reactor temperature 100 to 120°C.
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note that the

as shown in Table 1,
that the nol ar

104 and 105 al so were

shows that Runs 103 and 104 were at a | ower
chrom um

and

conpar ative purposes,

rati os of the catal yst conponents,
5 Runs 103,

i denti cal

For
104 and 19%5%had a | ower

107 and 110 were

ratios of the catal yst conponents in

i denti cal

102, 106,
Table 2

Runs 101,
pressure;

nol ar

ferr]

15
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Pproduce nore decones in the liquid product. |ncreasing hydr ogen nol e
fraction in the reactor feed can decrease 20 the percent purity of

1-.hexene in the product stream as shown by Runs 101, 106 and 107.
Exanpl e 2 Desi gned Experi nent A five
factor, three level, central conposite 25 design with four center point
replicates was used (30 runs total). The data was conputer fit using
t he Strategy program by David Doehtezd,- avail able from

Experiment Strategi es Foundation, P.O Box 27254, Seattl e, Washi ngton.
The results of the desi gnXhesFesudxgserfnthe desigpedcmxpprimentin Table 4.
The factors s88Pfor NGNS datld fiolinlihen dehé PrasriuBC ekdiPles AS In
indicated in the secqu t hraough .sixth _colums in Tabl e . 4, were:

- 16 - Fact gpneral, min zing chromium congen gat1on f%}%lyst mol ar
rati os of migimpom ctites chromium waste, GraxxizimDER1 EADCYIEA can be
Hydrogen congent pptified by hinimizi88CERfomium concentrationladd 0. 01 noles
Herr]/liter . Chrom um oncentratlon_én \ reagtor .

6.5 to 13 [err] RPiRIZing | space (residence) time, and min

polymer production can be achieved by increasing
hydrogen concentration and medium to high chromium
concentration. As used herein, references to

10 "concentration” are in terms of concentration in the

reactor vessel. The optimum operating parameters, to
minimize waste and polymer production, with acceptable
activity and selectivity, based on the designed
experiment, are as follows:

15 Chromium concentration: 6.5 to 8 x 105 mole fraction
Hydrogen concentration: 0.005 to 0.013 mole fraction
Space time: up to 0.07 hours
Temperature: about 115°F. (about 46°C.)
Catalyst composition (approximate mole ratios):

20 Cr=l : 2,5-DPM = 1.8 : EADC = 2.5 : TEA = 9

Cr is chromium; 2,5~-DMP is 2,5-dimethylpyrrole;
EADC is ethylaluminum dichloride; TEA is triethyl
aluminum.
While this invention has been described in
25 detail for the purpose of illustration, it is not to be
construed as limited thereby but is intended to cover
all changes and modifications within the spirit and
scope thereof.



Space (residence) tinme in react or 0.6 to 1 heur 10

Reactor tenperature 100 to 120[err]C _ - 17 -
ecr] R RN O RO
: * [ L M S *
21
CLAIMS ‘
1. A process for oligomerizing olefins in the presence

of an olefin oligomerization catalyst system which comprises
contacting said catalyst system with an olefin in a solvent,
said catalyst system comprising a chromium source, a pyrrole-
containing compound and a metal alkyl, wherein said solvent
corresponds to a product of said olefin oligomerization
_process.

2. A process according to claim 1, wherein said
oligomerization process is a trimerization process.

3. A process according to claim 1 or 2, wherein said
chromium source is a chromium(II)-containing compound, a
chromium (III) -containing compound, or a mixture of two or
more of said chromium(II)-containing compounds.

4. A process according to claim 3, wherein said
chromium source is a chromium{III)-containing compound which
is a chromium carboxylate, a chromium naphthanate, a chromium
halide, a chromium pyrrolide, a chromium dionate or a mixture
of any two or more of said chromium(III)-containing
compounds.

5. A process according to claim 4, wherein said
chromium source is chromium(IXI) 2,2,6,6-tetramethylheptane-
dionate [Cr(TMHD),], chromium(III) 2-ethylhexanocate [Cr(EH)3
or chromium(III) tris(2-ethylhexanoate), [chromium(III)
naphthanate [Cr(Np)3)3], chromium(III) chloride, chromic
bromide, chromic fluoride, chromium{(III) acetylacetonate,
chromium(III) acetate, chromium(III) butyrate, chromium(III)
neopentanocate, chromium(III) laurate, chromium(III) stearate,
chromium (III) pyrrolides, chromium{III) oxalate, or a mixture
of any two or more of said chromium(III)-containing
compounds.

6. A process according to any one of the preceding
claims, wherein said metal alkyl is a non-hydrolyzed metal
alkyl and ie an alkyl aluminum compound, an alkyl boron
compound, an alkyl magmesium compound, an alkyl zinc
compound, an alkyl lithium compound, or a mixture of any two

CASE: 3307
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22
or more of said metal alkyl compounds.

7. A process according to claim 6, wherein said non-
hydrolyzed metal alkyl is an alkylaluminum compound.

8. A process according to claim 7, wherein said alkyl
aluminum compound is triethylaluminum.

S. A process according to any one of the preceding
claims, wherein said pyrrole-containing compound is pyrrole,
a derivative of pyrrole, an alkali metal pyrrolide, a salt of
an alkali metal pyrrolide, or a mixture of any two or more of
said pyrrole-contgining compounds.

10, A process according to claim 9, wherein said
pyrrole-containing compound is hydrogen pyrrolide, 2,5-
dimethylpyrrole, or a mixture thereof.

11. A process according to any one of the preceding
claimsg, wherein said catalyst system further comprises a
halide source.

12. A process according to any one of the preceding
claims wherein said olefzn has from about 2 to about 30
carbon atoms per molecule.

13, A process accordzng to claim 12, wherein said
olefin is ethylene. _

14, A process aécording to any one of the preceding _
claims, wherein said solvent is an olefin having £rom about 2
to about 30 carbon atoms per molecule. ‘

15. A process according to claim 14, wherein said
solvent is l-hexene.
1l6. A process according to any one of the preceding

claims, wherein the solvent used for the oligomerization
process corresponding to a product of the process is used
during substantially the entire oligomerization process.
17. A process according to claim 16, wherein ancther
sclvent is used during the initiation of the polymerization

process.
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- Abstract of the g;gciagu;g
PROCESS FOR OLIGOMERIZING OLEFINS
A process is provided to trimerize or oligomerize
clefins in the presence of an olefin oligomerization catalyst

and a solvent which is a product of the olefin
ocligomerization process.



The results.of the designed expe | t the data founcfw'? m’
et et AN e

m ni mi zi ng Ati on and mi ni m zi ng the kpace 15 é8bknce)

ti.me, and ri i num pol ymer production can be achi eved by increasing
hydr ogen cdndenf §a3¢D1E%Nnd] medi um to hi gh chromni um concentration. As
used hereir, {references to{1) "consebstizutersheate i1h Aaioher 3P97
concentratifon i n the reqctor vessel. The optimum operating paraneters,
to mnimze waste and poélymer pregduction, with acceptable

activity and select|V|ty based ong tb%ﬁ9§3g2$ed experinent, are as
foll ows: 15 Chrom um concent r at 0 8 x 10[err] nole fraction
Hydr ogen doncentr at PoRTC0e88559% QlLigppesiringr atefipe in thegpxeseprfe:

up to 0. Obfa Blefin olegpRéditdtion catalyst sysbawiwhildl ompkieabout

46 C. t { 0
[er:r] %Oﬁﬁ_aicu SQEXEAE%QQPQS% g%awggxmsfem 3& q Is%ﬁ.r gﬁx]% i

2, 5-DVP | $aid5 catASyy BYPEERconprisingpe Férewypaﬂnﬁqumadmra#?de TEA

is triethyontainifligiolpbund and a metal alWhil ewhéieid nad iselvieas been

descri Ded ddtRponls! B! af BEoblce R RASA Q8 kbhUSH ALAN ddscho not Lo be

<

construed as i nten 0 CO changes and
nmodi fi cat IBAPSSMSt-hin the spirit and scope t hereof.
2. : A process according to claim 1, wherein said

oligomerization process is a trimerization process.
3, A process according to claim 1 or 2, wherein said
chromium source is a chromium(II)-containing compound, a

chromium(III)-%&?a§é%ﬁ% Iﬁ -_ound, or a mixture of two or
more of said cEEEEEum(IiIQZ::taining compounds.

4, A process ;ccoraing to eclaim 3, wherein said
chromium source is a chromium(III)-containing compound which
is a chromium carboxylate, a chromium naphthanate, a chromium
halide, a chromium pyrrolide, a chromium dionate or a mixture
of any two or more of said chromium(III)-containing
compounds.

5. A process according to claim 4, wherein said
chromium socurce is chromium(III) 2,2,6,6-tetramethylheptane-~
dionate [Cr(TMHD),], chromium(III) 2-ethylhexanocate [Cr(EH)3
or chromium(III) tris(2-ethylhexanocate), [chromium(III)
naphthanate [Cxr(Np)3)3;], chromium(III) chloride, chromic
bromide, chromic fluoride, chrom;um(III) acetylacetonate,
chromium{IXI) acetate, ch:om;um(III) butyrate, chromium(III)
neopentancate, chromium(III) laurate, chromium{III) stearate,
chromium (III) pyrrolides, chromium(IIX) oxalate, or a mixture
of any two or more of said chromium(III)-containing
compounds.

6. A process according to any one of the preceding
claims, wherein said metal alkyl is a non-hydrolyzed metal
alkyl and is an alkyl aluminum compound, an alkyl boron
compound, an alkyl magnesium compound, an alkyl zinc
compound, an alkyl lithium compound, or.a mixture of any two
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-21- e | 4o CLAAVE 1. A process to ol i gomeri 2 &GP e
i ns under ;pffec{gve ol etd hn tocﬁ,gapg@rl zation conditions in the presence of

a hom)genqous olJefl kd 9 _|_'(.)_n cat al yst st.em conpri sing contacting
sai d, catal, yst sy tem \M@} an, §?‘l rf\ -al sol Veﬁy%smute sheet eiZ) 3& ne 1999

cat al yst: syst e corrp I'Ses “a zhrom um source sel ected fromthe
Qn

group cpnsisting of chromug@c . ﬁqg having the formla
C X, V\hPe[E[m'-= e aREEEM he BB GE 41 T eren na rE‘I organi c or :

i nor gani ¢ radi cal “and This inVRRESRR relakes ’E'B Blef’-aner“Ctl‘m-
pyrrol e-contai ni ng conl@gindndprim&yiBy alfkhh- smaﬁznad haRtt manyWherein

d | | f
3?: g ﬁgryggt %%nm S%s"f‘?ses’%%i’fﬁ %?ggggsg%%gg’gtﬁr né‘*f’ 8I8aﬁ‘m%fx%%‘r ein said
ol i ggrrerl zat can peossssd | $nahydroformalabiopr mxesproceases) . Inprocess
accor di ng t 0 glydihich Yq %s&@eég' Hgééiﬁ'lc cRERPOLYE SQYLER 't feins

chromun(l1)-=containing co
can be used in polymer:.zat:.on processes as either a

monomer or comonomer to prepare polyolefins, or
polymers. Often the production of olefins is carried
10 out in the presence of a solvent, or a diluent.
Unfortunately the presence of such a solvent or diluent
complicates an olefin production process by requiring
the presence of an additional chemical, i.e., the
solvent, which therefore necessitates piping and
15 . control systems for the solvent. Additional processing
step(s) in order to separate the desired olefin product
from the solvent, as well as solvent recovery and/oxr
disposal, also can be necessary. . _
By "consisting essentially of" herein it is

20 intended to mean that process stepe, substance or
mixture of substances recited after this phrase
does not include ehy lfurther respective steps or
components which would materially affect the
functioning of the process or properties of the

25 substance or combination of substances produced

by the process or recited aftexr this phrase.

Summa of the Invention

Accordingly, it is an obzeet of th.'LB
invention to provide’ improved olefin Produc tion

bprocesses, particularly improved olefin trimerization
and/or oligomerization Processes.

30

It is furthermore degirable to trimerize

and/or oligomerize olefins in a minimal amount, or
absence, of a solvent.

35 . In accordance with this invention, a process

This is the replacement sheet
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chrom unm(111)-containtrg conpaund, or a m xture of two or nore of said

chrom um (11 )ng{,i yum (111) - containing conpounds. 4, A
process accor ; H K wher ei n said hr.om ur LRe® 999
chrom um(111) *Cantgi i“m Hpound whi <21 - §y%s{'€w‘ﬁe§rﬁ%?n c%fbjgégl ate, a
chr omi um napht hanate, a chrom um hedAmhe, a chrom um pyrrolide, a

chrom um di onate or a m xture of any tTwo or nore of said chromun(lIl)

-containingL, @NPeEESs to oligomerizebSolefins 4nfAk@CeFFertGidlidet On
claim4, wherein said chromumsource is chromun(Il11)

2, 2, 6, 6-t etolaipgpdthet hegpt hor- cdndiatiensCiaTVED) peesbhcecbfoal bididdeneous

2- et hyl hexanoate [Cr(EH)3 or chromun(lll) tris(2-ethyl hexanoate),

[ chr omi un( [9deEimpit hgomeripatipp) SptedyvEE, spaten amppripichl eontactingni ¢

brom de, chronmic fluoride, chromun(lll) acetylacetonate, chromun(lIl)
acetat e, climi (FR¥21IYSBUBYREER WakBoRRUARLRELR ABoPeAPANSREE, chromiun(ll1)
| aurate, chromun{lll) stearate ghrom’ unt | II%l ggr[ol I des, chromun(Ill1)
oxal ate, or a m%REFEIBiSANG ERE2GYSFoPESEERsSPRPELPSRi un(111) - cont ai ni ng

conpounds. a) a chromium source selected from the group

consisting of chromium metal and a chromium salt having
the formula CrX , wherein X can be the same or different
and is an organic or inorganic radical and n is an integer
" from 1 to 6;
b) a pyrrole'::-containing compound; and
-c) an alkyl compound; and
wherein said solvent consists essentially of a product

of said olefin oligomerization.

. 2. | A process according to claim 1, wherein said
oligomerization process is a trimerization process.
3. A process according to claim 1 or 2, wher'ein_ said
chromium source -is a chromium(II) -containing compound, a

chromium{(III) -coptaining gompound, or a mixtuxre of two or

more of said chromium (II) and chromium (III) - containing
compounds.
4. A ﬁrocess accorcing to claim 3, wherein said

chromium source ia a chromium(III)-containing compound which
is a chromium carboxylate, a chromium naphthanate, a chromium
hali_de; a chromium pyrrolide, a chromium dionate or a mixture
of any two or more of said chromium(III)-containing
compounds.



6. A process according to any one of the preceding clainms, wherein said
al kyl conpound is a non-hydrolyzed nmetal alkyl and is an al kyI al um num

conpound, an‘l“l(yT“borﬂ%ee%eund an al kyl ngg%e ﬁqéﬁsgpo%\? 1§b e

zinc corrpoun h| um conpoun@2 or
of *sai d net al mu 7. A process according to claim 6,
wherein said no tal al kyl is an al kyl al um num conpound. 8.

A process accordi ng to cI al m 7 wherein said al kyl al um num conpound is
triethylalumnum 9.. A process according to any one of the preceding
Elains, wher®in said PyPFfesetrcamfing o rpioridd 4 swheredn esadad derivati ve
of pyrrol e, shreptifcal isonetal ipyctnainide (IaTsad t2,6f, saRe8t&né thyTietap)a.s Ol i de,

or & m X ur euninsaly (HQTREDIDY ¢ G- aAl(BYEY O Sk gpaa&wce%meﬁg% 10.
A process acczpcq'ch &&g %/\/n I n. sal e- cont al hi ng corpound i s
hydrogen pyrtolS zpﬁ;géfpée"?ﬁ" e x L GRECRHE FHE A
process accdtaRaR %t&nicmﬁﬁpb?)glhe chrevigh (KL IG aharsridxherq;m@m d cat al yst
system f urt hercotieEr icketmachal kdks FeQUEEComikgn (ITT) aclePlOeasHaGCOrding to
any one of ldiedlieertindy chakibs HELALN fA) UElLlefasllamahal,? to

about 30 carbon at ons er ecul
aentanoate, c.hz:om:.um(III) laurate, chromium{III) stearate,

chrom:.um{III) pyrrolides, chromium(III) oxalate, or a mixture

of any two or more of said chromium (III) -contai.-ning
compounds. '

6. A process according to any one of the preceding claims,
wherein said alkyl compound is a non-hydrolyzed metal

alkyl and is an alkyl aluminum compound, an alkyl boren
compound, an alkyl magnesium compound, an alkyl zinc
compound, an alkyl lithium compound, or a mixture of any two

or more of said metal alkyl compounds.

7. A procéss according to claim 6, wherein said non-
hydrolyzed metal alkyl is an alkylaluminum compound.
8. A process according to claim 7, wherein said alkyl

aluminum compound is triethylaluminum.

9. ‘A process according to any one of the preceding
claims, wherein said pyrrole-containing compound is pyrrole,-
a derivative of pyrrole, an alkali metal pyrrolide, a salt of
an alkali metal pyrrolide, or a mixture of any two or more of
said pyrrole-containing compounds.

10. A process according to claim 9, wherein said
pyrrole-containing compound is hydrogen pyrrolide, 2,5-
dimethyipyrrole, or a mixture thereof.

11. ) A process according to any one of the preceding
claims, wherein gaid catalyst system further compr.:ises a

halide source.

12. A process according to any one of the preceding
¢laims, wherein said olef:.n has from about 2 to about 30

carbon atoms perxr molecule.

This ie the reph,oemont gheet
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13. A process according to claim12, wherein said olefin is ethyl ene.
14. - A process according—te any one of t he precedl ng clainms, wherein

ol ecul e, 15, ﬂ'ﬂﬂlfﬂﬁﬂlﬂm ﬁgﬂéé‘%oﬁfj??@%tbﬁ”&%v i35 SheFtr RS te 585nt

I s>1- hexene. A brocess oligonerize olef ins under effective olefin
ollgonerlzatlon conditions in the presence of a honbgeneous olefin
ol i gomeri zati on catal yst system consisting essentially of contacting said

_catalyst Systemwthaaﬁreésébnawofdﬁ&wtclamhq&el WneednCabalyst system
“conpri ses fonium Slé’é{- selected fromthe group consisting of chrom um
netal and 3 Woﬁ?u?ﬁ" 2 faving the formula CrX[err], wherein X can be

the sanme b4.differ chtpapdess arcording (tQ)ranyn@mganlfcth&dbtabedmhg nis an

integer fremimgo @he@e:[)ﬂr ERLE- £V @i Ng aQ—PrHS.@f@.QL hlali}éhg""k!rl:mr %%%htv"'zt h
t he chrom um sourc rma chrom um pérro I de conpl ex and an al kyl

conpound; ﬁﬂdab°ut\/\?lér%"f‘ﬁb‘§ﬁl ﬁt%‘l’v%?ff “es essentially of a product
of said ol®5in ol i gonepraaessnapeocdixsy to claim 14, where:.n said

solvent is l-hexene.
16. A process to oligomerize olefins under effective olefin

oligon;erization conditions in the presence of a homogeneous
olefin oligomerization catalyst system consisting essentially
of contacting said catalyst system with an olefin in a solvent;
wherein said catalyst system comprises a chromium source
selected from the group consisting of chromium metal and a
chromium salt having the formula CrX,, wherein X can be' the
same or different aﬁd .is an organic or inorganic radical and

n is an integer from 1 to 6, a pyrrole-containing compound
that will react with the chromium source to form a chromium-

pyrrolide complex and an alkyl compound; and

wherein said solvent consists essentially of a product

of said olefin oligomerization process.
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