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This invention relates to chromium catalysts
or cocatalysts to trimerize, oligomerize and/or

polymerize olefins. This invention also relates to a

process to: trlmerlze, oligomerize and/or polymerize
oleflns. .

Supported chromium. oxide catalysts have been
a dominant factor in the production of olefin polymers,
such as polyethylene or copolymers of ethylene and
hexene. These catalysts can be used in a variety of
polymerization processes. However, most known chromium
compounds must be supported to be catalytically active.
Furthermore, most supported chromium compounds are’
useful only for olefin polymerization. If an olefin
copolymer is desired, the polymerization process
becomes more complex in that two different monomers
must be fed to the polymerization reactor.

Olefin trimerization and oligomerization
catalysts are also known in the art, but usually lack
selectivity to a desired product and also have a low
product yield. However, olefin trimerization and/or
oligomerization, if done efficiently, is a process to
provide useful olefins. These olefinic products can be
further trimerized, oligomerized and/or, optionally,
incorporaﬁed into a polymerization process.

In EP-A-416 304 there is.described a chromium—

containing compound having the formula:
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oxidation state is from O to 6. As used in this
disclosure, chromium metal is included in this
15 definition of a chromium salt. Generally, the chromium
salt will have a formula of CcrX,, 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
organic radicals can ﬁave from about 1 to about 20
20 carbon atoms per radical, and are selected from the -
group consisting of alkyl, alkoxy, ester, ketone,
and/or amido radicals. The organic radicals can be
straight-chained or branched, cyclic or acyclic,
aromatic or aliphatic, and can be made of mixed
25 aliphatic, aromatic, and/or cycloaliphatic groups.
Exemplary inorganic radicals include, but are not
limited to halides, sulfates, and/or oxides.
Preferably, the chromium salt is a halide,
such as, for example chromous fluoride, . chromic
30 fluoride, chromous chloride, chromic chloride, chromous
bromide, chromic bromide, chromous iodide, chromic
iodide, and mixtures thereof. Most preferably, the
chromium salt is a chloride, such as, for example
chromous chloride and/or chromic chloride, due to:
35 simple separation of the reaction by-products such as,
for example, sodium chloride, as well as relatively low
cost.
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10 Exemplary preferred metal amides include, but
are not limited to, lithium dimethylamide, lithium
diethylamide, lithium diisopropylamide, lithium
dicyclohexylamide, sodium bis(trimethylsilyl)amide,
sodium indolide, alkali metal and alkaline earth metal

15 pyrrolides, and mixtures of two or more thereof. Most
preferred are the above metal pyrrolides such as lith-
ium pyrrolide, sodium pyrrolidé; potassium pyrrolide,
and cesium pyrrolide, because of high reactivity and
activity with the other reactants. Examples of substi-

20 tuted pyrrolides include, but are not limited to sodium
2,5-dimethyl pyrrolide and/or 3,4-dimethyl pyrrolide.
When the metal amide is a pyrrolide ligand, the
resultant chromium compound is a chromium pyrrolide.

In accordance with a first aspect of the
25 ~ present invention pyrrole itself (hydrogen pyrrolide)
or a substituted pyrrole is regpgnized as a suitable
pyrrolide. Pyrrole is a preferfed hydrogen pyrrolide.
Substltuted pyrroles are 111ustrated below.
The ether in the reaction mixture can be one

30 or more ether compounds to effggt a reaction between
the chromium salt and the metéilamide. While not
wishing to be bound by theory}fit is believed that the
ether can be a reaction solveﬁﬁi,as well as a possible
reactant. The ether can be aﬁffaliphatic and/or

35 aromatic compound containing an R-O-R functionality,
wherein the R groups can be the same or different, but
preferably is not hydrogen. Preferred ‘ethers are



10 Exenpl ary preferred netal am des include, but are not
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dimethoxyethane, derivatives of dimethoxyethane, and
mixtures thereof, for the reasons given'above, as well
as the reason that the preferred salt of an amine is -
15 soluble in these ethers.

The three reactants can be combined in any
manner under conditions suitable to form a solution
comprising one or more of the inventive chromium
compounds. The reaction preferably occurs in the

- 20 absence of oxygen and moisture and therefore under an
inert atmosphere, such as, for example nitrogen and/or
argon. The reaction pressure can be any pressure
sufficient to maintain the reactants in a liquid state.
Generally, pressure within the range of from about

25 atmosphéric pressure to about three atmospheres are
acceptable. For ease of operation atmospheric pressure
is generally employed.

The precipitated inventive chromium compounds
can be recovered by any method known in the art. The

30 simplest procedure to remove the precipitated chromium
compounds is by filtration.

In accordance with a second aspect of the
present invention, the metal pyrrolides useful as
éatalysts or cocatalysts can also be prepared from

35 salts of metals other than chromium. Exemplary metals
include nickel, cobalt, iron, molybdenum, and copper.
As with the chromium salt, the metal oxidation state of



-4- aliphatic ethers, for safety reasons in that aromatic et hers
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: facilitate a reaction between a chrom um halide and a Group I A or G oup
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nol ybdenum 1%ind ppeferred are supports selected from the group
consisting of silica, silica-alumina, alumina,
fluorided alumina, silated alumina, thoria,
aluminophosphate, aluminum phosphate, phosphated
silica, phosphated alumina, silica-titania,

20 -~coprecipitated silica/titania, fluorided/silated
alumina, and mixtures, thereof, being presently
preferred, as well as any one or more of these supports
which can contain chromium. The presently most
preferred catalyst support, because of the greatest

25 trimerization activity, is aluminophosphate, as
disclosed in U.S. Patent 4,364,855 (1982).

The amount of chromium pyrrolide compound per
gram of support can be expressed in different, yet
equivalent terms, such as, for example, moles of

30 chromium per gram of support. Usually, less than about
8.6 x 1073 moles of chromium per gram of support is
sufficient. Preferably, about 1.7 x 107 to about 1.7 x
10 to 8.6 x 10™* moles of chromium per gram of support
are used, for reasons given above. '

35 After the support is added and thoroughly
combined with the chromium pyrrolide, it can be
collected by filtration, vacuum dried, then an



As with the chromumsalt, the netal oxidation state of

5. «the*netal can be any oxidation state, including the - el enental,
or netaltic, state. These novel netal pyrrolides can be prepared in a
manper simlar to the  previously described chrom umpyrrolides. 5

The chrom um or other netal - conpounds prepared by the above process can
be used, either as a- Supported and/ or gn§upported catal yst system for
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10 metal alkyl. As more broadly described in the present -
application, the activating compound can have any -
number of carbon atoms. However, due to commercial 3
availability and ease of use, the activating compound -
ﬁill usually comprise less than about 70 carbon atoms

15 per metal alkylzmolecule and préferably less than about
20 carbon atoms per molecule. Preferred activating
compounds which are both a metal alkyl and a Lewis acid
include, but;are not limited to, alkylaluminum
compounds, alkylboron compounds, alkylmagnesium,

20  alkylzinc, and/or alkyllithium compounds. Exeimplary
metal alkyls include, but are not limited to, n-
butyllithium@-sfbutyllithium, t-butyllithium,
diethylmagnesium, dibutylmagnesfnm, diethylzinc,
triethylaluminum, trimethylaluminum,

25 triisobutylaluminum, and mixturés thereof. Most
preferably,factivating compounds are selected from the
group consisginb of non-hydroly#éd, i.e., not pre-
contacted with;}ater, alkylalumiﬁum compounds,
derivétives;bf:51ky1aluminum cbﬁﬁounds, halogenated

- 30 alkylaluminum compounds, and miifures thereof for
improved product selectivity, aﬁiwell as improved
catalyst system reactivity, aqtivity, and/or
productivity. Exemplary ddmpd&é@s include, but are not
limited to, triethylaluminum,=t£ipropylaluminum,

35 tributylaluminum, diethylaluminﬁm chloride, _
diethylaluminum bromide, diethylaluminum ethoxide,
ethylaluminum sesquichloride, and mixtures thereof for




di sclosed in U S, Patent 4, 364, 855 (1982). The anmount of -
chrom um pyrrolide corrpound per. gram of support can be expressed in
different, yet equi val ent terns, such as, for exanple, noles of 30
chroni um per gram of support. Usual I y, less than about 8.6 x 10[err]
nmol es of chrom um per gram of support ig 5 _ sufficient. Preferably, about
1.7 % 10[err] to about 17x 10[err] to 8.6 x 10[err] nol es of
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- 6- act i vatiiethydehumintn, ufoa b;sasrésﬁ])tstiﬂnca{:amyetobystem nmor e

Lewi s acids an Gﬁ%ﬁ re hydr ocar bon conpound
solvent, is ad?‘%’rjt han@ li:X:lcsﬁt‘}|§|rtl}or ﬁ(?%?gﬁ?tﬂ‘l pyrrolide mxture. An
active, 55 supported camy pmoungswodnackivatingbeospbund;esuch as a
filtration. As G0 id1xydl %1'{3!/%5:J Qsiketisaabgw S‘l?%ﬂﬁfic:teh& ggfined as any
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activati ngdCongxaml of chremiumican be usegdsi sereferabhyp, about 20 twar bon
at ons about 100 grams of activating compound, such as a metal
alkyl and/orﬂaiLewis acid, per gram of chromium
pyrrolide, and most preferably about 5 to about 30
- grams of activating coméound, such as a metal alkyl :
15 and/or a Lewis acid, per gram of chromium pyrrolide are
uséd, for best catalyst activity. However, the amount
of activating compound, such as a metal alkyl and/or a
Lewis acid employed can vary with the catalyst support
used. For example, if the support is silica and/or
«~ 20 alumina, too much activating compound, such as a metal «
alkyl and/or a Lewis acid can decrease catalyst
activity. However, a similar amount of activating
compound, such as a metal alkyl and/or a lLewis acid,
used with an aluminophosphate support does not always
25 significantly decrease catalyst activity.

As'more broadly deséribed herein, the
hydrocarbon cgmbound used as a solvent can be any
combination_éf-cne or more aromatic or aliphatic
unsaturated hydrocarbon compounds. While not wishing

30 to be bound by theory, it is believed that an
unsaturated hydrocarbon compoungiacts as more than a
solvent, and can be a reactant ahd/or a stabilizing
component durind and/or subseqﬁent to formation of an
inventive catalyst system. Exehﬁlary unsaturated

35 hydrocarbon compounds, such as{ifor example, a solvent,
can be any unsaturated hydrocarbon compound that can
dissolve the,dé#ivating compound, i.e., wherein the
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atons .per..nol ecule. Preferred activating - “conpounds which are both a
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-7- best cata ystemactivity and pro duct” sel ectivity. The
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resul ts inioat akjieredyst efhe mostipréfersed whsdtatatedesliphhtic
hydrocarbon compound is ethylene'because of elimination
of catalyst?§YStem preparation steps and ethylene can
be a trimerigetion and/or oligomerization reactant.
Specific exemplary unsaturated aromatic hydrocarbon
15 compounds include, but are not limited to, toluene,
benzene, xyiene, mesitylene, hexamethylbenzene, and
mixtures thereof. As described in our above
appllcatlon, the most preferred ‘unsaturated aromatlc
hydrocarbon compound solvent is toluene, for ease of
--20 removal and: min;mal interference. with the resultant -~
catalyst system.
The unsaturated hydrocarbon compound can be
present either during the injtial contacting of a
chromium pyrrolide and activeting compound, i.e., prior
25 to introduction into a trimerization, oligomerization
and/or polymerization reactor, or the unsaturated '
hydrocarbon’ compound can be 1ntroduced directly into
the reactor, As stated above, one or more of the
olefin reactants can be considered the unsaturated
30 hydrocarbon. Preferably, the ﬁhSaturated hydrocarbon
is present during the initial oontacting of a chromium
pyrrolide and activating compouﬁd in order to stabilize
the resultant catalyst system.E In the absence of an
unsaturated hydrocarbon, the resultant catalyst system
35 can deactivate and lose activity over a period of time.
While any amount of unsaturated hydrocarbon
compound can be used, too much or too little can



5 . Any anount - of activating conpound, such as a met al al kyl

- and/ or ‘a Lewi s acid, is sufficient to . activate and/or react with the

- chrom.um pyrrolide catalyst. Usual I'y about- 200 grans of activating
conpeund, i.e., netal alkyl and/or a Lewis acid, per 10 gram of chrom um
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alunlnophosphatgagﬁpgg BegxﬁﬁP ﬁrmﬁﬁgvﬁgt r§?€ﬁ#¥l%§ﬁ??§sdecrease
cat al yst actiV|EyemplarY removal mn$hndseibchuﬂéy'bntcarbedohelémiteﬁhe

hydr ocar bon CO”EB“”@lFE%ﬂtﬂéna §Qbﬁﬁﬂtd ? &ﬁ$3“%€%?§on %gaahg of one

or nore aromatic Or atic unsa ounds. While
not wi shing 30 atPSSBEeSSunﬂnﬁyCPHEéF§tiPPs|§h95$9%vedw¥hh? BR

unsaturateﬂohydwmenﬁhgntsoaaouadna05§ 8RebBY§ iﬂafbébeliev§a|tﬁat taﬁd can
be a reactant and/or_a_st abi

nent duri d/or bsequent
to formation oerHalnlnglvaﬁ¥P58g85t3¥9§?g§ ?%ﬁ?a%k%ﬁ%?giﬁzﬁn urated 35
hydr ocar bon conpesulitantuchtalystf systamupl Ef nosahsatiarated can be any

unsat ur at ed hydh&g%&éQQbBﬂ”EQUBQeEEﬂE C3E is beﬂiéé&évéhééetﬁgt'vat'”9
conpound, i.e
catalyst system can lose activity.

15 An alternative, and then preferred, method in
accordance with the above application to preduce a
supported catalyst system is to combine one or more
solid, inventive chromium pyrrolide compounds with an
unsaturated hydrocarbon solvent, as more broadly

20 disclosed herein, so as to include, for example, _
toluene and/or ethylene, and an activating compound, as
disclosed earlier, such as a metal alkyl and/or a Lewis
acid, such as, for example, triethylaluminum.

In accordance with a fourth aspect of the

25 present invention, a catalyst system can be prepared by
combining a metal source, a pyrrole~-containing
compound, and a metal alkyl and, preferably an
unsaturated hydrocarbon compound, in a mutual solvent
without a preliminary reaction step using an electron

30 donor solvent (for reaction between the metal source
and the pyrrole-containing compound as described
above). The optional unsaturated hydrocarbon, for
example toldene, can serve as the mutual solvent. In
the absence of such an unsaturated hydrocarbon serving

35 as the mutual solvent, there can be used, for example,



.....

-8- . activating conpound can be Lew s-acid and/ or netal al kyl .

I n accoerdance, a third aspect of the present - I nvention'in addition to
the aromatic conpounds having. ~ from about 6 to about 50 carbon atomns
per .nolecule as a 5 sol vent as described in our above, application there
can be used unsaturated aliphatic hydrocarbons conprising | ess

t han=about 20 carbon atoms. per noleculg. ;4aSpecific exenpl ary
unsaturated aliphatic conpounds include et hyl ene, 1-hexene,

1, 3- but adi ene, c%f&kdﬂésédﬂees Hhese RAAYst ‘s'bataagt caheffa&lta@wnsatur ated
allphatlc %ﬁéocarbon gﬁﬁpound Is ethyl ene b gﬁ eI|n1nat|on

of catalyst sySEREHA £3 Yﬁteﬁé’@ﬁ&'tet h?F@ﬁ@rE

trinmerization awime ds gnlmmamﬁiumrsdu&a:et dat. can beSpayi bu:‘ctweemﬂtﬁrxy

unsat urated ar %@Hfs tyéjré)' %rédl %orrpounds i ncl ude, but are not
GARERe dngy

limted to, toluene, enie, nesityl ene, hexanethyl benzene,
and mist ur es thereofTheA@hm;mnbs@umeou51MéaU to thepgairdderon, the

most preferred dnaaldudd &hAhi] 'dalt, cab.y%os%bs HRFAO0 bRda Eﬁlcv%ﬁt s

tol uene, for ease of 20 renoval an "mni mal |nt erence Wt
resul t ant MATgIRIc ShEHun compounds, whey nuﬁ?&t&h&?@&“ﬁydrocarbon

conpound can be:xidatime%ﬁ&telitmffrrcﬂuml RQ Bhe Asi ised denthdisi ng of a

chrom um pyrr ol cQ

ntroduct | on | iSRaEER TR (R s napgld Th B °

pol yneri z&Q on d@ﬁmbt:,ororo!t e chromtivmised t. Genparaddynbéhec eohyomidmtan be
introduced diregdlycd %11 havd N foeﬁﬁf xSt%ﬁQréPﬁVS cARCLE tHRr € Of

t he ol efin reactants can be consi ereg é? "linsaturat e

hydrocarbon.  PFRR@ o 41 LEexRent, anvd, Cate e paYo OXERSdC or Wqﬁl”éébnt -
during the initredic®D} atid 19 ¥ ah GHtEPedrMfrom 1 to 6. Exemplary

organic radicals can have from about 1 to about 20

i5 carbon atoms per radical, and are selected from the
group consisting of alkyl, alkoxy, ester, ketone,
and/ox amideiadicals. 'The organic radicals can be
straight—chaihed or branched, cyclic or acyclic,
aromatic oriaiiphatic, can be made of mixed aliphatic,

20 aromatic, an@)or cycloaliphatic groups. Exemplary-
inorganic radicals include, but are not limited to
halides, sulfates, and/or oxides.

Preferably, the chromium source is a

chromium(II):_and/or chromium{III)~-containing compound

25 which can yiéid a catalyst system with improved

_ trimerizatiéﬁgactivity. Most preferably, the chromium

source is d{bﬁromium(III) compound because of ease of
use, availabiiity, and enhanced catalyst system
activity. :Eiemplary chromium(III) compounds inélude,

30 - but are not ‘Iimited to, chromium carboxylates, chromium -
naphthenates, chromium halides, chromium pyrrolides,
and/or chromzum dionates. Spec1f1c exemplary
chromlum(III) compounds include, but are not limited
to, chromium(III) 2,2,6 6-tetramethylheptanedionate

35 [Cr(TMHD)sl,;chromium(III)2-ethy1hexanoate [Cr(DH)4],
chromium(I;xiﬁaphthenate [Cr(Np)s], chromium(III)



pyrrolide and acttvating conpound in order to stabilize the resultant

catdl yst system In the absence of an unsat urated hydrocarbon, the
resultant catal yst system 35 can deactivate and |ose activity over a
period of tine. Wi | e any amount of unsaturated hydrocarbon
conpound can be used, too ‘much or too little can

-9--. adversely affect cat al yst systeqlact|V|ty Ther ef or e,

preferably, the resultant catalyst systenfls strlpped of any excess
unsaturated ar fdgydéﬂf@ﬁggﬂ (III ng% 11 15eeLR8atia§at ur at ed

aromati ¢ hydrocarbon 5 ca acco %W5V§¥ §§¥ nethog kno in the
Cart, such°%§°m%6rbﬁﬂﬁﬁ$?e c%%?%bﬂtch Fmic. fluory | ary
& em_oval get hodshiefiiuse (ID) O:k?-meétﬂlym%ﬁhoate, tchrénimnat(mm) Vacu;,lm
rying, drying,u r_an.Jnert at ere €0
VREPTRER PR e e RN TN vt ol Wedad ge e o2 L
renai ni ng ﬂnsachramédmhﬁﬂtbbaabehatan chrdmiume(ITE) butyratel,t ant catal yst
system [If no dpaghihat &En% pe égﬁ%ﬁé@e& 'é%)ééﬁl‘.;\%ﬂt (Itt) | $abelaiteved that

t he catal yst syste activ An al ternative,
and t hen prefthEGmlﬁﬂtﬁBHI?nStearaEEco¢E§ﬁEEmMn(ﬁ1¥heP35693¥%ﬁ&§cmulon to
produce a aﬁapagraggoﬁgﬁﬁlx;t:;yaksn&té to conbi ne one or nore

oL O et e OO VRS EEL) S oSBTROY R LR, oA
i ncl ude, 10r eimgpude, but are not limited to, chromous fluoride,
chromous chloride, chromous bromide, chromous iodide
chromium (II) bis(2-ethylhexanoate), chromium (II)
acetate, chromium (II) butyrate, chromium (II) neopent-
aricate, chromium (II) laurate, chromium (II) stearate,
15 chromium (II) pyrrolides, and/or chromium (II) oxalate.
The pyrrole-containing compound can be any
pyrrole-containing compound that will react with a-
chromium salt to form a chromium pyrrolide complex. As
used in this disclosure, the term "pyrrole~containing
20+ compound" refers to hydrbgen pyrrolide, i.e., pyrrole, -
o (CH;N) , derivatives of hydrogen pyrrolide, as well as
' metal pyrrolide complexes. A "pyrrolide" (or a
"pyrrole" as referred to in the first aspect of the
invention) can be any compound comprising a S-membered,
25 nitrogen-containing heterocycle, such as, for example,
pyrrole, derivatives of pyrrole,:and mixtures thereof.
Broadly, the pyrrole-containing compound can be pyrrole
and/or any heteroleptic or homoleptic metal complex or
salt, containing a pyrrolide radical, or ligand. The
30 pyrrole-containing compound can be either affirmatively
added to the reaction, or generated in-situ.
Generally, the pyrrole-containing compound will have
from about 1 to about 20 carbon atoms per molecule.
Exemplary pyrrolides (or pyrroleé) include hydrogen
35 pyrrolide (pyrrole), derivatives of pyrrole,
substituted pyrrolides (or pyrroles), lithium
pyrrolide, sodium pyrrolide, potassium pyrrolide,



‘toluene and/or ethylene, and an activating conpound, as di scl osed

earlier, such as a.netal alkyl and/or a Lew s acid, such as, for
exanpl e, triethylal um num ' I'n accordance with a fourth
aspect of the 25 present .invention, a catalyst system can be prepared by
conmbining a netal source, a pyrrole-containing conpound, and a netal
al kyl= and, preferably an unsat ur at ed derocarbon conpound, in a nutual
sol vent mnthout a preI|n1nary reactlon step using an electron 30

donor sol vent t
pyrrol e-cont ai n| ng co oﬁ} as desc/tu%'ea:lﬁ‘é @aﬁ%goff;?su%e tlonal
unsat ur at ed hyd@¥sda s.f flecause ©f;high tr@a@é?rié'ltd’a@%raﬂf-léélﬁme mut ual

solvent. 1IN yiteRboties Heattahts) um@sewmwm@erw ng 35

as the nutual solvent..there can b f.or ex , . .
T o P Car, S Erales) s naids s Bk, H5g Mk 1imited ;| se
a catal yst Suppm tpyfrolfes2aidaricwy iet alcid, Zmpﬂmm @YRHO ISl Ce

but “can be any Al ghihyde, LEARYADIRRAY, Y sDOve.

The chron1un1source sim E ‘di'dcussed chron1un1sa|t

can be one or Mimetygavrrade, 2 414%9%?%?L?lﬂﬁtgﬁlﬂﬁﬁiﬂﬁﬁnninﬁcﬁﬂﬁlE|n
the. chromium 3 4-%&%1111@&%1% | ethyama) 4-@ikethyuspd in this
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Cr X[ err], mher elimetind-2pyimle~carboxylate. When the pyrrole-
containing compound contains chromium, the resultant-
% chromium compound can be called a chromium pyrrolidei
The most preferred pyrrole~containing 3
compounds used in a trimerization catalyst system are
15 selected from the group consisting of hydrogen
pyrrolide, i.e., pyrrole (C,HN) and/or 2,5-dimethyl
pyrrole. While all pyrrole-containing compounds can
produce catalysts with high activity and productivity,
use of pyrrole and/or 2,5-dimethylpyrrole can producé a
20 catalyst system with enhanced activity and selectivity
to a desired trimerized product, such as, for example,

the trimerization of ethylene to l-hexene, as well as
decreased polymer production.
The metal alkyl, also referred to earlier as

25 an activating compound, can be any heteroleptic or .
homoleptic metal alkyl compound. One or more metal :

- alkyls can be used. The ligand(s) on the metal can be
aliphatic and/or aromatic. Preferably, the ligand(s)
are any saturated or unsaturated aliphatic radical.

30 The metal alkyl can have any number of carbon atoms.
However, due to commercial availability and ease of
use, the metal alkyl will usually comprise less than
about 70 carbon atoms per metal'alkyl molecule and
preferably less than about 20 carbon atoms per

35 molecule. Preferred metal alkyls include, but are not
limited to, alkylaluminum compounds, alkylboron
compounds, alkylmagnesium compounds, alkylzinc



same ,or different and can be any organic or inorganic -~ radical, and n
is an integer from1l to 6. Exenplary - organic radicals can have from
about,1 to about 20 15 carbon at onms per radical, and are selected from
the . group consisting of .al kyl, al koxy, ester, ketone, and/ or

am do- radi cal s. The organic radicals can be strai ght - chai ned or
branched, cyclic or acycIiC : aromatic or aliphatic, can be nmade of

m xed aliphatic, 20 aromatic, and/or CyéP05]IphatIC groups. Exenpl ary-

i norgani ¢ radi cals_include, bt I1n1ted to i des, _sul fates,
and/ or oxi des. compounds . and °¥>r§'§§§*§}u% %’fﬁ%’rﬂ% sg%f ié
chromunm(11l )- naﬂabrathybs)_m(:lmderdmtaam mpt dipuited 260, nkich can
yield a catal ysgy, ¥fi§€hfﬁﬁh:é fikthiumtrﬁiﬁﬂﬂ %?H&@ﬁt'v'ty Most

preferably, the ¢ o sourte I's dhron1u conpound because of

ease of us@iethyimagnesiyn, %#Y%ﬁkﬂﬂi alumpinum,  activity.
Exenpl ary cér ontgihéthyl&0GRoNGH tﬁﬁmtﬁhluﬁuiuﬁ,r eamtmixﬁhi:eg to,
chrom um car box atesf chrom um napht henat es, chrom um hal i des,
chromi um pyrrol HA8EEOE. " ahd/or chromi um di onates. Specific exenplary

chrom un{111) conpounds iMestderepetably, rattivatifeyl compoundscareni un(l|1)
Chront ot 1) S EOPRRRRESRCERRS i ST S beopy e egntrona
[Cr(Np)[err], chrenvunptlpye-contacte with water, clkylabarinug| (1) tris
(2-ethy|her@noaéeﬁpounds, derivatives of alkylaluminum compounds,
halogenated alkylalumlnum compounds, and mixtures
thereof for: improved product selectivity, as well as
improved cata;yst system reactivity, activity, and/or
productivity;f'zxemplary compounds include, but are not
15 limited to, triethylaluminum, tripropylaluminum,
trlbutylaluminum, diethylaluminum chloride,
dlethylaluminum bromide,- diethylaluminum ethoxide,
ethylaluminup_sesqulchloride, and mixtures thereof for
. best cataly#fisystem activity and product selectivit&.
- 20 The most preferred alkylaluminum compound is -
triethylaluminum, for best results in catalyst system
activity and product selectivity, as well as commercial
availabilitj." -
When a trimerization catalyst system is the
25 desired product, the activating compound must be at
least one non-hydrolyzed alkylaluminum compound,
expressed by the general formulae AlR;, AlR,X, AlRX,,
AlR,OR, AlRXOR, and/or Al,R.X, wherein R is an alkyl
group and x is a halogen atom. Exemplary compounds
30 include, but are not limited to, triethylaluminum,
tripropylaluminum, tributylaluminum,
diethylaluminumchloride, diethylaluminumbromide,
diethylalﬁﬁiﬁumethoxide, diethylaluminum phenoxide,
ethylaluminumethoxychloride, and/or ethylaluminum
35 sesquichlofide; Preferably, the activating oompound
for a trinEfiZ§tion catalyst system is a
trialkylalg@inum compound, AlRs, for reasons given



“.chromc bromde, ehromc chloride, chromc fluoride, ~chromum (111)

oxy- 2-et hyl hexanoate, chromum (I11) di chl or oet hyl hexanoat e, .chrom um
(1'11) acetyl acetonate, 5 chromium-(111) acetate, chromium (111) butyrate,
chremum (I'11) neopentanoate, chromium (I11) |aurate, chromum (I11)
stearate, chromium (111) pyrrolide(s), and/or chromum (I11) oxal ate.
Specr:f I c exenplary chromum (11) conpoupds,10 I ncl ude, but are not
limted to, chronous fluoride, chrondlus chl oride, chronous broni de,

chr onous i odi dgpove. CHARMIBE brkrirted ¢isheiAIRa iHun CEoRFLHAN( 1)
acetate-, chromuym II) butyraté, chrom um (I neopent - oat e,
chromum(ll) =1 %NM%@PF)’@F&&P&SJ-VP@ al19’i‘ﬁ)-mum(ll)

pyrro: i des, and/or ChrOl“FdiﬁnfaltlJJoxpw gtable and alctive catelyst g '
pyrrol e- cont ai ni ng _conmpoun n an ro e- Cco ni oun
Chat w11 cact R oun o pReh da e, BESRRrE R A SR PRR e
conpl ex. ratasiséxyclmqarih@rdl sélsodd.ss!ussled tiay reheppreNrowsnt ai ni ng 20
conpound” ref e e'i‘th?Q Iﬁéq{ | fw , :
(derr]Herr] N erivati'ves o rr%%gr? p?droll r{ecanltrea%resent t al

pyrrol i de conpledider gduring (?ﬂhied -n 1aconta Sfea ghremiumed to in
the first aspegouticdha pyrrdl@#%ﬂdtﬁﬂhl and:@nwwehéﬁaprl sing a

5- menber ed, 25 ni.t rogen-.cont ai.ni.n suc f or _exanpl e,
pyrrole, derivadiey cﬁ% gﬁ %ﬁ%ﬁ%%&é £ CRIBEHTY, the

pyrrol e- cam ai mzaj:imnmm]ricbmrmqlm @lrﬁ/or poé.mﬁer:.mmmtseabEprl.c or
horol eptic met g, &' one or’Hdre SF ﬁ&%%%ﬁ&ﬁéa&ii%e or

I'i gand. The 30 pyrrol e€-contal ni ng compoun can e eit I rmatively

added to the ré’&!’tﬁi&ﬁm@r %éﬂﬁaé'dlrarteﬁ fydrocarhgtheral |y, the
pyrrol e- cont ai ni ng corrpomq, Wridathitated aromadicilptallipwaepeut 20 carbon

RN N L R N GO O R B
pyrrol i dexs( or hydradaxdon I:lxtiltnzrmy 1s mtrésdutdel.n Snﬂa uregytiohni de,
pota55|un1pyrnﬁ ﬁkﬁre and most preferably, an aromatic hydrocarbon
and/or ethylene initially is present to produce a
highly active catalyst in terms of activity and
selectivity, as well as a stable catalyst system. The
20 unsaturated hydrocarbon can have any number of carbon
atoms per molecule. Usually, the unsaturated
hydrocarbon will comprise less than about 70 carbon
atoms per molecule, preferably less than about 20
carbon atoms per molecule, due to commercial
25 availability and ease of use.

The unsaturated hydrocarbon can be a gas,
liquid, or solid.  Preferably, tb effect thorough
contacting and mixing of the chrbmium salt, pyrrole-
containing compound, and metal aikyl, the unsaturated

30 hydrocarbon will be in a liquid ﬁnd/or dissolved state.
Exemplary unsaturated aliphatic hydrocéfbons include,
but are not limited to, ethylene, l-hexene, 1,3-
butadiene, and mixtures thereof.. .The most preferred
unsaturated aliphatic hydrocarbdh5is ethylene, since

35 ethylene can be a reactant durihg trimerization, '
oligomerization, and/or polymerization. Exemplary
unsaturated aromatic hydrocarbons include, but are not



- 12, - cesiumpyrrolide, and/or the salts of substituted

pyrrol.i.des,. because of high reactivity and activity with the other
react.ants. Exanpl es of substituted pyrrolides (or pyrroles). include,
but «are not limted 5 to-pyrrol e-2-carboxylic acid, 2-acetylpyrrole,
. pyrr.ol e- 2- car boxal dehyde, tetrahydroindole, 2,5- ‘

di metzhyl pyrrol e, 2,4-dinethyl - 3- ethylpyrque 3- acetyl
2, 4- dlnethylpyrrole et hyl - 2,-4- di net hyl -

(et hoxycar bonylﬁ#gga r@,},e %mwat&nféﬁyl ,&%&0 mesitylene,

di et hyl - 2- pyrr.ol e- car boxyl:ate. V%en t he cohtai ni n conpound
contains chromiRf¥anehylRenzens. and misy HheRgRtnd Ensaberageded a

chrom um pyrr olp¥@kocarbons’ are preﬂeﬁrédﬁinrurﬂeﬁrﬁﬁiimﬁféyé SRLARYBENY
conpounds used in ﬁ.trl {Zation cata%g s¥§%?n1a e_é selected from
the group consi®¥ g;?fl ._ oye £ %SX

(Cferr]H erg] I\I)acm.'l:hmty.? Brlﬂermesltylpreferq:gd nrsatudated aatomatlc

pyrrol e-cont ai dg.C activity
and producti vi [ﬁyi 64ty uglg g? e&r"%% 'y gfn or 2, ??ﬁ rretinwpyrro*‘gg%an
produce a 20 %ﬁﬁ%ﬁ?sﬁtébblbﬁYwﬁmﬁ astlirktr activity and sel ectivity

to a desired trimerized ptsduﬁtunéal@xkra@edfﬁoﬁ@mﬂwydrocarwﬁ is

Lo rer2aton olaSLILE0S. 8o i RN 5 S 0¥, e s SORERRTLLTT s
an activaticg coapautdimenizétiany ¢&ignmerxnat1an and/ohonol epti c net al
?:gghd?g?pgﬁn?H%o%gﬁe?iz gnnf£§$tof1£ﬁ$?é¢&yq a?%%gfﬁg ngPPEPerably,
the |igand(s) unsaturated aromatlc hydrocarbon prior to introduction -
of the chrouium compound(s) into a reactor can improve
catalyst syStem activity and/or product selectivity.
15 Removal of. : e unsaturated aromatic hydrocarbon can be
done in any manner known in the art, such as, for
example, fla hjng or evaporation. The resultant
product iseéiconcentrated, or saturated, solution of an
inventive catalyst system. '

>

- 20 Wﬁeh'the unsaturated aromatic hydrocarbon is
removed priorﬁto introduction to .a reactor, the
concentrateégfor saturated, solution of an inventive
catalyst system can be dissolved in a solvent
compatible’ﬁith the trimerization, oligomerization

25 and/or polym'rization process to improve ease of i
handling th_ inventive catalyst ‘system. Generally, the::
‘solvent is. the same as the reactor diluent. Preferred
solvents include, but are not limlted to cyclohexane,
isobutane, _exane, pentane, and mixtures thereof.
30 The reaction, optionally, also can take place
in the presence of a halide source. The presence of a
halide source in the reaction mlxture can increase
catalyst system activity and productlvity, as well as
increase product select1v1ty._58xemp1ary halides
35 include, b*'fare not limited to:fluoride, chloride,
bromide, aﬁdior iodide. Due to ease of use and
availability;fChloride is the preferred halide. Based




are gny saturated or unsaturated aliphatic radical. 30 The netal al kyl

can have .any nunber of carbon atons. °~ _ However, due to conmercia

avai lability and ease of = - wuse, the nmetal alKyl will usually conprise

| essst han about. 7Q carbon atons per netal alkyl nolecule and
~preferably less than about 20 carbon atons per 35 nolecule. Preferred

met alz al kyl s i nclude, but are not | Lmyged to, al kylal um num conpounds,
al kyl bor on conpounds, al kyl magnesi um conpounds, al kyl zi nc

- 13- C OGP Uit el Actd! /| podicedrit! d&ndliz&r@earebuvmyret al

al kyl s i ncl ude, but e .not limt t0,. Nn- [11thi.um
s-butyllithium & i%ﬁ ﬁﬁﬁnm°£% Pr&ferrea Rat gﬁ%nl di et hyl zi nc,

triethylalum num 5 tri Mtdﬁyiaﬂim isourcer icaso bet ahyl compomndand m xt ur es

t her eof . abI G u

selected fromt h%orbt}acﬁﬂc%%nm li"of noe%%]'g\égl c%ﬁg%‘&‘ﬁﬁ% q'q‘%ﬁ{cfé but
pre- cont act &l w%#ﬁmferlilbllﬁaﬂ &%WP@S aumereér |ﬁ9¥tn¥%

al kyl al um num ngounﬁﬁerein R e s i cidan ﬁ{ﬂ% and
m xtures - - h ﬁ¥j

i mproved cat al ys’fa‘%’?f%for ‘%}r%ﬁed Redd Ct Sel e@%ﬁ?ﬁ?}%tﬁ\é ihﬁr&ﬁﬁ!i‘? vity.

Exenpl ary corrpowuifsist:lnqimf tmmcmma)otchl‘oride nbrethiide, tardndyy| al um num

tripropylal um nu‘{t;gdoirﬁed rid B A4 B Fhiifled YPADS Ul B 1e

di et hyl al um num ethﬁi un1nun1 t hox
10 R is an organic radical, preferably R has from about 1

to about 70 carbon atoms per radical, most preferably
from 1 to zoﬁcarbon atoms per radical, for best
compatibiliﬁiiand catalyst system activity. If R is an
inorganic radical, preferably R is selected from the

15 group oonSieping of aluminum, silicon, germanium,

o hydrogen, boron, lithium, tin, gallium, indium, lead,
and mixture#éthereof. Specific exemplary compounds
include, bﬁtEEre not limited to, methylene chloride,
chloroform, benzylchloride, silicon tetrachloride, tin

20 (II) chloride, tin (IV) chloride, germanium
tetrachloride, boron trichloride, aluminum tribromide,
aluminum trichloride, 1,4-di-bromobutane, and/or 1~
bromobutane.

Furthermore, the chromium source, the metal

25 alkyl and/or_unsaturated hydrocarbon can contain and
provide a hal;de to the reaction mixture. Preferably,
the halideﬁ_ource is an alkylaluminum halide and is
used in conjunction with alkylaluminum compounds due to
ease of nqewand compatibility, ‘as well as improved

30 oatalyst‘sgéten activity and product selectivity.
Exemplary alkylaluminum halideé'include, but are not
limited to, diisobutylaluminum chloride,
diethylaluminum chloride, ethylaluminum sesquichloride,
ethyleluminum dichloride,_diethylaluminum bromide,

35 dieth&laluninnn iodide, and'miitures thereof.

;When a trimerization catalyst system is the
desired prodﬁét, preferably, the reaction mixture




et hyl al um num sesqui chl ori de, and m xtures thereof for best catal yst
system-acti-vity and.product selectivity. 20 The nost preferred

al kyl.al um num conpound is triethylalum num for best results in

cat al yst system activity and product selectivity, as well as

conmer ci al avai l ability. When a trinerization catalyst
systemis the 25 desired product, the.agts wating conpound nust be at

| east one non-hydrol yzed al kyl al um num conpound, expressed by the

general forml onddses la hﬁlﬁ[dﬁ 'dobrod RX[Rirthermore Alipstr] OR, Al RXOR,

and/or Alferr I R r Xis a
hal ogen a'Eom ! g%r#p%%grbf}{donp Eﬁg% AO%%Z{QW% e%?%&ng 8 |egfed to,
triethyl al uni ngnoup consdighing ief GHEmUEVX rhﬁiut@#w Lgiermanium

di et hyl al um nuihlidddle ard Hithld VI tHEREDN dephe halide source, most
di et hyl al umi hunet hoxi de, dijet hﬁl al um numé{lenom de

et hyl al uni &mtﬂﬁﬁmﬁ'dé-s %Lﬁh‘%@n"%e%‘a\!?ﬁﬁl 8pfde.
Preferably, theyaaidlexdortaiaingg! rubmpound Priox" ftcﬁ&iddﬁti@ﬂ éatal yst

_syiefn Is a R tr| al %& Limfe‘f'er %ﬁg%% % reasogs gi ven
triethylalum nmnﬁmnnﬁm@nmmm@m—treated with thalnkdeon of
oot o5 LB porest SR S| IS AL Brobct RIS, of o
an unsaturlé)c ed hydrocar bé‘ﬂ"%eﬁin‘?}@"'pr ¢#Ach reactan 'used to prepare a
trimerization catalyst system can be any amount
sufficient that, when combined with one or more
- olefins, trimerizatlon, as defined in this disclosure,
occurs. Usually, to prepare a trimerization catalyst
15 system, about one mole of chromium, as the element
chromium (Cr), can be combined with about 1 to about 50
moles of pyrrole~contain1ng compound and about 1 to
about 75 moles of aluminum, as the element, in an
excess of uneetnrated hydrocarbon. If an optional
20 halide souroéfie present, usually about 1 to about 75
moles of halide, as the element, are present.
Preferably, eboﬁt 1 mole of chromium, calculated as the
element ch:qniun (Cr), can be combined with about 1 to
about 15 moles of pyrrole-containing compound and about
25 5 to about 40 moles of aluminum, calculated as the
 element alnninun (Al), in an excess of unsaturated
hydrocarbon@fﬁIt an optional halide source is present,
preferably about 1 to about 30 moles of halide,
calculated. as elemental halide (X), are present. Most
30 preferably, about one mole of chromium, as the element
(Cr), is combined with two to four moles of pyrrole-
containing compound and 10 to 20 moles of aluminum, as
the element . (Al), in an excess of unsaturated
hydrocarbon: If an optional halide source is present,
35 most preferably 2 to 15 moles of hallde, as an element
(X), are present.

An excess of pyrrole-containing compound does



either during the initial contacting of a chrom um 'source, a

pyrrol.e-contai.ning conpound and a netal al kyl, or can be i nt r oduced
directly into a triner--10 *- ization, oligonerization and/or polynerization
reactor. . Furt hernore,. one or nore of the olefin reactants can be

consj dered the unsaturated-hydrocarbon. Any unsat ur at ed
aromatic or aliphatic hydrocarbon can ?g used. Preferably, an
unsaturated 15 hydrocarbon initially is p sent in the reaction

m xture and nnshogr?£§égprOaufﬂpgaggatﬁgtﬁ¥€gec?§29g ngxgﬁ et hyl ene

initially is presen Catsl terns of
activity and PrgduétithYy aa§/9§|se&90§1§@§mke é&tanﬁéﬁuﬁﬁ#QQn The 20

unsat ur at ed hydh?&ﬁbéﬂ?béﬁ”chﬁVﬁmﬁfﬁvaUEHE&l?EtCQ&QQEm staﬁiliﬁyﬁ
nol ecul e. Usual he unsatwur at ed h ocar bon w |1 ri se |l ess than

about 70 car bonac{'-””&Yon%“ﬂéPrnﬁF%EﬁFé"l Yef ePHbP§F°P§§s°tfh €bout 20
carbon atons peunsatezated: ‘Hydrbeagbonetanaha?h catalllyslt isyisteand ease of

or Csolid.  pref BPABFFIIEYC AN/BECRCRERERY? PRBe AIS Al b O T
chronium salt, panrdecrease catalysti agstenpegndn&rsrdamt arcaiuqn the -
unsat urated 30 gRydEegabgn Wrbb Bettledalig¥hduRlgf' cﬁkﬁ&@é(ﬂ.@k Sirt €.

Exenpl ary unsatyrated_ali phati c_hydrocarbons | ncl ude, are not
linmited to, ethjPEABPletRefeRmation of a cBGP&XFEn§Y55ﬁvaWH. 4R her eof .

The nost pnefer tagn, canua&etmta‘iﬁdlahl phthlysky dystemdaetividiyhdine,

e ract ViRl eRRE BB eaang! AU iy LR shL Py LmeR L By-produrta i o

hydr ocar bons |néhuespessto&rennoptional halide source can deactivate a
catalyst sgg;em, and therefore can resulg in decreased
catalyst syﬁrem activity. As stated earlier, presence

15 of a halide: ource can increase catalyst system
activity_anj §roduct selectivity.

I accordance with the fourth aspect of the
invention preferably the pyrrole~containing compound is
present in- the reaction mixture together with the metal

20 source prior ‘to the introduction of the metal alkyl.

If this orﬁ' ?of addition is followed, a better
catalyst sféfem, in terms of product selectivity and
catalyst system activity and productivity, can be
produced. ;

25 The reaction preferably occurs in the absence
of oxygen, which can deactivate the catalyst, and under
anhydrous conditions, i.e., in the initial absence of
water. Therefore a dry, inert atmosphere, such as, for
example, nitrogen and/or argon is most preferred.

30 Additionallg,”the metal alkyl is a non-hydrolyzed metal
alkyl. o

-The reaction pressure can be any pressure
which doee£nbt adversely affect the reaction.
GenerallyrfpreSSures within the range of from about
'u““ressure to about three atmospheres are
For ease of operation atmospheric pressure
:yployed.

35




- 15, - ~limted to, toluene, benzene, xylene, nesitylene,
hexanethylbenzene and m xtures thereof. Unsaturated hydr ocar bons
are preferred in order to inprove catalyst system stability, as well
as i-nprove cat al yst system 5 activity. The nost preferred unsaturated
aromatic hydrocarbon is toluene, for best resultant catalyst
systenlstablllty and activity. - 19 - |f. an unsaturated aronatic
hydr ocarbon is added prior to introduction of the chrom um conpound(s)

10 to a trinerization, Tﬁélg@g&ﬁiéﬁtt@ﬁpaﬁﬂégfe can gglxﬁ?rlzatlon
reactor, renov stri ur at ed

hydr ocar bon pr SPPFGaEHFFOdu££|Bgder €°o?ffﬂ% TR %n?uﬂ?ﬁﬁnﬁ%gﬁ&égPﬁ nto a
reactor can i npeaction, tenpet;tﬁre;sWhﬁchchaﬂnt;xnnﬁherreacﬁdeh

selectivity. LieBRUOMAl 201 sLheau0RaLY! 2bed ALODBRL CoRydROSBLNYY 430 D

done in any manner Known I n suth™as, ng or
evapor at i off. Threferyedant product is a cencentrated, or saturated,

sol ution of an 'nVe@heVQeﬁéEibﬁSEiﬁ¥S&SH1ﬁ?oany amount ofVWg§md he
unsaturated aromatic h drocaggon 'S prior to introduction to.a

ed
reactor, the Decesgary,fpx;the reBFtéaPuFat ﬂ°u§olu?P6anF° AoPnEa% i ve
catal yst syst epecednsideredohvadssolatiohvppbcess; aﬂypambhhe Wi Rt indee

T mprove ease oPbich gl Bikive. supdBinfiabey HEL EOACERRREIR0 0 )
t he; 190l veniffiicient.sabependihg opather reactants, ascwellecas the
sol vents '”C'UQ%acQ%Bn@%EmEQ&ahhﬁhtﬁﬁ tsgaxsheaexeasctioﬁetaa@b%k@ne

‘hexane, pent ane, res reaction
optional |y, al ¥8¥¥an UsMalivactimes of,legs thancabeubr 1,day £AR H&urce.
The presence 0%u§f1c1enhﬁ'ld%u&Q!&QGreacthenrﬁﬂﬁélQB Te¥kUtBatAbouY ease

catalyst systegachivi Ly . 2" IR 88t bk £ofdi1#Ebne2Sthe reaction
15 time can be within the range of from about 1 second to
about 15 minutes. Longer times usually provide no
additional benefit and shorter times may not allow
sufficient time for complete reaction.
A heterogeneous, i.e., supported, catalyst'
20 system can befprepared in accordance with the fourth
aspect of the ‘invention in-situ in the reactor by
adding solid suppoft directly to the reactor. As
stated earlier, exemplary catalyst supports include,
. but are not limited to, zeolites, inorganic oxides,
25 either eione:or in combination, phosphated inorganic
5 oxides, and mixtures thereof. Particularly preferred
are supportsfqelected from the group consisting-of .
gilica, silice—alumina, alumina;_fluorided alumina,
silated alum;na, thoria, aluminophosphate, aluminum
-- 30 phosphate, phesphaﬁed silica, phosphated alumina,

' silica~-titania, coprecipitated eilica/titania,
fluorided/silated alumina, and mlxtures, thereof, being
presently preferred as well as any one or more of
these supports which can contaln chromium. The

35- presently most preferred catalyst support, because of
the greatest trimerization activity, is
aluminophospﬁate, as disclosed in U.S. Patent

B ]
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I ncrease product selectivity. Exenplary halides 35 I ncl ude, but are not
limted to fluoride, chloride, brom de, and/or iodide. Due to ease of
use and availability, chloride is the preferred halide. --Based -
-16- on inproved activity, producti\H;&h_.and/orﬁselectivity,

bromi de is the nost preferred halide. ‘The halide source can
be any conpound cont aini ng, a hal ogen. pl ary, conpounds_ i ncl ude,
but 3 Ca e e 1§ TR ¢ PR RASRA AL Loft (A Lo SndpSPATFALeYs
Rlerr]Xerr], watsiystk systdm, arsedrigard ccaiminizanboyaor c radical, X
can be a halidey,.s cled fr u S0sisSti ; | de,

chl ori de, brom"j eff%%aélo{rgél&p}é)%d%&agc@nmgn c%%é blglq%%/l{r‘]éu %r greater
than 0. If 10 fRimatirmrefamly®ReNcal, preferably R has from about 1

to about 7@ carbon atons paferdliddus OSimd¥ BiFE B Y oligohdPiRdt{sn 20
carbon atons per radical, for, best corg)at.l bility and cg%aiﬁ/st system

activity. |f R3nG/QF polymepjzatiqn cakalyst Systems caR 3 ®cted from
the 15  group pr@paed nin cdccdrdancenwisit itinis  aspeeti ofn the hydr ogen
boron, lithium; &i Iy L ndi s ' reof .
Specific exerrpI"'al{’rk"lyéhct:bltﬁrbglouﬂ'n‘JJd;9 omq]nrgcli%lb%? ;_?Jé’?%@zﬁ%l é++$ﬁe€séicﬁ]fo{£

met hyl ene chl ochfzomium squngs ofoRYTrYaETsontrining ceppownd, a metal

tetrachl ogigde, giy120 an (drdatii¥a¥ddhydrded#Dn ChAkd i &k, 1 B &lm
TR AL N P TR X K
earlier, a halide source can be-a¢ded. Reaction
stoichiometries and reaction céﬁditions are the same as
II' those disclosed for the second embodiment of the
15 invention. - _
Any excess of chromium source, in relation to
the inorganic oxide catalyst support, is sufficient.
However, usually, less than abqﬁt's grams of chromium
pyrrolide compound per gram of éatalyst support is
20 sufficient. Preferably, about 6}001 to about 0.01 to
0.5 gram of chromium pyrrolide compound, or chromium
source, per gram of support is used for best support
loading and most efficient use of the reagents. The
amount of chromium pyrrolide, 6ti¢hroniun source,
25 compound per gram of supporﬁ can be expressed in
- different, yet equivalent termg___,’_:;_ such as, for example,
moles of chromium per gram of support. Usually, less
than about 8.6 x 10 moles of chrdmium per gram of
support is sufficient. Preferaﬁii, about 1.7 x 10™ to
30  about 1.7 x 10 to 8.6 X 10" moles of chromium per gram
of support are used, for reasoﬁéwgiven above. .
The resultant heteroééﬁgpus catalyst system
can be collected by filtration é,recover a solid
catalyst system product. The ééli? catalyst system is
35 preferably kept under a dry,‘iﬁé”li
maintain chemical stability and;iéhctivity.

. atmosphere to
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br onobut ane. Furthernore, the chrom um source, the netal 25
al kyl and/or unsaturated hydrocarbon can contain and provide a halide
to the reaction mxture. Preferably, the halide source is an :

al kyd al umi num halide and is - used in conjunction with alkylal um num -
conpounds due to ease of use and campgiibility -as well as inproved
30 catalyst systemactivity and product selectivity. Exenpl ary

al kyl al um num hal i des i ncl ude, but are not limted to,

di i sobutyl al um C di et hyl al uni num chl ori de, ethyl al uni num
sesqui chl ori de, Elhe Pefﬁs?aqeﬁﬁf’rﬁﬁi BR RS L P o dF e hy T ‘iﬂfﬁ’FHYo”ﬁl tstens,

di et hyl al um nunqﬁhsdcqh;taéyﬁt nhxlufies tHeceRAdmium compounds of EP-WALIE 304.

trimerization cqial¥§fb”yst§g&}ﬁ5§{§atlon gggéiygtgrgggeémspgggerabIy, t he

reaction nixture
conpri ses a Shal iGRnsisinxed ?%#4¢EH¢RﬁQFl%%sFatalyﬁF%fé?hﬁ?y?n?ﬂﬁ Al i de

source is sel ect-qnhﬁrpipé f&talygf@qp &8NsichhiGm, 02itéonilny) aha)bges,
ger mani um hal i des, _

and ni xt ures %#h?i%' The hal i de source, nost 5
preferably, is CGH TEURR ARG, gb%r ce and pyrrol e-containing i
conpound prior to addltlonumi chromiumetchtal kgt , system, khbdenchnothenmasbur ce ]
and pyrrol e- r a ]
source, to |ncrease cata e qg@?%%ﬁ%ﬁ%ghgt§v£if§£§% &S EéeﬁlYSt rount
of each redé antsygkans d-'-!ﬁi%f%{ 690m9r1$$|W@E&Wona‘éalﬁﬁfiﬁtasyet‘éwean
be any amount of which is in the hexavalent state, supported on an

inorganic oxide; optionally, the polymerization
catalyst system can further comprise a metal alkyl co-
. catalyst. Exeinplary chromium catalyst systems include,
15 but are not limited to those disclosed in U.S. Patents
3,887,494; 3,900,457; 4,053,436; 4,151,122; 4,294,724;
4,392,990; and 4,405,501. ‘
Any titanium, zirconium and/or vanadium-
containing catalyst system known in the art can also be
20 used. Commercially available titanium, zirconium
-and/or vanadium catalyst system typically comprise
complexes of transxtlon metal halides with
organcmetallic compounds. Exemplary magne51um/t1tan1um
catalysts include, but are not limited to, those ' j
25 disclosed in U.S. Patents 4,394,291; 4,326,988; and :

. 4,347,158.

oligomerization cocatalyst systems, including the
inventive chromium compounds used as a cocatalyst can

30 be any amount sufficient to generate a comonomer that
can be incorporated into the polymer product. The
chromium catalyst systems preggred by the various
aspects of the present inventidn can serve as

The amount of novel trimerization and/or

cocatalysts in conjunction wlth the titanium, zirconium
35 and/or vanad1um~conta1n1ng catalysts discussed above.
The process of the above fourth aspect of the

- ..--..__:g,_'{.a:'é._--._«.,w—uf_. vaes




sufficient that, when conbined with one or nore - ol efins, ,
trinmerizati.on, as defined in this disclosure, . occurs. Usually, to
prepare a trinerization catalyst 15 system about one nole of chrom um
as t-he el enent chromum (Cr), can be conbined with about 1 to about 50
nmol es of pyrrol e-containing conpound and about 1 to about 75 nol es of
alumnum as the elenent, in an excegs af unsaturated hydrocarbon. |f
an optional 20 hal i de source is present, usually about 1 to about 75

mol es of hal i deinvntitvn dreonibinding hesfieital souridesl angblpyrdiat 1 nole

oot Bt tonbouna, afpCTHA selad TR0 ndon be comti ned
about 25 5 t Prafenably as ansaturiahedn hydrogiacibon,c @veidshdhe need enent

al um num (Al), 44 AbIVEELThL e 14 HERIEGn proditd QA thd f an
optional halide source is preigg . ref erably gbout. 1 to about 30
nol es of hat i dProcesses, qefcH déé‘bl%ﬂ"gﬁ?‘&ﬂverﬁﬁ aned are present.

Most 30  pref espll icatdlong. oFurthermore;hthie Watalystheysitamnt (Cr),
|5 000" M R AP g Tl DY R ourn SRl I grroine one
unsat ur at ed inventricraHave imprarvesh piredbictiMiitye asclised ectiwidsento 35
most preferabl yfe iqeslfrdP il il 1l AR P exanp1d n 3T
present. " An excess of_ pyrrol e-cortai ni ng c&hpound does
10 producing one~hexene from ethylene.
Polymerization Reactants
Reactants applicable for use in
polyﬁerizapion with the catalyst systems and cocatalyst
systems and processes of this invention are olefinic
15 compounds which can polymerize, i.e., react the same or
with other olefinic compounds. Catalyst systems of the
invention can be used to polymerize at least one linear
or branched mono-l-olefin having about 2 to about 8
carbon atoms. Exemplary compounds include, but are not
20 limited to, ethylene, propylene, l-butene, l-pentene,
l-hexene, l-octene, and mixtures thereof.
The catalyst systems of the present invention
are also useful in oligomerization processes using
" olefin compounds having from about 2 to about 30 carbon
25 atoms per molecule and having at least one olefinic
double bond. Exemplary mono-olefin compoundé include,
but are not limited to acyclic and cyclic olefins such
as, for example, ethylene, propylene, l-butene, 2-
butene, isobutylene, l-pentene, 2-pentene, 1l-hexene, 2-
30 hexene, 3-hexene, l-heptene, 2-heptene, 3-heptene, the
four normal octenes, the four ndrmal nonenés, and
mixtures of any two or more thereof. Exemplary
diolefin compounds include, but are not limited to,
1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5~
35 hexadiene. If 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



nof_appear to inmprove, catalyst systemactivity, productivity, and/or -

selectivity. An unsaturated hydr ocarbon can i nprove catal yst system
stability, activity, and/or selectivity. An excess of the 5

unsat urated hydrocarbon can harm catal yst system selectivity and/or
activity. Too nuch aIkyIaIuninun1 can decrease catal yst systemactivity
and product selectivity. Too I|ttIe ﬁ%lalunlnun1can result in
inconpl ete formation of a catal yst system ich in 10 turn, can result

oW catal yst Ryabedaeib brodlds .  aePSESPRS LALTRLLAR:E updERl o

pol ymeric by- pro € sourc
deactivate a CYC%iGaP9€t199§§bnPfahhetﬂb#ﬁibrereﬁﬁrﬁbéﬁlShpﬂlde@EEased

cat al yst SYSte”&i&%hﬁtt!rqﬁstﬁéaESQDSﬁLbafﬁonp&@&ﬁﬂéebéﬁd of a halide
source can i ncrease catalﬁst S ct selectiyvity.

ni |t¥ and Ergdu
In accordance with the fotFtHe %ﬁ%E OB+ gﬁeuse nhtBiE; ghselosuren \is he
pyrr ol e- consai ndeginedpasnthescombinatitenndfi anyhtwogathiree, Mot tot-e

t oget her mnth tp;egghgl %8e¥e§§d£§g Rﬁ%ﬂé;é?FthaffﬁrOqugéboﬁdgg t he net al

-al kyl . rsTorder a ron 1s a’bef 1g’dtalyst
system in ter nbonfspisdyeduseticbyi twoy anqactantgaanp;scabya dorasise/ity

and productivity, ¢g@ E%imgrizﬂf?gﬂcﬁﬂo?gés of thl ﬁ%ﬁﬁtﬁ C b

preferably occurs in t sence can deactivate the
catal yst, and uR4efinic cSHH?HFQEs“BéﬁﬁlFPBné) ?eéf‘rﬁﬁcpheﬁlﬁﬁneﬂ ‘absence

of water. teemekdre,atdrgivenaseral npﬁaaﬁéﬁs sueh as, fror

exanpl e, nitrogen_and/or argon.is_nos ref Addi_t.i ona

metal alkyl is 5xﬁgﬁgﬁyngﬁyfgafnﬁfafgign °§ gﬂyle“e can give oane

reacti pn pressuhexens badakhepselfureactionwhich,debutaddenadvamsgiyenf f ect
the. reaction. S-G%%B&Xdieﬁrégsiﬂaggr"‘hghbﬂe&‘j”!ﬁi&a%ﬁg%nfdso Prakapt 35

atnnspherlc presédureto about res are cceptable . For
ease of operatlﬁﬁnafﬁé§§hUﬁFE BFB§§uPéefini°|§°§EﬁEF§th1eﬁbho§EU'

15 trimerize, to give useful products such as, for
example, co-trimerization of ethylene plus hexene can
give one de
of ethylene
trimerization-of 1-decene and ethylene can give 1- _-

20 tetradecene ‘and/or l-docosene, or co-trimerization of
1, 3-butadiéﬂé:and 1,5-hexadiene can give 1,5-cyclo-
octadecadiene. For example, the number of olefin bonds
in the combination of three ethylene units is.reduced
by two, to: one olefin bond, in l1-hexene. In another. -

25 example, the ‘number of olefin bonds in the combination
of two 1,3ébutadiene units, is reduced by two, to two
olefin honaéuiﬁ_1,5-cyclooctadiene. As used herein,
the term !ﬁfime:ization" is intended to include
dimerizati&h'of'diolefins, as well as "co-

30 trimerization", both as defined above.

Suitable trimerizable olefin compounds are
those compounds having from about 2 to about 30 carbon
atoms per- molecule and having at least one olefinic
double bogd. Exenmplary mono-olgfin compounds include,

35 but are not”limited to acyclic and cyclic olefins such
as, for example, ethylene, propylene, l-butene, 2-
butene, isobutylene, l-pentene, 2-~pentene, l-hexene, 2-

_e and/or l-tetradecene, co-trlmerlzatlon
;d l~-butene gives one octene, co-



- -19 . The reaction tenperature can be any tenperature. In
order to effectuate a nore efficient - reaction, tenperatures which

mai ntain the reaction mxture in aliquid state, for reasons given
above, are 5 preferred. . The reaction tinme can be any anount
of time necessary for the reaction to occur The reaction can be
consj dered a di ssol ution process; any amoggt of time whi ch can di ssol ve
substantially all reactants is 10 sufficient. Depending .on the reactants,

as wel IUSasI It he hexer{é?a]g-lllfékérﬁ]f,pqr-dieﬂ&rﬁlg W&m, rmp?éhél Wtehéa”
vary. Usually, s of less than a a icien
Usual |y, react |%ﬁ+ut' inrRal askenssy q%t?otﬁ%ur ‘3 #rﬂﬁ%%ne é‘opt i mum

conditions, t hanhaantemmﬂfany it can norenitthemreafic rmlﬁrfrom about 1

second to fﬂt%é “‘.#3‘551 HRia [ @& I
addi ti onal beneT angcﬁs [ #es iﬁf not aI Adt p{ﬁ}( ?él%l enf time for
conpl et e react ibid-butadiene,- 1,4-pent 3r & e’S"&ﬁ)’gﬁ)‘F?ed Ifatal yst

20 system carbé@néﬁ&i)adxﬁﬂ/w @fdﬁdiam_efi&xé mﬁ‘&méajré@ reactanesst of
the invention | -sjtu in “yeact or, 3@ ollqu§% ori dlrgctly
L9 i 9&% tev

to the reactor.Vipste nots LE0
i ncl ude, bthatrsteric Ihindmhee) cmﬂai |ma'nie1r rﬂlgammmm;.oﬁS

§1| ;Pﬁ:egl ?Egrg(rﬁll"gc%r't [ gﬁ}ar% pr ef err %ﬂ’ &pécgaiﬁ%%zﬁo?¥ sel ect 23df rom
t he group ¥dnsipexkipn(sf of: the olefin preferably should be distant
from the carbon-carbon double bond.
caﬁglyst systems produced in accordance with
this inventibn preferably are employed as trimerization
catalyst systens.

P

15 L i Conditio
Thejreaction products, i.e., trimers and/or

polymers, can‘be prepared from the catalyst systems of
this 1nvent10n by solution reactions, slurry reactlons,
and/or gas phased reaction techniques using

20 conventionalhequipment and contacting processes.
Contacting oﬁ]the monomer or monomers with the catalyst
system or wiﬁh the polymerization catalyst system and
trimerizatiqn/oligomerization cocatalyst system, can be
effected by{iny?manner known in the art.of homogeneous

25 (liquid)'of'ﬁeterogeneous (solid) catalyst systems.
One convenient method is to suspend the catalyst systen

: edium and to agltate the mixture to
maintain the eatalyst system in suspension throughout
the trimerization, oligomerization and/or

30 polymerization process. Other known contacting methods
such as fluidized bed, gravitating bed, and fixed bed
can also be employed. One convenient method with the
catalyst/cdqatalyst systems is ﬁc suspend a
polymerizatibn'eatalyst system in an organic medium and

35 to agitate the mixture to maintain the polymerization
catalyst syetenéin suspension throughout the
trimerizatien?ind/or polymerization process. Aan




- silica, silica-alumna, alumna, fluorided alum na, silated al um na,
thori a, al um nophosphat e, al um num 30 phosphate, phosphated silica,

phosphated al um na, silica-titania, coprecipitated silical/titania,
fluprided/silated alum na, and m xtures, thereof, being .presently
preferred, as well as’any one or nore of t hese supports which can
contain chromum The 35 presently nost preferied catalyst support,
chayse ﬁf ] the gr eat est trinerizatroﬁ aEtivity, S

al um nophosphat.e, dISC|OS in, U S  Pat

-20 - 4, 3‘6‘4’ Fﬁ"’??ﬁ}yﬁf;eﬁgls&epoﬁak‘f then.PS: 8ggneéious A

cat aljyst syst elpo]qmed:ilzlatai.dnr icatalyst system and dnvemtave sacatatysess,
can decrease ury ?efera(al%”@drpﬁl%fo Bl R s:.m%ltaneously to a

Het er ogeneous t |ner|z t1on oner | zation, tion
catal yst syst emolymerdzation reac%pé’rlédqnﬁ %c%&é?"xﬁfp]txg Z%’ﬁect
of the 5 | n%&mﬁt fsyigtidh0 ﬁd@aﬁﬁe&msn X Dtherc mmam:m;

chrom um source, rrol e-containi n , an
unsat urated hy é%\ ﬁiqi4¥%ﬁ£gpgy |#£?€1§§- sc1osé% earlier.
Optional ly, as glised Qieml can also [Heerempddyald detdoialde ms@ec%@mbﬁs*:

Reacti on st 0i,C nmetries and reaction conditi ons are the sane as
t hose dlsclosexF¥§% 'e' second enbodi nent of the 15 i nventi on.

Any excess of chrom um s®eastiom tenparatunes and PRASSURASLFAR BRi de
cat al.yst %hLB)IOOf& | Senpidd tiirdtand preéiﬁi‘é’%idlﬁldﬂﬂ Zrimsesizéan about 5

grans of chromu

oligomerize, and/or polymerize the olefin reactants.
Generally, reaction temperatures are within a range of
about 0° to about 250°C. Preferably, reaction
temperatures within a range of about 60° to about

15 200°C. and most preferably, within a range of 80° to
150°C. are employed. Generally, reaction pressures are
within a range of about atmospheric to about 2500 psig.
Preferably, reaction pressures within a range of about
atmospheric to about 1000 psig and most preferably,

20 within a range of 300 to 700 psig are employed.

- Too low of a reaction temperature can produce

too much undesirable insoluble product and too high of
a temperature can cause decomposition of the catalyst
system and reaction products. Too low of a reaction

25 preSsure can result in low catalyst system activity.
Too high of a pressure can cause production of too much
undesirable insoluble product.

optionally, hydrogen can be added to the
reactor to accelerate the react;on-and/or increase

30 catalyst system activity.

The catalyst systems- of this invention are
particularly suitable for use 1n trlmerlzatlon and/or
oligomerizations. The slurry process is generally
carried out in an inert diluent?(mediun), such as a

35 paraffin, cycloparaffin, or aromatic hydrocarbon.
Exemplary reactor diluents include, but are not limited
to, isobutane and cyclohexane. Isobutane can decrease



pyrrolide conpound. per gram of catalyst support s 20 sufficient.

Preferably, about 0.001 to about 0.01 to 0.5 gram of chrom um
pyrrolide conpound, or chr.om um- source, per gram of support is used

f or sbest support | oadi.ng and nost efficient. use of the reagents. The
anount of chrom um pyrrolide, or chron1un1source 25 conpound per gram of
suppart can be expressed in - differepty yet equi val ent terns, such as,
for exanpl e, nol es of:-chrom um per gran1of support. LBuaIIy, | ess
than about 8.6 theokﬁéihiﬁgla% QheCBEQ deﬁéﬁn‘oﬁoweversuﬁport I's

sufficient. Preferably % b out 13; ﬁg@ﬁ%err]
to 8.6 X 10[errP°H99@§38Psc F&HFE&FBEFo 9°mer6Fa§&BBoFP 2 for
reasons given abgueem is more solublIhinreyulbhekahetermgewe&otegaha|ySt

ST aryst syst onPRRsRlred”tliulhel bkl 8 hRogbRobRE YELuRr dtlon ox | 1o
under a dry5 |noﬂugomswgpncnontoroceSSnﬂSncxchobﬁuﬁneaandtabprpﬁpnmsﬂ

reactivity. diluent for a Peteroggneous t 1meriza%1on or EP-A-417 477
descri bes pol yneri zati on cata gcata yst ens, t

cocat al yst |ncIG&Pﬁ@“ﬁﬁézéﬁﬁeﬁ1ﬁﬁPEGﬁﬁo fqds “EPnﬁe418hSB4the
General ly, pol ymeuhmmmcg&:ehm&m&p&&emguu& a teﬂped'dlt&d'eelihher

chr om et & yEha (bR KROURRE o: o, BBkt AD0 B Uitk ¥ il U
.chrom um capal ysisedyst Pmeifierablyn Mhsnathe reactantbéSupcad°®dmnﬁmdmalIy
avail abl e ChrO”E%ﬁ&@%hﬁhyittemperature in the range of about 60° to
about 150°C. is employed. '
Any amount of polymerization catalyst system
and cocatalyst system can be present in a
15 polymerizationfreactor, in orderfto produce a polymer
,with a desired set of optimal properties, such as, for
example, density, melt index, high load melt index and
molecular weignt. Usually, up to about 40 parts by
weight of a supported, i.e., heterogeneous, cocatalyst
20 systen can be present for each part by weight of
polymerization catalyst system. Preferably, about 1 to
about 25 parts:cocatalyst system for each part
polymerization catalyst system,cand most preferably, 3
to 15 partsﬁbeweight cocatalyst system for each part
25 polymerizationﬁcatalyst system'are present, to produce
a polymer]ﬁith desirable physical and processing
characteristics. :

m:gg_g;' -'*s;
The ©olefinic and/or polymeric products of

30 this invention ‘have established:utility in a wide
variety of application such as, for example, as
monomers for use in the prepa ion of homopolymers,
copolymers, and/or terpolyme_ ‘The polymeric products
of this invention have established utility in a wide

35 variety of applicaton such as for example,
polyethylene ;

:Tn_ifurther understanding of the present



10 ., systens typically conprise chromum at |east a portion of which

is in the hexaval ent state, supported on an . i norgani c oxide;
optignally, the polynerization catal yst systemcan further conprise a.
net al al kyl co- catal yst. Exenplary chrom um catal yst systens
incl.ude, 15 but are not limted to those disclosed in U S. Patents
3,88%,494; 3,900, 457; 4,053,436; 4,151,122% 4,294, 724; 4,392,990; and
4,405, 501. Any titanium zirconium and/ or vanadi um

cont ai ni ng cat dhyehtipat apdkdtsnatdvahbagest widl dlespricrided bysed.
Commercially a I t.l.a u nd/or vanadi um cat al yst
system typi cal %%Ifc%gk‘%e £ %gnh"ﬁf’ggﬂé g}‘aFP n% tion netal halides with
organonetal | i c conpounds. Exenplary meBxamplest i t ani um catal ysts

include, but are not |inmgheqdols. E?%ﬁ@aiént dbbrlediat iohsUaPe BalRN S
4,394, 291; 4, 326,988;. and The amunt of

novel tringrizPEORIReY L the disGiPSBFEr RRg: PFAMPIES ol POme; P Shese
i ncl udi ng the mcluu@vq:m-tuethyabaumnﬁmcagpmmsm sa cocat al yst can 30

mcor por ated | RSN SRR FRaREa8 %%”Bﬂ@réhﬁiwzeéﬁil”y?f syst erts

prepared by thehmmimns (III) aZsptbyiheikanbater @sc it (Ei)gnt CoBHcaOrEBBive as

cocat al ysts iny r.Wlt:L o Re tc,iq.la am rm u c?.ﬁ and/ or
vanadi um cont a| ng cat ?scus?g % Py' l M) The process
of the abd®Pe fEHTOM ylacetonate as Cr(acac)y, Cracac,,
-22- Cracac, Cr(csl-l,oz)s, chromium (IXI) pyrrolide as CrPy,,

[Na(CH0,),] [Cr(C,HN);Cl(CH,0,)1, [Na(DME),]
[Cr(CH,N)5CL(DME)], [Na(DME),] [Cr(Py),Cl(DME)], Product
V, Compound V; chromium (III) chloride tris- -

15 tetrahydrofuran as CrCl,THF;, CrCl;(THF)y; 2,5-
dimethylpyrrole as, hydrogen 2,5-dimethylpyrrolide,
CHN, 2,5-DMP; butene as C,=; l-hexene as 1-C,=; hexene
as Cg;=; octene as C,=; decene as C,;~; dodecene as C,=;
tetradecene as C,=.

20 Example I -

Rup 1001
0.14 g (0.29 mmol) of chromium (III) 2-

ethylhexanoate (CrEH;), [Cr(C,H,0,);], was weighed into a
25 ml pressure tube. The tube was capped with a self

25 sealing crown cap. 0.062 ml (0.89 mmol) pyrrole (PyH),
[C,NH;] and cyclohexane, used as a diluent, were added
via syringe to form a solution, which was about 8 ml
total volume.

0.9 ml of a i.l M solution (0.99 mmol) of

30 triethylaluminum (TEA), [Al(C,H;)3], in heptane and a
0.9 ml aliquot of the CrEH,/PyH solution were added
under a counterflow of ethylene (CP grade) to a 1 liter
autoclave reactor, containing 300 mL cyclohexane, to
form a catalyst system. The reactor was sealed and

35 ethylene addition stopped until the reactor temperature
reached a reaction temperature of 80°C. The ethylene
pressure was increased to a total reactor pressure of



invention in conmbi.ning the nmetal source, and pyrrole- cont ai ni ng
conpound and .the nmetal al kyl, and, _ preferably an unsaturated
hydrocarbon avoi ds the need to isolate the first reaction product as
per.the 5 processes descri.bed in our above-nentioned applicati ons.
Furthernore, the catal yst systens produced by the process of the fourth
aspect of the I nvention have inproved 2groductivity and selectivity to
the desired trinerization product, for exanple in 10 produci nhg one-hexene
fromethyl ene. 550 psig. Ethylene wasytkenzfiedoonRdenandt for a 30
Reactants applicable for u y | zat§ h 4h I

systens and cocH%ﬁngtrﬁn éi?%fe egépggéeégegﬂg Ehﬁlsalﬁeg ??Oé%;re
olefinic 15 cthpoldguidhreactionpproduet smixture wagstakeReaBdne or

with other ol ef Lggy6aAPeyadsapERiatySyasyehooRatbgtagny. wméention can be

used to polynerize | near, g 0-1-.0l.efin having
about 2 to Bboutemaining;rgaftieBnerodugt B ﬁFVrﬁdﬂﬁﬁuﬁagpPﬁéFﬁgea t are
not 20  |im t eg¢neoamduh¥! emesomappi-aaactlwhst determipedt en®he

1- hexene, 1-octene nd_m xtures_th fhe catal yst
systems of the pEENMAE RRSeREPBAT ri38a° §?é°g|§8 Egg%e x?‘nIollgonerlzatlon

processes using olefin conmpounds thnnggﬁlon1about 2 to about 30

carbon 25 atoms per ml 96l 5r38dalizel AdsBiibEASLnORANOhGbLNVES doubl e
bond. Exenpl ary nono-ol e npounds I ncl ude,

g not ed to
acycl i c andOcycifiod 1emwed #3‘¢§96h8 ml ofsa dpt gxéﬁﬂyP&“& r(?r n&™ ;ﬂﬁtene
1-butene, 2- TEAblitrﬁlh%ptla&@bwh\él aaaedlaaeabeng £0- ghe! ErEH,APYHE xene 2-

h -h ik +
30 exene, exene, 1- e&teneﬁbﬁgﬂg eél% R&pkﬁgﬁarggﬁ egnyg?ﬂo or

nor mal octenes
nmor e t hereof. Exmtpltar;the reagitosf i & @oﬂpmln@é-im&tu@@ the are not

limted , 5- 35
nited 1o, ol BUMkR"C011E00hWEs dadedotb dtheNEutastate

hexadi ene. or cyc Ic olefins are used . as reactants,

whil e not WiSshi meactaxs bdim@dditiensdy TEA was dntroduced, dita,fheieric
hindrance coul d hy4&dr f Nerhe results are summarized below in Table

XXIIXX.
. Run 1003
The procedure described in the Run 1002 was
20 followed except 0.10g (0.29 mmol) chromium (III)
acetylacetonate (Cracacs), [Cr(CgH;0,);]1, was substituted
for CrEH; and 6 ml of a 1.1 ¥ solution TEA (6.6 mmol) in
heptane was used in the formation of a Cracac,;/PyH/TEA
solution (8 ml total volume). A 1.4 ml aliquot of the
25 Cracac,/PyH/TEA solution was added to the autoclave
reactor. The results are summarized below in Table
XXIIX. ._
Run LOQQ
: : The procedure describéd in Run 1001 was
30 followed except 0.9 ml of a 1 M solution (0.9 mmol) of
diethylaluminum chloride (DEAC), [AlCl(C)H),], in
hexanes was added to the CrEHQ/?YH solution to form a
CrEH,/PyH/DEAC solution. A 0. 65 ml aliquot of the
CrEH,/PyH/DEAC solution and 0. 9:ml of a 1.1 M solution
35 (0.99 mmol) of TEA in heptane were added to the
autoclave reactor. The results are summarized below in
Table XXIII. '



- 23 - trimerization process. Therefore, the branched and/ or

cyclic portion(s) of the olefin preferably should be di stant fromthe
car bon- car bon doubl e bond. - Trinerization, as used in this

di s¢l osure, is 5 defined as the conbination of any, two, three, or nore
ol efins, wherein the nunber of olefin, i.e., double, bonds is reduced
by two. Reactants applicable for use - 2on-the trinerization process of
this invention are ol ef i ni ¢ conmpounds which can a) self-react, i.e.,
10 trinerize, to give useful productBurut@O08s,. for exanpl e, the

self reaction of ethyl engneApBclaurl®descriBBECIR Rith WIS el I eaction of

1, 3- but adi ene can _gi ve , 5-cycl ooctadi ene; and/, 0 nic
conpounds whi cifollowed;except: 0wt Blopfher 31 ¥f Eplutdemdh@s mmoly. ofo- 15

trigerizez t?_gnun%uafmwkamhaduQESaaaeh &6, the' crEH,/P¥R"BbBution and,
co-trineri [ of e ene S an ve one decene_and/ or
1-t et radecésﬁe, ch.be- ﬁﬁﬂ@*ﬂ‘g‘t F%hﬁ,/lbye&ﬁfgf rﬁﬁ%‘h:éi%ﬁd"i? bReeRelgrvasdane
oct ene, co- at tambient; emperatutedaendnprassurehy underc@rygi ve 1- 20
tetradecene and{; - J0COKERE 0L C LRl | Wolo¥ - hy i.ene
and 1,5-hexadigﬁ§ﬁ%%ﬁg§iv§ ?f§§c§%lg}&&hgg %??§§§c3@%@%&?*?%¥§%§Zh§gg, t he
nunber of ol ef SPIBHEN + 0.9 Bl BE oAbinMt FeAUsLonh(®e 99t mpiadle afhits is

reduced byrHAVEin theptaneoktirenalaed tontheaueselave raaider!, 25
exanpl e, Lhe n er_ of efin bonds in EPgeﬁ%gbLnatl n of two

I
1,3-butadighe § Fequlls.are.gupparige in Table XXIII.
Run 1006
The procedure described in Run 1001 was

followed except a solution was prepared using 0.13 ml
pyrrole. Additionally, 1.0 ml of a 0.1 M solution (0.1

15 mmol) of DEAC in hexanes was added along with the TEA
to the reactor. A 0.9 ml aliquot of the CrEH,/PyH
solution was used. The results are summarized below in
Table XXIII.

Run 1007 _

20 : The procedure described in Run 1003 was
fqllowed except 3 ml of a 1.9 M solution (5.7 mmol) of
TEA in toluene was used and toluene was substituted for
the cyclohexane diluent in the formation of the
CrEHQ/Pyg/fEA solution. Thus, an excess of toluene was

25 present in the reactor. A 0.9 ml aliquot of the
CrEH,/PYH/TEA solution was used. The results are
summarized below in Table XXIII.

Run 1008

The procedure described in Run 1002 was
" 30 followed except 0.10 g of a chromium (III) pyrrolide
(CrPy;) , (Cr(CH,N);ClNa(CH,,0,) 5] (0.17 mmol) was
substituted for CrEH;, and a soLuEion was prepared using
0.04 ml (0.52 mmol) PyH and 3.5 ml of a 1.1 M TEA (3.85
mmol) in heptanes. The final séiution volume was about
35 S5 ml. A 1.0 ml aliquot of the CrPy,/PyH/TEA solution

was used. The results are summarized below in Table
XXIII.



olefin bonds in 1,5-cyclooctadi ene. As used herein, the term

"tr'l'meri zati on" 'is intended to i ncl ude . di meri zation of diolefins, as
well as*'"co- 30 trinerization", both as defined above.

Sw;abl e trinmerizable olefin corrpounds are -~ those conpounds having from
about 2 to about 30 carbon- " atons per nolecule and having at | east one
oi efinic doubl e bond. . Exenpl ary nmendOl-efin conmpounds include, 35

but are not linmted to acyclic and cyclic ol efins such as, for

exanpl e, ethyl ene, propyl ene, 1-buteneRun 1009 pytene, isobutyl ene,
1-pentene, 2-pentene, 1-hfy@RMrodedure described in Run 1008 was

24 - hexene, . 3- hexene, hepte e, hept e he four
normal oct enes, EQHEOYRR (XRR e%g aomﬁ' r}f'ﬁﬁ%& qﬁ%@tﬁ?n Eg ‘#%0 o
nore thereof. EaRoD) aiwy toluehalw&s mmdmmndistoMnaia;as)LSuhsblhnteﬁl m t ed

;gd/gr c>1/cI35I’ (lgut %?I?ic%%%é’ﬁ%g% ]Z’glérig%c %}.ﬁn?atfm? A?@Féé not %Iké(hl/ m%)(r)agghed

bound by t heorysolutienbel Th®d an excess Qe ‘%ﬁf#ﬁlr‘éﬁﬁep’é%%ﬁﬁth%ﬁder t he

trinmerization Theref or enefiaché el /q?s;.imo
portion(s) of t%% ?e?ﬁéf)repgrgb?yﬂéh%u %éfe d| st ant o 4

car bon- car bon c®obntien ¢as used. "The re ﬁ&%ﬂ’é%ﬁ*‘éa@&iﬂwl An

accordance withpable XRIBILNvention preferabl y are enpl oyed as
trimerizatjon catal yst systens. 1 React i on
Condi ti onsig un 10 ;0

The procedure described in Run 1008 was

followed except no neat PyH was added during the _

preparation of a CrPy;/TEA solution. A 1.4 ml aliquot

of the CrPnyEA solution, in cyclohexane, was used.
15 The results are summarized below in Table XXIII.

_ Run 1011
The procedure described in Run 1009 was

followed except no neat PyH was added during the

preparation of a CrPy,/TEA solution. A 1.4 ml aliquot
20 of the CrPy,/TEA solution, in toluene, was used. Thus,

an excess of toluene was present in the reactor. The

results are summarized below in Table XXIII.



The, reaction products, i.e., trinmers and/or pol ymers, can be pr epar ed

fromthe catal yst systens of this invention by solution reactions,
slurry reactions, and/.or gas phased reaction techni ques using 20
conventional equi pnment and contacting processes. Contacting of the
nononmer or nononers with the catal yst systemor with the

pol y:reri zati on catal yst systemand _ aqtrjnerization/oligonerization
cocat al yst system  can be effecte y any manner known in the art of

honbgeneous 25 (l'iquid) or heterogeneous (solid) catal yst systens.
One convenient nmethodjis to suspend the catal yst system i

i njan organic
medi um and to agit_atet“@ev’tﬁxﬂg‘uré‘t(ﬂ T Fhifain tig Tat g yst] systemin
suspensi on t hroughout |l the trinerization, oligonerization ard/or 30
poel ymerization procesy. ~ Qher known, contacfing ngthods _ sugh as
f1ui di zed bed, gravhtdqtingibed, Shd¥ixed Fed ¥V ¥ can a¥sothe dnpl oyed.
One conveni ent meth@d Mt h t he catal yst/cocatal yst systens |is to
suspend a.- pol ygerli zation catalyst systemin an organi c nedijum and 35
to agitate the m xt o maigtain the gol yerjzatjion, ., gptallyst system
in suspension throu t'he trimerization and/ or polyneriZation
process. An e - - 25 - ijnventive
cocat al yst system cfndlt hen be added. A pol ymeri zati on catal yjst system
and inventive cocat ¢ a  Systemeipreferhbl®, chn Al sd belfed
sinmul taneously to ag pol ymeri zation reactor, via one or nore |catal yst
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5 scocatal yst systemfeed streans. Ot her contacting nmet hods such as

fluidi-zed -bed, gravitating bed, and _ fixed bed can al so be enployed with
all these catal yst syst ens. : Reacti on tenperatures and
pressures can be 10  any .tenperature and pressure which can trinerize,

ol i goneri ze, and/or polynerize the olef in reactants. General ly,
reaction tenperatures are within a range ;9f _ - about O[err] to about
250[err]C. Preferably, reaction tenperatures wi thin a range of about

60 to about 15 200[ err] C. and. nost Eﬁﬁ#ﬁlégii within a range of 80[err]
to 150[err] C. are enpl oyed GEnera y, reaction pr ssures ar e

within a range of about gﬁhﬁﬁﬁﬁ&@ thagoghe results in Fable |

reacti on pressXxIIly) ifriom Example cn‘ almllu:he resafliss fdlre mablieo ¥¥Xmwf 1000
poi g and most greleeafibin PGy, WL 30819 AW RO @

enpl oyed. r eacton~t enperature ‘can produce
t oo much ur$desmeal§1té-m&m’qsad)d-@ctdi;ﬁf@rm wegicters, undex enperature

can cause -decorfiqFdret YorlditicHsd! ¥ the us@’%tfemmfe%&té&ryfé&éucts

Too | ow of a reaction_25 pressuré can result in | ow catalyst system
activity. anso ycdiehexane, feedstocks, é‘ﬁJ?@lﬁr ‘R dLTFerant oo nuch
undesi rabl e i ngillydmtsAr Otidever, direct compa@iisomsakdithily&gen can be

added to the rg\ﬁctor tbo ac%el erate the reaction and/or increase 30

cat al yst systerﬁ ' t ) - e. The catal yst systens of this

i nvention1& e -particularly suitabRunf @0dse in trinerization and/or

ol i goneri zations. The slgingy PraEeses mud19e @ﬂﬂbm um | eg_out in an
inert diluent (mediun), such go & ?g )a a?%v a(cla;ﬂ;]; aromatic

hydrocarbon. ethylhexanoate r@i‘cﬁ%) L uéﬁt?"—?‘n@? dﬁastPmHllBeﬁot"’mﬁ% ted
to, isobutane andxwal qiEXA amole)OIE HALCFYIIRAULITVH) in 10 ml of

toluene. 2.8 ml of 1.9 M triethylaluminum (TEA)

15 solution (5.32 mmol) in toluene was added, and the
CrEH,/PyH/TEA solution was stirred for 30 minutes under
dry nitrogen, at ambient temperature and pressure. The
dark brown CrEH,/PyH/TEA solution was filtered and
excess toluene was removed by vacuum stripping, which

20 resulted in 1.0 ml -of a dark brown oil, used as
catalyst system. Under a bounterflow of ethylene, 0.5
ml (0.15g CrEH;;15.2 mg Cr) of the catalyst system and
4.0 ml of nonane (reactor internal standard) were added
to a 2 liter autoclave reactor at 80°C., which

25 contained 1.2 liters of cyclohekane. The reactor was
then pressurized with ethylene to 550 psig, and the
reaction was run for 30 minutes, with ethylene being
fed on demand.

The results are summarized below in Table

30 XX1Vv.

Run 2002
The procedure described in Run 2001 was
followed except diethylaluminum chloride was added in
addition to the CrEH,/PyH/TEA solution.

35 '0.53 g (1.10 mmol) of CrEH; (10.15 wt. % Cr)
was combined with 0.52 ml (7.5 mmole) of neat PyH in 15
ml of toluene and stirred for 5 min. 9.0 ml of a 1.9 M



- 26-. the swelling of the polyner product. However, a -honobgeneous
trimerization/oligonerization cocatal yst systemis nore soluble in
cycl ghexane. Therefore, a preferred diluent for a honmpbgeneous
trimerization or 5. oligonerization process is cyclohexane and a
preferred di luent for a heterogeneous trimnerization or

ol i generi zati on process i s isobutane. vw§n35hg reactant is

predom nately ethylene, a tenperature in the range of about O[err] to

about 300[ err] Coede VAN b used refe I n react ant
S predoninatel?mg‘gﬁhg#%¥F%327'g %@ﬁ%&rggqulgﬁﬁ%hg%?aﬁggwgg g%@ﬁﬁﬂﬁb[err]
to about 1%EH:/PYH/TEAcsplubion was stirred oveppighfpundenfdry

pol ymeri zati on Galdltotdn Bt tMient toNtheratdlrdl YAl prekelredn RGdysksent in
a 15 polynerization Teactor, in order to produci a %gbé r wth a

desired set of dRLiURDe Wash&emoyed from the ggsultan g%l Proydnsity, nelt
i ndex, hi ghd oadomitiomoca aaduum strippdmgr whichhiresudtteld Wyn @R 5 eiabout

g)(/)sf 2:; iaﬁy_be pr°e%\§ain'?i%tr fbé%’é’rsﬁ‘u Bﬁﬁ{-t E& V\g,e P‘glh{( 1@ﬁ%59g%g§%ﬁ&oﬁ%gﬁrgh%sf 20

cat al yst syst emthePrdsink distopm sdduwas wcombinedawdth 250pmit ©f @o®at8d Wt

system for each pardy 1 p‘d'ﬂ%i 1 Rinﬁ. ’?uﬁ:ab?:'lbﬁ-&d@’ peAlc)a6 1M Ibn i _
preferably, 3 v tomﬂvg Bartls jv(z‘giggt cocat a ¥st gy,s'gerln %g,r eag:kx;l B'e?rt 25
pol ymeri zati on QANARR anfk e GrER/ BYHATEA(BEN ofatetion was pBEyEERDW t h
desirabl e plysi cateiiigHt aafier @Fy nitrdyenClaty ambieht temperature
The ol efinic and/0 o] | C oduct s .Qf 30 t.hi s Lnventl a
established ut ﬁrﬁ )porfenéls%.d e he resul%an%: prodt'xc% PIVAUIEAT L aI; the

catalyst system. Under a counterflow of ethylene, 1.3

ml (9.4mg Cr; 0.18 mmole Cr) of the catalyst system and

4.0 ml of nonane (reactor internal standard) were

15 charged directly to a 2 liter reactor at 80°C., which

contained 1.2 liters of cyclohexane. The reactor was

then pressurized with ethylene to 550 psig, and the

reaction was run for 30 minutes with ethylene being fed

on demand. '

20 " The results are summarized below in Table
XXIV.
Run 2003
0.33 g (0.68 mmol) of CrEH; (10.15 wt. % Cr)
was combined with 0.13 ml (1.87 mmole) of neat PyH in
25 10 ml of toluene and stirred 5 min. 1.9 ml of a 1 M
(1.9 mmol) DEAC solution in hexanes was added and the
CrEH,/PyH/DEAC solution was stirred for 30 minutes under
dry nitrogen, at ambient temperature and pressure,
which resulted in a light yellow/green solution. 5.1
30 ml of a 1.9 M (9.7 mmol) diethylaluminum chloride
(DEAC) solution in toluene was added, and the
CrEH,/PyH/DEAC/TEA solution was stirred for 0.5 hr,
which resulted in a dark yellow/brown solution. Excess
toluene and hexane was removed from the dark
35 yellow/brown CrEH,/PyH/DEAC/TEA solution via vacuum
stripping, with a dark yellow/brown oil remaining. The
yellow/brown oil was dissolved and brought to a total



varity of application such as, for exanple, as nononers for use in
the preparation of honopol yners, copol yners, and/or terpolyners.” The
pol yreric products of this invention have established utility in a
wi de 35 vari ety of applicaton such as for exanple, pol yet hyl ene.
The further understanding of the present

- 27+%- invention and its advantages 441l be provi ded. by
reference to the foll ow ng exanpl es.

Exanpl es volume of 25uﬁpugn @f:lunézaﬁeaﬂﬁaeuseala§Saaeatu§9ét

t hr oughout the dISC|OS onme_of these ncl ude
triethylalum nUFY SRR (f%flﬁ) erVﬁ1 er a ¢ T’ﬁ’f/?ﬁ?ﬁn?hum chl oride as

DEAC, (Al (C[ereﬁhfbenéﬁ?,om (9 c2mgnCnm Qll’!s mmelaéyChexafiothe as

Cr(E d H,
(&eﬁ}ﬁ{glr]m%aﬁgﬁ[%& (?ﬁl‘?)bg@e glegce gt‘é g‘%?é%é%‘?er 1
Cracac[err]3 Staﬁﬁékéb werecyh#rge@e@1¥€f€ly1tocmr%nlyheylreycpprrem|de
as CrPylerr], go-clNagkisn'dbheaiheheild ii%ééEEéf]Ei 16&&&&&&101Tne

[N f";urv]E? o) O2l b o A et e camb LT L buk 950CRREH um

[

(1 chl ori de amdsthé5rea¢timnhvdsofunaﬁons36)ﬁ1ﬂute$TWEthrethylene
C}CJ[err](THF)[ qu £ed o em%%fEthylpyrrole as, hydrogen 2,

5- dlnethylpyrr ?Ierr err]N, 2,5-DWP; butene as C[err]

1- hexene a0 1- CIerr]—' heR@eresu tasaEPesﬂ?Barb%G@hbehQWC}BrTFhledecene as
Clerr]=, dodeceggres Cerr]=; tetradecene as (Jerr] =

Run 2004
The procedure described in Run 2002 was

followed, except the CrEH,/PyH/TEA/DEAC solution was

15 diluted with cyclohexane prior to charging to the
reactor, and dihydrogen gas (H,) (50 psig) was added to
the reactor prior to pressurizing the reactor with
ethylene.

0.30 g (0.62 mmol) of CrEH; (10.15% Cr) was

20 combined with 0.12 ml (1.73 mmole) of neat PyH in 10 ml
of toluene. 1.7 ml of a 1 M (1.7 mmol) DEAC solution
in hexanes was added and the.CrEﬂg/PyK/DEAC solution was
stirred for 5 minutes under dry nitrogen, at ambient
temperature and pressure. 1.8 ml of a 1.9 M (3.42

25 mmol) TEA solution in toluene was added and the
CrEH,/PyH/DEAC/TEA solution was stirred for 30 minutes
under dry nitrogen, at ambient témperature and
pressure. The resultant dark brown solution was
filtered and excess toluene and hexanes were removed

30 via vacuum stripping, which resulted in 0.8 ml of a
dark yellow/brown oil and was used as a catalyst
system. Under a counterflow of ethylene, 0.4ml (15.2mg
Cr; 0.29 mmole Cr) of the catalyst system and 4.0 ml of
nonane (reactor internal standard) were charged

35 directly to the 2 liter reactor at 80°C., which
contained 1.2 liters of cyclohexane. 50 psig of .
dihydrogen (H,) gas was charged'to the reactor, followed



20 . . Exampl e |

Run 1001 0.14 g (0.29 mmol ) of chromum (Ill) 2-

et hy] hexanoate (CrEH err]), [Cr(Cerr]Herr]derr], was weighed into a
25 M pressure tube. The tube was capped with a self 25 seal ing crown

cap. 0.062 m (0.89 mmol) pyrrole (PyH), [Jerr]NH err] and
cyclohexane, used as a diluent, were adde% via syringe to forn1a
sol ution, which was about 8 m t ot aP/3l une. .9

of & 11 M 501 4} G5 003 ol dn Gl ety GhOWAI488

[Al(C[err]Her ne and a the %rEH err]
/ PyH sol uti on mm@mmas runmruh rinutes ikh cﬁtlmrsmenhe ng %ﬁdde)

toalliter on g&hdel ave reactor, containing 300 nL cyclohexane

forma catal yst system The reactor was seal ed and eth addltlon
stopped until the react orTR@FRFUILHF Are sumpariapd ?ié}%‘ﬁd' oﬁagéﬁperature

of 80[err]G Thexerhyl ene pressure was ingreased to a total reactor
pressure of

- 28 - 550 psig. -
Et hyl ene was then fed on dermand for a é%ngQQ%rune run tinme. At the end of
the run, a sanple of Imea | 50Qiml rSchlenyn Hlasktt- 98 xFuf3.4ammedlen and

anal yzed via Ca&f'é% q3s. qhwm@@:&qp%s Hofbined YIHN4W HEast i on
product m xture orated and t he ampunt of solid pro %
oLh| EEACppLuL of

det er ni ned. Thet°1“en$e%‘éﬂt§4ame et 2 b’e‘?’c’)vﬁ j T

Run 1002 310 in toluene. The resulting dark brown reaction mixture
was stirred for 1 hour under dry nitrogen, at ambient
. temperature and pressure. Excess toluene was removed
: via vacuum stripping, which resulted in 13 ml of a dark
' ~ yellow/brown oil and a small quantity of a light-

15 colored precipitate. The dark yellow/brown oil was
separated, collected by syringe from the precipitate,
and used as the catalyst system. 2.0 ml of the
catalyst system was diluted with 27 ml of cyclohexane
and aged for 3 days under dry nitrogen, at ambient

20 temperature and pressure before using.=

) Under a counterflow of ethylene, 8.0 ml
(9.3mg; 0.18 mmole Cr) of the catalyst
system/cyclohexane solution and 4.0 ml of nonane
(reactor internal standard) were charged directly to a

25 2 liter autoclave reactor at 80°C., which contained 1.2
liters of cyclohexane. The reactor was then
pressurized with ethylene to 550 psig and the reaction
was run for 30 minutes with ethylene being fed on
demand.

30 The results are summarized below in Table
XXIV. | |

Run_2006
The procedure descri?ed in Run 2005 was
followed except less reactants were used and less aging

35 time was used.

In a 500 ml Schlenk flask 0.25 g (0.432 mmol)
of CrPy; (11.1 wt. % Cr) was combined with 10 ml of



The procedure described in Run 1001 was 10 followed except 8 ml of a 1.1

‘M solution (8.8 mol) "of . . . TEA in heptane was added directly to the
CrEHerr]/PyH solutien-to forma solution (10 m total volune) and

not' 4o the reactor. A 0.7t aliquot of the = CrEH err]/PyH TEA sol ution
was added to the autoclave 15 reactor. No additional TEA was introduced
into & he reactor. The results are sy rLzed below in Table

XX, Run 10 The procedure
described in { hedRuank0Rdias 281 ookl Quadye %enfs Q&

chromum (I11) - acetylacetenate (Cracac w%;r# rr H%lrr! [err]
was substitut edin tolusnes, WP@r 1§gmd X®. 6
rm})l ) in (8 n hwrﬂﬂml Qi 30 Hiaufteennhdem- dﬁryan@mqe[xer At PyH TEA

sol ution ol ume) -

Cracaclerr]/Py \{:I \ﬁ? gdaggg aut otfngEa\‘/%i t°lue§’aectwoq’s The
resul ts ar e Ssumnenomed MaowammmlpplngXXVhP\Ch resulted in a dark

Run 1004 Theiar

f ol | owed exceptq§3§qﬂ°ll'* %lﬂwﬁggﬁﬁffdﬂﬁ?Pbkgﬁﬁ bﬁlR%&51qga |eth%?3Iun1num
chl ori de (DEAC) tqtalov P r5r]m,1 wdth cyci ewa§ nt% imea
CrEH err]/ PyH sdiditi®h tdbri‘tarmm 11C0mgHice/inlt/, PytliBhAwasoigddras A 0. 65

m aliquot of t Herr/PyH/DEACsoutlonandOQrﬂ of al. 1M
(B, caraivar &

solution 35 heptane wer e added to the
aut ocl ave rlmmor The resmda: & ecsunpexnfilosd ofclethyilene, 8.0Taidl (8088 | .

mg; 0.171: mmole Cr) of the catalyst system/cyclohexane
solution an§.4 0 ml of nonane (reactor internal
standard)ﬁﬁéie charged directly_tq'a 2 liter autoclave
reactor atiéqﬁc.; which contained 1.2 liters of
15 cyclohexane“;fThe reactor was then pressurized with
ethylene to":sb psig and the reaction was run for 30
minutes wiphiethylene being fed on demand.

?_‘?ﬁé"'tesults are summarized below in Table

XXIV. .y
20 _ Run 2007
The '_.p_r_dcedure described in Run 2005 was
followed except excess toluene was present in the
trimerization reactor.
‘In a 500 ml Schlenk flask 1.98 g (3.4 mmol)

25 of CrPy, (11.1wt. % Cr) was cogbined with 40 ml of
temperatur "":fpressure. Excess toluene was removed
30
e __from the precipitate,
2.0 ml of the
35

temperatu_i'r'_e and pressure before using.



- 29 - . Run 1005 The procedure
described in Run 1001 was foll owed except 0.9 m of a 1 Msolution
(0.9 mmol ) of DEAC i n hexanes was added to the CrEH err]/PyH sol ution
and.” 5 the resultant CrEHq-err]/PyH DEAC sol ution was aged for 1 day

at anbient tenperature and pressure, under dry nitrogen. A 0.65 n
aliquot of the aged CrEH err]/ PyH DEAC _ 57 solution + 0.9 m of a 1.1 M
solution (0.99 mmol) of . . TEA in heptane were added to the autocl ave

reactor. 10  The result :ﬁi@r%’%ﬂ%l@%i&h%ﬁe%ls-m 8.5
Run 1006 The” procedure described in n 10 (

1 S
fol | owed except®®i sdi 183 FRWR GFle R ddha Satelyss wstem? cg%fpgpg_ane
Additionally, lsSlutien, & &5 iV ePltsliwend,0.ahd 5.0 bl §£ chohBRE i n hexanes
was added al ong,wi th the, TE r or Lgyot of the
CrEH err]/PyH (rea%%?{lt}rb%%%l L%ée%of“i e%&%l%%?%gsggﬁgé#ggdkge ow in
Table XXI 115 2 liter autoclave reactor atRigpQ0s vivich containedrde2

procedure descr bedy Ry dfieiite, | nd ldASE esPEndn O 2 1.9 M

solution (5.7 nmo ] g I'n toluene was used and_t o]l uene was
substituted forpressurhzed wighcsidnelene (ehi53% R34S r3Rdathenrepction
CrE[err]/PyH TEfa§Okghi fér 30 hbEnutés axiiEls setttiylane cseingsfeéd onpresent in
the reactor. A 0.9 al'i quot of the CrEH err]/PyH TEA sol uti on was
used. The resufi€@ande ~sumuarized below in Table XXII1I.

Run 1008 10 Thize preselivs cave sswiadi zed Foel0902nwisble
fol | owed except %& 0 g of a chromium (I11) pyrrolide (CrPy[err]),

[Cr(Cerr]Herr errJd Na(Cferr]Herr]derr] (0.17 mol) was
substituted for CrEH err] and a solutidgﬂiéﬂﬂﬁiepared usi ng 0.04 m
(0.52 ml) PyH and 3.5 nh, 9% @ {olsdh kol 8B Cracasynias icollspheaes. The
final solution ngﬁn8.¥gsmf2?g.45 mmol) of neat pyrrole in 10 ml of
15 toluene andgétirred under dry nitrogen, at ambient
temperaturéfgnd pressure for 5 minutes. Then, 6.3 ml
of a 1.9 u{fizro mmol) TEA solution in toluene was
added. Thgitgsulting dark brown reaction mixture was
stirred forfid minutes under dry nitrogen, at ambient
20 temperature and pressure. Excess ‘toluene was removed
via vacuunféﬁtipping, which resulted in a dark
yellow/brqwﬁ?oil. All of the dark yellow/brown oil was
diluted tb;é}ﬁoluma of 25 ml with cYclohexane,
resulting iﬁfa solution containing 0.0112g Cracacy/ml,
25 which was q§§§,as the catalyst systemn.

}Uhﬁe: a counterflow of ethylene, 7.0 ml (15.2
ng; 0.293'n55i¢'0r) of the catalyst system/cyclohexane
solution éﬁd}@;d ml of nonane (reactor internal
standard)-ﬁgfe:chargéd directly to a 2 liter autoclave

30 reactor-aijO‘c., which contained 1.2 liters of
cyclohexaﬁéf?-The reactor was then pressurized with

ethylene to 550 psig and the reaction was run for 30
minutes witththylene being fed on demand.
.The results are summarized below in Table
35  XXIV. |
o Run 2009
~T§§~procedure described in Run 2008 was



35 Sm. A1l0m aliquot of the CrPy[err]/PyH TEA sol ution was
used. . The results are sunnarlzed bel ow i n Tabl e XX

- 30 - . Run 1009 The procedure
desSctibed in Run 1008 was . foll owed except 1.8 ml of a 1.9 M TEA
solution (3.42 mmol ) in toluene was used, and tol uene was substituted
5 for cyclohexane in the formation of_tgg CrPy[err]/PyH TEA

sol ution. Thus, an excess of toluene was present in the reactor. A

L4 aliquot ghichedCeReapt] cRYballe (117)SRaphtflngte Vagdenlhe results

are sumari zed below i n Run
1010 chronlpme SEMFEdur e described in Run 1008 was f ol | owed

except no-neat PyH was a@d@d éurbngohhﬂmolf o’ CRREp n%@foawﬁlFﬁeb&b/TEA
err Lon, I.n

gslsrglhggane wét'?%ﬁ?a’b a wifh Beéél ﬁé‘cépe P zé‘&a%ep Froterdst e

XX 5 10 ml of toluene and sEunréﬂlﬁnder dry nitrogeﬁhatprocedurg
(R P oo Webommarud MICHBARGES R0 Em R a0 110
the CrPy[err]/ PR 3 @f @n1.PnM dBuddcmmadld FEAJdsolutieon in todmeneess of
toluene was prg@ladded.ne ThedtetltiNg dark beoun! TedctivW HMtME bel ow
'n Table XXlllwas stirred for 30 minutes under dry nitrogen, at
10 ambient temperature and pressure. Excess toluene was
removed via vacuum stripping, which resulted in a dark
yellow/brown oil. All of the dark yellow/brown oil was
diluted to a total volume of 25 ml with cyclohexane,
resulting in a solution containing 1.056 mg Cr/ml,
15 which was used as the catalyst system.

Under a counterflow of ethylene, 7.0 ml1 (7.39
mg; 0.142 mmole Cr) of the catalyst system/cyclohexane
solution and 4.0 ml of nonane (reactor internal
standard) were charged directly to a 2 liter autocléﬁe .

20 reactor at 80°C., which contained 1.2 liters of
cyclohexane. The reactor was then pressurized with
ethylene to 550 psig and the reaction was run for 30
minutes with ethylene being fed on demand.

The results are summarized below in Table

25 XXIV.

Run 2010

The procedure described in Run 2008 was
followed except the chromium (III) chloride was the
chromium source.

30 0.41 g (1.09 mmol) ofgCrClngFg was combined
with 0.23 ml1 (3.32 mmol) of neaﬁ pyrrole in 10 ml of
toluene and stirred under dry nitrogen, at ambient
temperature and pressure for 5 ﬁinutes. Then 8.6 ml of
a 1.9 M (16.3 mmol) TEA solution in toluene was added.

35 The resulting dark brown reaction mixture was stirred
for 30 minutes under dry nitrogen, at ambient
temperature and pressure. Excess toluene was removed
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via vacuum stripping, which resulted in a dark
yellow/brown oil. 7.5 ml of nonane was added to the
dark yellow/brown oil and the resultant solution was
diluted to a total volume of 25 ml with cyclochexane,
5 resulting in a solution containing 0.0164 g
' CrCLTHFy/ml. The solution was filtered and the
filtrate was used as the catalet systemn.
Under a counterflow of eth&lene, 5.0 ml
(11.38 mg; 0.219 mmole Cr) of the catalyst
10 system/cyclochexane/nonane solution and 2.5 ml of nonane
(reactor internal standard) were charged directly to a
2 liter autoclave reactor at 80°C., which contained 1.2
liters of cyclohexane. The reactor was then
pressurized with ethylene to 550 psig and the reaction
15 was run for 30 minutes with ethylene being fed on

demand.
The results are summarized below in Table
XXI1vV.
Run 2011
20 ' The procedure described in Run 2005 was

followed except excess hexene was charged to the
trimerization reactor.
In a 500 ml Schlenk flask, 1.98 g (3.4 mmol)
of CrPyy (11.1 wt. % Cr) was combined with 40 ml of
25 toluene and 54 ml of a 1.9 M (102.6 mmol) TEA solution
in toluene. The resulting dark brown reaction mixture
wﬁs stirred for 1 hour under dry nitrogen, at ambient
temperature and pressure. Excess toluene was removed
via vacuum stripping, which resulted in 13 ml of a dark
30 yellow/brown oil and a small quantity of a light-
colored precipitate. The dark yellow/brown oil was
separated, collected by syringe from the precipitate,
and used as the catalyst systéem. 2.0 ml of the
catalyst system was diluted with 27 ml of cyclohexane
35 and aged for 3 days under dry nitrogen, at ambient
temperature and pressure before using.
Under a counterflow of ethylene, 1.0 ml (16.9



[err]

L

10

15

20

25

30

35

- 40 -

mg:; 0.325 mmole Cr) of the catalyst system/cyclohexane
solution, 55 ml of l-hexene, and 4.0 ml of nonane
(reactor internal standard) were charged directly to a
2 liter autoclave reactor at 80°C., which contained 1.2
liters of cyclohexane. The reactQr was then
pressurized with ethylene to 550 bsig and the reaction
was run for 30 minutes with ethylene being fed on
demand. '

.The results are summarized below in Table
XXIV.

Run 2012
. The procedure described in Run 2005 was
followed: except chromium (II) pyrrolide (Compound I)
was the chromium source.

0.30 g (about 0.85 mmol) of Compound I
(CrPy,,THF,) was combined with 10 ml of toluene and 6.7
ml of a 1.9 M (12.7 mmol) TEA solution in toluene. The
resulting dark brown reaction mixture was stirred for
30 minutes under dry nitrogen, at ambient temperature

. and pressure. Excess toluene was removed via vacuum

stripping, which resulted in a dark yellow/brown oil
and a small quantity of a light-colored precipitate.
The dark yellow/brown oil was filtered and the filtrate

.was diluted to a total volume of 25 ml with

cyclohexane, resulting in a solution containing 0.012 g
Compound I (CrPy,,THF,), which was used as the catalyst
systen.

Under a counterflow of ethylene, 7.0 ml of
the catalyst system/cyclohexane solution and 4.0 ml of
nonane (reactor internal standard) were charged
directly to a 2 liter autoclave reactor at 80°C., which
contained 1.2 liters of cyclohexa@e. The reactor was
then pressurized with ethylene to 550 psig and the
reaction was run for 30 minutes with ethylene being fed
on demand.

The results are summarized below in Table
XX1Vv.



- 32 - . It should be noted that the results in Table

XXI'l'l, fromExanple X, and the results in Table XXV, from Exanple X,
are-riot directly conparable, due to 5 reactions conducted in different
reactors, under different conditions, by the use of different ethylene
and cycl ohexane feedstocks, as well as different di | uents. However,
direct conparisons within each Exanpie-can be nade. 10
Run 200l 0.30 g (0.62 mmol) of chromum (IIl) 2-
et hyl hexanoate (CrEH err]) (10.15 w% C) was conbined with 0.12 m
(1.73 mole) of neat :pyrrole (PyH in 10 m of toluene. 2.8 m of 1.9
M tri et hyl al um num ( TEA) “15,,. s@l utd onNg (5432 k) HN =0l LeNe~nas added,
and the CrEH err]/ Ayl TEA ¥ol 0ti o w¥s stirYedVfor¥ 30¥m futes unfler
dry nitrogen, at anbient} tenperature and pressure. The dark brown
CrEH err]/PyH TEA sol&id‘é was Hltrered amd vexeiess\-lltod-!uege wa%irermved
by vacuum stri ppi ng, @1“&»*20 résuMedvin¥Y1. & MY of' a‘dark bown of 1] used
as catal yst syst@n} Under a counterflow of* ethylene, 0.5 i
(0.15g CrEH err];15.2 "’ér_-_)ﬁofnthqnca‘t,al st sysgemgpand, o 40 mof
nonane (reactor.inter Ytandard) were added toa 2 liter autdclave
reactor at 80[err]C., h 25 contained 1.2 liters of cycl ohexane. | The
react or was t hen Ugi zed Wt heget iyl ge 4o 550 psig, and the
reaction was run for P mnutes, wi th ethyl ene being fed "dn demanfd.
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The results are summari zed below in Table 30 XX V.

Run 2002 . The procedure described in Run 2001 was

fol l oned except diethylalum numchloride was added in addition to the
CrEH err]/ PyH TEA sol ution. 35 0.53 g (1.10 nmml) of CGrEHerr]
(10.15 wt. % Cr) was conbined with 0.52 ml (7.5 nmole) of neat PyH in
15 . m of toluene and stirred for 5.ny5._9.0 mM of a 1.9 M

- 338 - TEA solution (17.1 nmol) in toluene was added, and the
CrEH[err]/ PyH TEA sol ution was stirregualenizy under dry nitrogen at
anbi ent tenperature and pressure. Excegﬁeu%ggioluene was renmoved fromthe
resul tant dark brown 5 solution via tripping, which resulted in

3.5knL QT a dark browglgiko.eoi ninol}OoEngracaz] wasl| cofibined t he
ar r own oi oI | f : 157 Ty

di et hyl al um nuﬁﬁ% @f{igeﬁ?'ﬂc;’gséf‘%}yoﬁ%i F\éa% %Z’r#c})ﬂr?%r?e,angg&%t he ?

CrEH err]/ ByH TeAueRec sfhet resulsdng: eolugion wag stirgied wnder @ny

nitrogen, at aghiceRiydntMRAY Am¥ient temPataRiResénd pHessirefcints product
was used as the catal yst system Under a coupterfloq of ethylene, 1.3
m (9.4ny Cr; @ipwta e TheR, o6 - OnB1c 9Py - 95 P 1 (dh - #n mOL) TAF%O n of
nonane (react OlggiRitdlioiflins toltend) was adided. CMhegawkstiltdorg yark a 2 |iter

reactor at SO0 it relleiln mja O Rl Ustobed e il pipne: e

10 dry nitrogen, at ambient temperature and pressure. :
Then, 2.0 g of an aluminophosphate support (0.4 P/Al
molar. ratio, activated at 700°C.), prepared in
accordance with U.S. 4,364,855 (1982), herein
incorporated by reference, was added and the resulting

15 slurry stirred for a period of approximately 12 hours.

' The product was collected by filtration, rinsed at
least twice with 10 ml aliquots of toluene and pentane,
until no color was observed in the filtrate and vacuum
dried. The dried product was used as solid supported'

20 catalyst system. -

A 2.1022 g aliquot of the solid catalyst
system was added under a counterflow of ethylene to a 2
liter aﬁtoclave containing 1 liter of isobutane. Prior
to the catalyst charge, 0.25 ml of a 16.5 wt% TEA

25 solution.in:nonane was added to the reactor, in order
to neutralize any ethylene feedstock poisons that might
be present. The reactor was sealed and ethylene
addition was stopped until the reactor temperature
reached the desired run temperature, for example 90°C.

30 The ethylene pressure was then increased to a total
reactor pressure of 550 psig. Ethylene was fed on
demand for a 30 minute run time. At the end of the
run, a sample of the liquid reaction product mixture
was colleéted and analyzed via gas chromatography.

35 The remaining reaction mixture was evaporated and the
amount of solid product was determined.
The results are summarized in Table XXV.



reaction was run for 30 ninutes with ethylene bei ng fed - on demand. 20

The results are summari zed bel ow in Tabl e XXI V.

Run 2003 ' 0.33 g (0.68 nmol) of CrEH[err] (10.15 wt. % Cr)
was *conbi ned with 0 13 m (1.87 mvle) of neat PyHin 25 10 m of toluene
and stirred 5 nin. 1.9 nl of al M (1.9 mmol ) DEAC solution in
hexares was added ‘and the :=* CrEH err]/PyH DEAC solution was stirred for
30 mi nut es under dry ni'trogen, at amb#®nt tenperature and pressure,

which resulted in a light yellow green golution. 5.1 30 m of a 1.9 M
(9.7 mmol ) di et hyl al um num:chl ori de §9¥£%9§§ solution in toluene was

added, and the Cr EH[ fhe] propelirACdésdribédt innRuns300ilr wadk for 0.5

hr, whi ch egs4bl.ad bﬁc@gga{iieiéﬁh‘gg% ﬁﬁ@séﬁiHEHiQ mrgéc%%%ed to

tol uene and hexane was r enovz rom
Cr EH[ er r] / PyH DEhe/ FEACaE Ry rseluticnr akeng with riﬂ'}!ﬁ) TRA prieratoathe

yel | ow browg 0'hlﬁﬁEﬁbﬁhBQﬁhfIﬁe1norgaﬁ§h|Sﬁﬁééqﬂﬁdﬂthoﬁas di ssol ved and
brought to a total '

volume of 25 m in cyclohgxgﬁegaﬁaaﬁ§8ﬂ - %P(ﬂﬂ?%&mﬁas we%?@?éni?§°32ng
Cr/n). Under aocalnserbwedapped viathyl eng2 ﬁlChf PoH21(0 .03, MidHDB nnDIe

O 4 oo SR YL S BB G’ e phefeT RS, A" Rl "2 ©

standard) were C
whi ch cont ai ned selgtlmnewgEo-pappsﬂonefaaﬁt;irrn@ for 5 minutes. Then,

10 with contlnued stirring, 6 ml of a 1.9 M (11.4 mmol)

TEA solutlon“ n toluene was added. After the
CracacylpyH/TEk solution was stirred for 5 minutes, 2.4
ml of a 1 M (2.4 mmol) DEAC solution in hexanes was
added and: _: e--_f'Cracac_,/PyH/TEA/DEAC/toluene solution was

' r:5'minutes. 2.0 g of an aluminophosphate

support (054  /Al molar ratio, activated at 700°C.),
prepared in accordance with U.S. 4,364,855 (1982),
herein 1ncorporated by reference, was added and the .
resulting slurry stirred for a period of approximately-

20 12 hours. {”he_product was collected by filtration and
rinsed with _' least two 10 ml aliquots of toluene and
pentane, un_illno color was observed in the filtrate,
and vacuum" ried. The dried product was used as a
solid, supported catalyst system. -

A-0.5048 g aliquot of the solid catalyst
system was: dded under a counterflow of ethylene to a 2
liter autoclé#e containing 1 liter of isobutane. Prior
to the catalyst charge, 3.0 ml of a 1.6 wt% TEA
solution- in‘nonane was added in ‘order to neutralize any

30 ethylene fggdstock poisons thatJnlght be present. The
.reactor wa§i$ealed and ethylene7addition stopped until
the reactdrétemperature reached the desired run _
temperature,: for example 90° c."The ethylene pressure .
was 1ncreased to a total reactor pressure of 550 p51g.-\

35 Ethylene wasﬁthen fed on demand for a 30 minutes run -. v
time. At_thbﬁehd of the run, a small sample of the |
liquiad reaction product mixture was collected and

15




- reactor was then pressurized with ethylene to.550 psig and the

reaction was run for 30 minutes wth ethyl ene bei ng fed on denand. 10
The r.esults are summari zed bel ow i n Tabl e XXI V.

Ruh *2004 The procedure described in Run 2002 was

fol | oned, except the CrEH err]/PyH TEA DEAC sol ution was 15 diluted with
cycl ehexane prior to charging to the reactor, and di hydrogen gas
(Herr]) (50 psig) was added to the reactor.prior to pressurizing the

reactor with 1% t 0 gnﬂQ PngYRiﬁ of CrEH err]
(10.15% Cr) was. 201%{: ey J8% S rﬁgrafﬁ"?é gl <) of neat SPyH in 10 m

of toluene. 1. ‘F?ﬁc"'o‘fm'!a migyre ?’q‘ﬁr(ﬁ‘ﬁam%liﬂ‘% e amouRthakafedidas
added and the @ﬂdtﬁﬁ ]dwmasolmﬂmWSconsumﬁtionedaéor 5 minutes

under dry nitrogen I_ent ure d pressure. 1.8 m of a
1.9 M (3. 42 25“9%%1"’5 SIS E Sk &€&htied and 1 he
CrEH err]/ ByH DEAC/ TEA sd@he iresudds axe rsmamze@ behowein Tablender dry

nitrogen, at anrBhgnt tenperature and pressiire. The resultant dark
brown sol uti on was filtered and excess toluene and hexanes were
removed 30 via vacuum stripping, whi 883893 ed 'n 0.8 nl of a dar k

yel I ow ]?lrown ]9i| anfl was e n{ﬂﬁ:eihfﬁ@ié&iribed By'skem 3?wdﬁasaf .
count o110 of ELTVAEDE exlieqtcae, yallsne. onEoipilid adlBide o e v o
charged 330 dia\_rmlai;ci.ct cdlheert lwasensehduring SdEalyst. syshemh
ooty el TG, Ay SRS caraty L ULOGR A 1]
prepared in-situ in the reactor.
A CrEH,/PyH solution was prepared by mixing
- 0.33 g (0.69 mmole) CrEH; with 0.26 ml (3.75 mmole) PyH
15 in 16 ml of pentane and aging for 4 days under dry
nitrogen, at ambient temperature and pressure, prior to
usage. 0.49 g of an aluminophosphate support (0.9 P/Al
molar ratio, activated at 700°C.), prepared in
accordance with U.S. 4,364,855 (1982), herein
- 20 incorporated by reference, and 2.0 ml of a 1 ¥ (2.0
mmol) TEA solution in hexanes were charged under a
counterflow of ethylene to a 2 liter autoclave reactor
at ambient temperature. Then, 1 liter of cyclohexane,
2.1 ml (4.32mg; 0.083 mmole Cr) of the CrEH,/PyH
25 solution, and 50 psig dihydrogen gas (H,) were charged

to the reactor.
_ The results are summarized below in Table
XXv.



- 35 - by pressurization with ethylene to 550 psig. The
was run for 30 minutes with ethylene being fed . on demand.
The resul'ts are summari zed below in Table 5 XXI V.
Run. 2005 In a 500 M Schlenk flask 1.98 g (3.4 nmmol) of
CrPy3 (11.1 wt. % Cr) was conbined with 40 nm of toluene and 54 m of
al.9 M(102.6 mmol) TEA solution 2045 +n toluene. The resulting dark
brown reaction m xture was stirred for 1 hour under dry nitrogen, at
anbi ent tenperature and pressure. Excess toluene was renoved Vi a
vacuum stripping, which resulted in 13 ml of a dark yel | ow br own oi l
and a small quantity dfla ight- 15 | cglored precipitate. The dark

yel | ow brown oil was 3 separaf’ed, codl ected by syringe fromthe
precipitate, argd Jused as .t he cat algst system 2.0 nml of the

catal yst system wasSdi|%ited Wit h®27 i @f cycl ohexane and aged for 3

days under dry nitr@geM at anbi ent 40 gterrperature and pressure before
usi ng. 8 |under a counterffl Qw of ethylene, 8.0 m (9. 3nmy;
0.18 mmole Cr) of t%@ld‘ét&jys@ @ sys&erﬂ cycl ohexane solution and 4.0 ml
of nonane (rea@ @i nt er nal “standafd) were charged directly to a 25

2 liter autoclave r r at 80[err] -, 8nhich contained 1.2

reaction

liters of
cycl ohexane. The r B Mas™t hen ressurized with ethylene to 550
psig and the reacti@“ was run fof m nutes with ethyl ene being fed
on demand. 30 gy The r¢g uI&s are sumari zed below in Tabl e
XXI V. 2 =R e Ry 06 The procedure

described in Run 2085%was
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fol l'oned except | ess reactants were used and | ess aging 35 time was used.

In a 500 mM Schlenk flask 0.25 g (0.432 mol) . of CrPy[err] (11.1 w. % °
Cr) was conbined with 10 m of . - 36

- ° toluene and 3. 4 nl .of a 1.9 M (6. 46 nnnl) TEA sol ution in

tol uene. The resulting dark brown reaction mxture was stirred for 30
m nutes under dry nitrogen, at anbi entyg enperature and pressure. Excess

t ol uene was 5 renmoved via vacuum stripping, which resulted in a dark

brown oil. Al of the dark brown oil vEaéanpleitmd to a total vol une of

25 mM with cycl ohexane, resulting in a . Jution containing 1.11 ng

Cr/m, which was used as t he catal§¥¥1§§gh9n1 10 : Under a

counterflow of ethylene, 3.9 gl (13.18#01) crq:pa . was wedlghed )indfo tahel00

cat al yst systerr{ﬁygk.g%gg@get o% + re&fy;/ fa ;bgg?gé PRNERE £haBact or

i nt er pal st and wWere char ge iter autoclave
reactor at 580[ 8pd] the ﬁh?%h“%%n@%@?ﬁﬁlﬁ}ghI#t%ﬂ%ﬁcﬁeﬁkﬂn%y€¥€ﬂ%xﬁﬁﬁ The

reactor was thegopmesedluéng ahdM2.1 ml efdvmisl) opyrd Owebe Jaddéa tifa
a1 T e al AP bl o0 S B £ 00 G
Run 2007 solutionThn hemeblrmsiesbmwhechddedmn R(Opbecipitate
fol I owed wakCeSEmba! UEEE1 ¥BEek! C55T lwddhdd'Srith one 10 ml
10 aliquot of toluene and two 10 ml aliquots of
cyclohexane, until no color was observed in the wash
solution. A total of 5.59 g solid was obtained. 0.5
ml of a 1.1 M (0.55 mmol) TEA solution in heptane and a.
slurry of 38 mg of the solid and cyclohexane were used
15 in a reaction under the conditions described in

Run 1001. _
The results are summarized below in Table
XXVI.
Example 4002
20 ' The procedure described in Run 4001 was

followed except the solid catalyst component (88 mg

' collected) was prepared in a 25 ml pressure tube using .

0.349 g (1 mmol) Cracacs;, 5 ml toluene, 0.14 ml (2 mmol)

PyH, and 0.8 ml of a 2.5 M (2.0 mmol) n~butyl lithium
25 solution in hexane.

0.5 ml of a 1.1 M (0.55 mmol) TEA solution in-
heptanes and'é cyclohexane slurry containing 16 mg of
the solid were used in a reaction under the conditions
described in Run 1001.

30 The results are summarized below in Table
XXVI. 5
Run 4003

1.0 g of aluminophosphate support (0.4 P/Al

molar ratio, activated 700'c.),2brepared in accordance
35 with U.S. 4,364,855 (1982), herein incorporated by

reference, and an 93 mg aliquot of the solid described

in Run 4001, were weighed into a 25 ml pressure tube.



trimerization reactor. In a 500 M Schlenk flask 1.98 g (3.4
mol ) 25 of CrPy[err] (11.1 w.. % Cr) was conbined with 40 m of i

toluene and 54 m of a 1.9 M (102.6 nmml) TEA sol ution i n tol uene.
The-=resulting dark brown reaction m xture was stirred for 1 hour
under dry nitrogen, at anbient tenperature and pressure. Excess
toluene was removed 30 via vacuum stripping, which resulted in 13 m of a
dark yel | ow/brovvn oil and a small quantity of a light- col ored
precipitate. I rated, I

Syringe fromthe o e y@%%ﬂﬁﬁm 4 ImVaS1uene SHRERUED o£04 | £CS 64 DY

and as the catal yst_system 2.0 m
of the 35 cat€dyEtmmglb) m&mmtmmoumﬁqiquweeﬁe@é ekankhe and

aged for 3 day r e t q
pressure befor Zt%i'ss']g(na&gig é’yf'iﬁé&g "PhélrdilltiHlg slurky s aé@'iﬁte@n

Under a count erfPB\PR® ¥yl The $pkid was isolated .and 1‘%%sm|'é1'ﬁ9)18f t he
cat al yst systerﬁrysinmaweof tobuwdns i amd dyﬂoﬂexdnealm@nb nancoXo® ni of

nonane (reactor ged directly to a 5 2
liter autoclave 3#%%%%@8{)%& r?%; con ained 1.2 |iters of
cycl ohexane. The reactor 0S8 mheot a 1. brlﬁs(sQlffriéﬂn‘QM HTBA §etwkien im0
psig and the reﬁ&%taﬁes andwﬁscg¢ibﬁé&aﬁ£’énﬂmﬁh?Scdntiuﬁ& | oemgebpg fed

;QIV. demand the solid were use result éadtfon under ‘fhe géﬁ&ﬂL?oggble
10 described in Run 1001.

The results are summarized below in Table
XXVI.

. Run 4004

0.7 g of aluminophosphate support (0.4 P/Al

15 molar ratio, activated at 700°C.), prepared in

" accordance with U.S. 4,364,855 (1982), herein
incorporated by reference, and an aliquot (53 mg) of
the solid described in Run 4002 were weighed into a 25
ml pressure tube. The tube was capped. '3.5 ml toluéne

20 and'2 ml of a 1.9 M (3.8 mmol) TEA solution in toluene
were added to the tube via syringe. The resulting
slurry was agitated for one day. The solid was
isolated and washed with 10 ml aliquots of toluene and
cyclohexane until no color was observed in the wash

25 solution.

0.5 ml of a 1.1 M (0.55 mmol) TEA solution in
heptane and a cyclohexane slurry containing 78 mg of
the solid were used in a reaction under the conditions
as described in Run 1001.

30 The results are summarized below in Table
XXVI.



- Run 2008 0.28 g (0.802 nmol) of Cracac[err] was conbi ned
with 0.17 M (2. 45 nmol ) of neat pyrrole in 10 mM of 15 t ol uene and

stirred.under dry nitrogen, at anbient tenperature and pressure for 5
m.ndtes. Then, 6.3 mn of a 1.9 M(12.0 mol ) TEA solution in tol uene
was added. ‘The resul ting dark brown reaction mixture was stirred
for .30 m nutes under dry nitrogen, at anbient 20 t enperature and
pressure. Excess toluene was renoved- 48 - via vacuum stri pping, which:
resulted in a dark yellow brown oil. Al of the dark yell ow brown oi
was diluted to a volunme of 25 ml w th cycl ohexane, resulting in-
a solution containing 0.0112g Cracac[err]/m, 25 whi ch- was used as the
catal yst system Under a cdqunterf |ow of ethylene, 7.0 m
(15.2 mg; 0.293 mmole Cr) of the catgl yst systenl cycl ohexane

solution and 4.0 m of nopgne (reactor intlernal standard) were charged
directly to a 2 liter agt{%la@e 8P “reHctior at .80[err]C., which contained
1.2 liters of cycldhpXane The reactjor wa% then pressurized with
ethylene to 550 psig a igg Leag}iqg was Irun for 30 mnutes with

et hyl ene being fed on N, v v The results are summari zed
below in Table 35 XXI Run 2009

The procedure descri bedd nRug, 2Qp8 mas
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f ol l.owed except chromium (I111) naphthenate was the chrom um sour ce.
0.33 g (0.508 nmmol) of CrNapth3 (8.0 wt. % Cr)- was ‘conbined with 0.12
(1. 73 mbl ) of neat pyrrole in 5 10 mM of toluene and stirred under dry
ni t rogen: at anbi ent tenperature and pressure for 5 mnutes. Then,

4.6 M of a 1.9 M(8.74 mmol) TEA solution in toluene was added. The
resutting dark brown reaction m xture was stirred for 30 m nutes under
dry nitrogen, at 10 anbient tenperature 49na pressure. Excess tol uene was

removed via vacuum stri pping, which r%ﬁfﬁ_@ a dark yel | ow br own
oil. Al of the dark yellow brown oil diluted to a total volume of

25 m with cycl ohexane, resul ti ngRan 5004J uti on containing 1.056 ny

C/m, 15 which was us st 6.6-tet Under a
counterflow of ethyl ene, Qg %ﬁrﬁ b 1 2er§|I ol eram%th%l

catal yst syst en?o?fclll eplangfiionate (X EIIR 4.8 r?l8 FmAIn HAS (r eact or
internal s @igited) iy @ dmrnne(i:ﬁsmﬁté y:dm\. a AHd tibewiae| ave 20

react or at 80[err i.ch co i n 2 liter$ cl ghexane. The
reactor was thef® %?%% % n]tﬁ (L.rg IRHTe c[ag 550+ posné' t he
reacti on was r upyfool80(0.89 mmailjt wdma.rl?euﬂylo@eldam @ .fasd mwoldemand.

Th | t
Run 2010 o aftEBBEtYEBELIL dh %escfﬁ) BRUAY, vers added via
fol | owed exceptSYRENgG® e £orm 13 |GF GHITo, T 1+93'I-/Py sqg“teyﬁ% sour ce.

30 o 0. 23 1n<1> (3@%&119%& d1veed Jeofa Q&a[lervfldlw Q:][fr labit A neptra
W t RYY Tt & 1N t ene an
stirred under Hig?i;m%%%?ﬁ gqea%érﬁ/ al.y &rgeor'%tautngn%)d%ssure for 5
m nut es. Then 8561111:101& in heptdne® dﬂd 16.75 minlof Th& sol ution in tol uene
was added. 35 gﬁ& %g_@é ﬁqﬁ.}l a?ﬁdH ' d
for 30 m nut es ung ry r( rogen, /% JH}J” éirazﬁ,%rsaéséai#g
pressure. Exceb@ttbeu@mtmnﬁmwl °f cyclohexane and 10 g of

15 butadiene. The glass bottle was placed in a controlled

temperature bath at 70°C., at ambient pressure, and
agitated for a period of 16 hours. After 16 hours, a
small sample of the liquid reaction product mixture was
collected and analyzed via gas chromatography. The

20 remaining liquid reaction product mixture was
evaporated and the amount of solid product was
‘determined.

The results are summarized below in Table

XXVII.

25 | - Run_5002

The procedure described in Run 5001 was

followed except no excess alkyl alumlnum compound was
present in the reactor and the catalyst was derived
using the procedure described in Run 3001, as follows.

30 0.21 g (0.601 mmol) of Cracac; was combined
with 0.12 ml (1.73 mmol) of neat pyrrole and 15 ml of
toluene. The resulting solution%was stirred under dry
nitrogen, at ambient temperature: and pressure for 5
minutes. Then, 6.0 ml of a 1.9 M (11.4 mmol) TEA

35 solution in toluene was added. . The resulting dark
brown reaction mixture was stirred for S minutes under
dry nitrogen, at ambient temperature and pressure.




. - 39-- via vacuum stri pping, which resulted in a dark yel | ow br own
oil. 7.5 M of nonane was added to the dark yell ow brown oi'l and the
resulstant solution was ~ diluted to a total volune of 25 nl wth
cyclohexane, 5 resul,ting-in a solution containing 0.0164 ¢
CrC[err]THF[err]/mM . The solution was filtered and the filtrate was
used+as the catal yst system - 5o Wnder a counterfl ow of

ethylene, 5.0 ni (11.38 ng; 0.219 mmole C) of the catal yst 10

syftemf lcycltohgmaﬁpomm s&ft%néuuﬁmhapr&@h@éeneﬁﬁpert (0. frp,lamor

i nternal standar were, c iJe .autocl ave
reactor at 80 [’%ﬁ?’é ra%?th e%jh‘faoﬁ'?é ‘{ -}Z&Oﬁc )IPF%PE t?cl ohexane. The
reactor was thetccordamqastsi#h MWQNQ&J‘@S%nélQ&ZBEOhQSFQnand t he
reaction 15 “ﬁ&céiﬁbé#%m§q§g‘ &erittd N widVAEAE b?hagtﬁédrggulting x|

demand. ts are sunmari ze elowin
Run 2011 206  slurry stil#i@cbrmomrzem%r%e%ppﬁomatebs hAshours.

fol | oned exceptmx%cleﬁédweewsvmré@w&% ofibetation| ' riRsedaaton

e Pierr] (heast twigyithad e %w%'ﬁai ' prgengcbia; piRBrdennd 54

m of a 1.9 M (UARib nootoldiE/was|alhsexved initheofidhrat@handesactumng dar k
brown reaction agféare The dyfgdgﬁéééﬁgkf&gslugg&ragngegogia'nitrogen, at
anbi ent 10 supported catalyst system.
A 0.28 g catalyst charge was used in the
butadiene reaction.
The results are summarized below in Table

XXVII.
15 Table XXVII
Butadjene Reactijon
Run % Butadiene
Conversion Distribution of Products, Weight %
to Products 1,5-Cvclooctadjene Other Liquids Solid
20 5001 97 91.9 | 0.3 7.8
5002 68 60.8 2.5 36.7
Example VI

In the following Runs, all catalyst systems
25 were prepared in a glove box, urder dfy nitrogen at
ambient temperature and pressure. Transition metal
compounds were weighed and combined with three (3)
equivalents, (0.062) ml, pyrrole; 2 ml cyclohexane, as
a solvent; and 6 nml of a 1.1 uiéolution of
30 triethylaluminum (TEA) in heptane. The resulting
product was shaken for times ranging from 5 minutes to
16 hours.
All runs were carried out in a 1 liter
autoclave reactor containing 300 ml cyclohexane. 1.0
35 ml of the liquid catalyst sysﬁeﬁs were diluted in
cyclohexane and were added to the reactor under a
counterflow of ethylene (CP grade). The reactor was



temuerature and pr.essure. Excess toluene was renoved via vacuum
stripping, which resulted in 13 ml of a dark 30 yel | ow brown oil and a

'smal] quantity of a l|ight- ‘colored precipitate. The dark yel |l ow brown
oi | ~was separated, collected by syringe fromthe precipitate, and
used as the catalyst system 2.0 nml of the catal yst system was
dilufed with 27 ml of cycl ohexane 35 and aged for 3 days under dry
nitrogen, at anbient tenperature and®hressure before using.

Under a counterfl ow_of ethy]epe, 1. . (16, .

07 O sealsatani il sher adaltioh s herpeg paNid, then Seantor

sol ution, 55 ntefipetak@renteachddsalredctionohenperatufeeadt &0 it er nal

st andard) were charged.dire Ll e ogl Rre

S0rerr]C , i EHoBLRYLARR Bro¥ghfelas, ificrballalrbla Suta AV |
t hen presspreseurei off §5Aypahg.t cEEBPlepegwasdfedeonedemand for s run

for 30 m nyt es,yi | Y GRetREbNY §edn8BessaryGRBEt was applied to The
results arg suﬁ#%%??gg below'?n Tab?e ?0 XXIﬁg% P

Run 2012 maintain aTkeagtgrcHePReHRtEFeLRE PR Rin 2005 was
fol | owed except chrom umagl khepghdobfdeathoppnynd Eample ofathene chrom um

e i g9, sl B R, Lndl RO apaiyzes
: via capillary gas chromatography, on a HP-5880 gas
10 chromatograph equipped with an FID detector and a 60
meter DB-1 column, with a 0.25 mm ID and a 0.25u film.
The gas chromatograph was ramped from 40°C. to 275°C.
at a rate oleb'c./min, with a 20 minute hold time.
Cyclohexane was used as an internal standard. The
15 remaining reéction product mixture was evaporated and
the amount of solid product produced was determined.
The results are given in Table XXVIII.




m of a 1.9 M (12.7 'nmmol) TEA solution in toluene. The
brown reaction m xture was stirred for
and pressure.

at amnbient tenperature 20
stripping, 'which resulted in a dark yell ow brown oi

vacuum
smal |

oil was filtered and the filtrate
resulting in a solution containing 0.012 g
whi ch was used as the catal yst
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tained 1.2 liters of cycl ohexane.

m with 25
Compound |

80[err]C., which

then pressurized w

for 30 mnutes wt

results are sunmari

" Table XXVIII

Cata~

cycl ohexane
(CrPy[err]T
Under a counterfl ow
systeni cycl ohexane s
standard) were char

tdon,

Pistri
trnnrng%t:

1

Wedi

ianid ©«
C

Produ

Weight

(g product/ Grams, Weight

_Catalyst g catalyst/ total Percent Percent

Activity,
Grams

lyst
System
Appeaxr~

Grass,
Metal

Com-

Metal
Compound

Prod.

Charged

Of

Solid

Liquid

hr.,

ance

pound

err],
thyl ene, 7.0 nl of
wion and 4,0 ni gf 30

yl ene t0¥550 p& g and Fhe

dark

brown

solution

SORe

3

95 .'4 406

1.52

solids 0.0094 324

0.075

6001 Ni(acac),

dark

74

brown

6002 Ni(napth),

70.5

29.5

0.14

0.0356

0.285

solution
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gquantity of a light-colored precipitate.
W2 i luted to a total

resul ting dark
30 m nutes under dry nitrogen,
Excess toluene was renoved via

and a

The dark yel | ow br own

brown

6005 Hntacac),

o

vol une of 25

syst em

The reactor was
S re&tion®as run

50

76.3

23.7

0.08

12

0.0128

0.102

‘solution

dark

_AJ__

10.8

89.2

0.46

97

green

aolutipn 0.0095

0.076

6006 Cu(acac),

The
[err]



»

- 42 - Example 111

Run 3001 - 0.21g (0.601 mmol ) of Cracac[err] was conbi ned

with 012 m (1.73 mmol) of neat pyrrole and 15 ml of 5 tol uene. The
resulting solution was stirréd under dry nitrogen, at anbient
tenperature and pressure for 5 mnutes. Then, 6.0 mM of a 1.9 M(11.4
nmol ) TEA solution in toluene was -adgled. The resulting dark br own
reaction mxture was stirred for 5 m nutes under 10 dry nitrogen, at

anbi ent tenperature and pressure. Then, 2.0 g of an al um nophosphat e
support (0.4 P/Al nmol ar rat|ith, activated at 700[efr]C.), prepared in
accordance with U S. 4,364,858 (]&p82), her®ing < ihcprporated by
reference, was added and the Tagulting 15 slurry stifred for a period of
approxi mately 12 hours. product vlis Tol ectied] by filtration,
rinsed at | east tw ce ha m aliquots of toluene and pentane,
until no col or was observed & filtrate and waceu dried. The
dried product was used as séF@wpported 20 catal ysf system

A 2.1022 g aliquot of the seid talyst o osygteq was added under a
counterflow of ethylene to a 8™ liter aut®cl ®etontaining 1 liter of

i sobutane. Prior to-thegfcdyal yst charge, 0.25 mjof a 16.5 w % TEA 25
sol ution in nonane was added %o jtshe react d§, &n Brdé& to neutralize
any et hyl ene feedstock poisons that m ght be present. The reactor was
seal ed and et hyl ene

d=
tTibu

Weight
Solid

52.3
28.8
43.2
73,2

Liquid
47.7
71.2
56.8
26.8

10

Prod.

1.04
© 0.56
0.26

(g product/ Graas, Weight
16

Catalyst g catalyst/ total Percent Percent

2
115,
29

Table XXVIII Cont.
Activity,
hr.

Charged

0.0119
0.0094
0.0096
0.0176

Grams

Cata-
lyst
System
Appear-
ance
green/
red
solution
some
golid

Grams,
Metal
0,075
0.077
o’ 141

Com~
pound

Metal
Compound

6007 Ma0,(acac), 0.095

6008 TiO(acac),
6009 VO(acac),
6010 Zr(acac),

Run



addi #i on was stopped until the reactor tenperature reached the desired
run tenperature, for exanple 90[err]C. 30 The ethylene pressure was then
i ncreased to a total react or pressure of 550 psig. Ethylene was fed on
demand for a 30 minute run-tine. At the end of the run, a sanple of
the liquid reaction product m xture was col |l ected and anal yzed via gas
chr onat ography. 35 The remaini ng reactd gy d xture was evaporated and the
anount of solid product was determ ned. : The results are

sumari zed in Tabl e XXV. The data in Table XXVIII show that other 43 -
Run 3002 _ 0 . clibed | . 3001

f ol | oned exceptm%ﬁ%%h??%§€§¥%%n1%ﬂﬁ%ﬁ?@%éﬂ%%’é%%%@og%glgg’ ?ﬁg§or

Cracac[ err]/ Pytpolynerize htokefimsh t0f tiesermetal ocompounds,

al um nophosphatg; f REAGFN R i6dR180dHWRE the best activitd Zdnd
Cracac[err] (0. th mm??"'_'was wei ghéd into, .a .e o d° slé‘?]ée\fycapped vi al .
0.12 m of PyH $elestihbty toward erimerizafiome| uene were added, and the

resul ting sol ution was cappedwd for 5 mnutes. Then, 10
with continued stirring, of ,a, 1.9, M (11, , lution in
t ol uene was added. Afterf?%e fgl%?‘ﬁ’c’é%[é*ﬁ?%ﬁﬂssgp§iiéa§ s stirred
for 5 minutes, @emonstrate tlieaefifétt (Gf shydodlyDig theumetali mliydanes

was added h r I Ut
O R Nk M ek St ey T
P/ Al nol arlQ ati®ef 309YV§?E€'§‘P“%B?E‘F9]@‘}P°““‘L Runs 7006-7009

compared to Runs 7010-7013 demonstrate the effect of
preparation of a catalyst system in an unsaturated
hydrocarbon. '
: Runs 7001-70035
15 In Runs 7001-7005, the molar ratio of
elemental chromium to elemental aluminum to ligand
(Cr:Al:L), the catalyst components added to the reactor
are 1:30:10. In Runs 7001-7003, the chromium compound
- was Cr(EH); and the chromium compound in Runs 7004 and
. 20 7005 was: Cr(Py);. The aluminum compound was -
triisobutylaluminum (Al(i-Bu);) and was treated in the
following manner. To an approximately ten percent, by
weight, solution of triisobutylaluminum in heptane was
added 1.0 mole equivalent of distilled water, steadily,
25 but in one batch, while cooling the flask containing
the solution with ice water to maintain a temperature
of about 10 to about 20°C. The solution was stirred
vigorouély during and after water addition and
continued until no further gas evolution was observed.
30 The ligand was dimethoxyethane (DME).

Runs 7001-7005 were carried out in a 2 liter
autoclave reactor. The chromiuﬁ compound was dissolved
in 400-500 ml anhydrous n-heptane and added to the
reactor, under a dry nitrogen purge. Then the

35 appropriate volume of a stirred, treated 0.31 M
solution of i-Al(Bu); in heptane, as described above,
was added. Then, the appropriate volume of DME was



prepared in accordance with U S. 4, 364, 855 (1982), herei n incorporated

by reference, was added and the resulting slurry stirred for a period
of apprOX|nater 20° 12 hours.. ‘The product was collected by filtration
and ~ rinsed with _at |east two 10 m ali quots of toluene and

pentane, until:no col or was observed in the filtrate, and vacuum
dried. The dri‘ed product was: used as a solid, supported catal yst
system 25 A 0,5048 ¢ allquot(§ The solid cat al yst system

was added undegq &Ouﬁ%%lﬂ’&?fs S&fy&@r}%ﬁ&g fﬁect f.a}kgtgrg‘ﬁiocl ave

containing 1 |i areds t'ane arge, 3.0 ni
of a 1.6 w % TERtandard); itTRe Feacton sramsombed dand Pﬁoﬁgbﬁr teoa

neutralize any EQmpeﬁaeufer@ff@@cb.t%k msmmt&aa o590 RA raasent. The

react or was d ylene additio p t he reactor
t enper at ur e rea'gﬁég ?ﬁ@g $raecP’F‘iﬁ1sure °£e§%‘g ﬁ?ﬁg wﬂ:Lf 8FhELERBre o0[err]
C. The ethy5eneEphpteneewas fediasn | demagzsd efbr ca arunt timecaft 26 mimmtese of

Cimer i the ci N POSEE JOIMARLS LENINCraRE EndOuf) AthiRebin | o,

product m xt ur eRAY Z@P$EZQ%@ ‘and -

44 - anal yzed via gge (¥Eﬁcoﬁfiﬁﬁh ﬂ@ﬁ rsnaaﬁpme of thkeaction
m xture was eva orat d and the nt. of, solid ggoduct de%éinlned
Et hyl ene consung%ﬂ‘dh \Aﬁ%a‘-’tmnd%’f ‘Fﬁ‘héﬂ“&?"é%%??b? &8 pPgwaRad¥red 5

The resul tsoar evmnaapixmr;beéw ¢hrdmdtsgraphy, on a HP-5800 gas
' chromatograpn,equlpped with an FID detector and a 60
meter DB-l'coiunn, with a 0.25 mm ID and a 0.25u film.
The gas chromatograph was ramped from 40°C. to 275°C.
at a rate of 10 'C./min, with a 20 minute hold time.

15 The remalnlng reaction product mixture was evaporated
and the amount of solid product produced was
determlned.,;

The catalyst systems used in Runs 7006-7013
were prepared according to the following procedures.

20 Catalyst: systems in Runs 7006-7009 were prepared in the
presence. of toluene, an unsaturated aromatic
hydrocarbon.L Catalyst systems in Runs 7010~7013 were
prepared in the presence of l-hexene, an unsaturated
aliphatic hydrocarbon.

25 N Run 7006

' 3.72'g of [Na(DME),] [CrCl(Py);DME] was
combined with~50 ml toluene. 31ow1y, 26.4 ml of neat
(93%) TEA wasdidded and stirred for 30 minutes. The
slurry turned dark brown. Excess solvent was removed

30 by vacuum, resulting in a dark yellow1sh/brown oil and
solid. About: 70 ml cyclohexane was added. The
resultant. product was filtered and the filtrate was
diluted to::200 ml with cyclohexape and 8.0 ml were
charged to the reactor. The pﬁoduct contained 1.67 mg

35 Cr/ml. |

Lo Run 7007 _ .
0.35°g of chromium(III) ethylhexanoate (CrEH;)



XXV. s - Run 3003 . - The procedure
described.in Run 3002 was foll owed except CrEH err] was the chrom um
source .dand no 10 aromati c sol vent was used during catal yst system
preparation. Also, a supported catalyst system was prepared in-situ
in the reactor. A CrEH err]/PyH sol ution was prepared by

m xing - 0.33 g (0.69 mole) CrEH err] th 0.26 M (3.75 nmmole) PyH 15
in 16 m of pentane and aging for 4 days %%ger dry nitrogen, at

nmb tt
21 i nophosphafaEc CRRBEpBRCRLLh apBut ols 8 ot ciddfe, FofRiela o

700[err] C.), pdeeprgteen solutiener dand2 mitﬂfLBSS‘QlysﬁhYQQYFFﬁhB herein

S0l ut i o 1 b hogZpsctuby BhAI6C20%AY S2OLbréhoBubtalle Hete Sad e 1
under r of e ene to a

2 liter autocl3b@Wl¥acPor ni'3 %a} %nglgﬁ? ?Eﬁﬁggﬁpugg k? gﬁnelq er

cycl ohexans, addea andl stirdedyfop. 863minmatesCtd giveha Griedndshl,/ PyH 25

oo™ 7 shol BotubURCHRH i) (8 MR rap pF

reactor. SummarT zed_bel o
- 45 - by vacuum and the liquid was extractéd into about 15 ml

cyclohexane. The resultant product was filtered and
the filtrate was diluted to 25 ml with cyclbhexane to
10 form a golden colored solution, of which 7.0 ml were
charged to the reactor. The product contained 0.014 g
CrEH,/ml. T
Run 7008
The procedure described in Run 7007 was
15 followed, except 0.22g CrEH, and 0.13 ml of 2,5~-DMP were
used. Furthermore, 0.10 ml of GeCl, were substituted
for the 1-bromobutane. 3.4 ml of 1.9 M TEA solution in
toluene was added to give a brown to brown/yellow
solution and a precipitate. The final product after
20 filtration and dilution to 25 ml with cyclohexane, was
a bright gold-yellow color and contained 0.0088g
CrEHy/ml. 3.0 ml were charged to the reactor.
Run_7009
2.070 g of CrPy,Cl was added to 70 ml toluene
25 and 62 ml of 1.9 M TEA solution in toluene, mixed and
filtered. The filtrate volume was reduced to about 20
ml by a dynamic vacuum. The viscous brown solution was
filtered again. Then, about 303@1 of pentane was added
to the filtrate. After about one day, the solution was
30 vacuum stripped of excess solvent. Then 38.1 g of
alumino-phosphate (P/Al molar r@ﬁio of 0.9, activation
at 700°C.), prepared in accordance with U.S. 4,364,855
were added. The slurry wvas stiﬁred about 30 hours.
The solid was collected by filtf@tion and washed
35 separately with toluene, cyclohexane and pentane.
0.4388 g of the solid catalyst system were charged to
the reactor. '



[err} . .- 46 - '
Exanple |V. ' Run 4001 . 3.5 g (10

mol ), Cracac3 was wei ghed into a 100 m pressure tube. A stir bar was
placed in the tube 5 and the tube was capped with a sejf sealing crown
cap. 40 M toluene and 2.1 m (30 mol) PyH were added vi a

syringe. 12 m of a 2.5 M (30.0 nmol) n-bugyl _1'ithium solution in
hexanes was slowy added . A precipitate was fornmed, collected, and
washed with one 10 mi 10 . aliquot of t nd two 10 m aliquots of

cycl ohexane, until no col qr . mas observ S olution. Atota
of 5.59 g solid was obtai fed* §. 8% [a gi] 4?\,&' )(;Dgﬁ

solution in hepicambined with absutr 1§ ml 3Shexené.t hglewlygl anGSCyalomexane

were used 15 HL&%f@ﬁéﬁrgﬂmfgqgraﬁagdcoggfﬂiﬁgsadﬁ§8&hb$Q%Pﬂlon ang;VI

1001. {s are sufmia bel ow
Exanpl e 400% 20a sticky-looking precépitateesandpstirne®kufior0d?® was

fol | owed except yfjh . dzs@re%ksy%waﬁ’eoesat réﬁévaa b vaéﬁhineCtQFﬂa
prepared in a 25 ml d@fgssure t ube usi {1 upo Cracac[err] 5

m tol uene, 0.1&Fedi mmﬁjFxtraCtPQHigﬁﬂdab°Etn@sdgla°¥°5°ﬂﬁﬁén8'nnDI)
n-butyl lithiumgiltered and the filtrate was diluted to 25 ml with
cyclohexane.; 8. 0 ml (0.067 g) were charged to the
10 reactor. :
Run 7011
The procedure described in Run 7010 was
followed, gg¢ept the final catalyst system, in
cyclohexaﬁe;?was aged for about 24 hours prior to use.
15 8.0 ml (o.oéj g) were charged to the reactor.
0.26 g of CrEH; was dissolved in about 15 ml
l1-hexene. fb;ls ml of 2,5-DMP and 0.13 ml of 1-
-bromobutanéfﬁere added. Slowly, 1.0 ml of neat (93%1
200 TEA was addéq and stirred for 30 minutes. Excess
solvent wasﬁieﬁoved by vacuum and the liquid was
extracted ihﬁbiabout 15 ml cyclohexane. The resultant
product wagﬁfiltered and the filtrate was diluted to 25
ml with qydibhexane. 7.0 ml were charged to the
25 reactor. '
- Rupn 70313
.21k g [Na(DME),] ([CrCl(Py);DME] was combined
with ahoutrlu ml l1-hexane. Slowly, 1.0 ml of neat
(93%) TEA was=added, forming a dark brown solution and
30 precipitaté;9ahd stirred for about 1 hour. "The
solution was decanted off and added to 1.5 g of
aluminophoSbhate (P/Al molar ratio of 0.4, activation
at 700'c.),;pggpared in accordance with U.S. 4,364,855,
were added. . ‘ \
35 T@e-gupported catalyst system was collected
by filtratiqnlfwashed with l-hexene and dried under a
nitrogen pﬁggq, 0.6328 g of the solid catalyst system




- 25 <solution in hexane. 0.5mM of a 1.1 M(0.55 mvl) TEA

solution in_ ~ heptanes and a cycl ohexane slurry containing 16 ng of

the .golid were used in a reaction under the conditions described in
Run ¥1001. 30 . The results are sunmari zed bel ow in Tabl e

XXV -, Run 4003 1.0 g of
'alunlnophosphate support (0.4 PIA noLar_ rati o, activated 700[err]C.),
prepared in accordance 35 with U S 4, 362, 855 (1982), herein incorporated
by referenggreaegaggeQBtggtﬁglggg&tgg the solid described in Run
4001, were weighed into Bressure t ube.

- 47 - The tube.was Bﬂﬂﬁeao §-#P18oVWRERCAKEigdPuEfin 2 3./ (5.7

mol ) TEA sol ut 1gtein ahebueaeew&éacadéedcbﬁtahﬁin ciobenekansgyri rae The
resul ting slurrée\@as° gltated f,or g s_isqlated and

T d
washed with 10 PaGbEe o ety . eREBaRESE, R ORLIARCSHRERREn KSRy
was observe8 i n7008 andh76aB)t were slurried in cyclDobBewhnefta 1.1 M (0.55

mol ) TEA sol ut ﬂe hitate Qag&easa Eadtﬁecéﬁigﬂ m te:ibw ¥aGeBEa gh&g 80

ng of t he sol | were used in a reactlio con |t|ons
described i n RuWer@oadded to the P°1Ym?ﬁézPE§BPtEeﬁFE°§uﬁﬁﬂPFzéd bel ow i n

Tabl e ‘XXVI counterflow of ethylene  (CP gr&dg) 400fhe homogeneous,
liquid, unsupported catalyst systems (Runs 7006-7008
10 and 7010-7012) were diluted in cylcohexane and were
added to the polymerization reactor under a counter-
flow of ethylene (CP grade). The reactor was sealed H
and ethylene addition stopped until the reactor |
temperature reached a reaction temperature of 80°C.
15 The ethylene pressure was increased to a total reactor
pressure of 550 psig. Ethylene was then fed on demand
for a 30 minute run time. At the end of the run, a
sample of the liquid reaction product mixture was taken
and analyzed via capillary gas chromatography, on a HP-
20 5880 gas chromatograph equipped with an FID detector.
The column was a 60 meter DB-1 column with a 0.25 mm ID
and a 0.25s film. The gas chromatograph was ramped
from 40°C. to 275°C. at a rate of 10°C./min, with a 20
minute hold time. The remaining reaction product
25 mixture was evaporated and the amount of solid product
produced was determined.
The results of the reactions are in Table
XXIX, below.



0.7 g of aluninophosphate support (0.4 P/Al 15 nolar ratio, activated at

700[err] C.), prepared in accordance with U.S. 4,364,855 (1982), herein--
i ncorporated by reference, and an aliquot (53 my) of the solid
deséribed in Run 4002 were weighed into a 25 m -pressure tube. The
tube_ was capped. 3. 5 m toluene 20 and 2 mM of al.9 M (3.8 mvl) TEA
sol ttionin toluene were added to the tube via syringe. The resulting
slurry was agitated for one day. The %@ i-d was I sol ated and washed
with 10 m aliquots of toluene and cycl ohexane until no col or was
observed in the wash 25 sol ution. © 0.5mM of al 1 M(0.55
nmol ) TEA solution in hept ane and a cycl ohexane slurry containing 78
ng of the solid were used in a reaction under the conditions as
described in Rup™1001. 30 The results are summarized bel ow in
- [ o~ -t
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- 49 - ) Exanmpl e V '
Run 5001 0.17 g chromum (I11) 2,2,6,6-tetr

anet hyI

3, 5-hept anedi onate (COr(l111)TVHD) (0.28 nmmol) was 5 weighed into a 25 m

preéSsure tube. The tube was capped with a self seali
0. 06m " of pyrrdle (0.89 mml) and 0.17 nl of neat (O.
di i sobutyl al um num chl ori de (Di BAl O kgwere added vi a

ng crown cap.
87 mmol)
syringe to forma

Cr(I'1I)TVWD/ D BAI A /Py solutiron, 10 which was diluted to a total vol une

of about 8 M with cyclohexane. 0.25 mM of a 1.1 M(
solution in héptane and 0.75 m of the C(ll1)TMHD Di
wer e added§t desp gl ass g bdttl e ®ontawning 10§ mM ofe Cyd
of 15 bugagli ene. The glass bottle was placed in a conti
tenperatur@ §ldh at 7Q{err] G, at anbi egt pressyre, aggd

period of«:'ﬂ&ﬁ’éurs ter 16 hour¥, a smal | sanfl e ¢
reaction _§ gt m xture was_ coI t ect ed and. anal yzed

chromat ogf & ym The 268 remaini ng I|qU| d reactfon pr&duct
evapor at edgaddlt he anount of solid product was . detery

The result F,’? sunmmag zed @l ow iy Tabfe XXVI | . @5
Run 5002 - The procedure. described in Run 50(
fol |l oned eXc E}l no exeess alkyl algm num conpourd was g

v -t -4

0.28 mml ) TEA
BAl C / Py sol ution
| ohexane and 10 g
ol | ed

agitated for a

f the liquid
ia gas

m xture was
i ned.

H
» i.e., pyrrole-containing compound; L is ligadé.
’ (72}

CxC1(Py), is equivalentr to Cxr(Py);, both of which are

[Na(DME),] (CrC1(Py),DME].
Activity is in units of g product/g-catalyst/hr.

N is nitrogen containing compound

Reactor plugged with solids.
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. present in the reactor and the catal yst was derived usi ng the

procedure described in Run 3001, as follows. 30 - 0.21 g (0.601
mrol ) of ‘Cracac[err] was conbi ned wth 0.12 m (1.73 nml) of neat
pyrriole and 15 nl of . toluene. The resulting solution was stirred
under dry . nitrogen, at anbient tenperature and pressure for 5
mnutes. Then, 6.0 M of a 1.9 M (11.4 4mgy )= TEA 35 solution in toluene
was added. The resulting dark brown reaction m xture was stirred for
5 m nut es under dry Theé radaen, imtTable cXXIX cslpowa! tha&t atHepr essure.

) ) : : 2 |
ra??o, activl?e r%%°$68[§§rf§?§gg 1§§$2ﬁﬁ¥ﬂggﬁb§gggo;%5ﬁ%§éﬁﬁfﬁiupg. " ar‘
4,364, 855 (1982fhenhtemmation oficoiquids edsush ras efoncexampieadlied and

the-resul ting Snexshd!'YIfitdéed dte? AF {14 xﬁé%?{’&fof?ﬁiééyiﬁ% %ﬁ[ >

The product_was ‘collected by filtration, rinse east twce h 10
nL al i quot s®of $8tidPefarmp ane, until no,color was observed in the
filtrate and vacuum cmhx@slﬂd'dw-wifclsuﬁp\vﬁowfééééw&tt ?éyétéﬁk' d, 10 g
supported cat al e .2 ca charge was use
in the butéﬁ%%%%géeg%tFQﬁLpresence of any UpmafuEy, %é %YarggﬁﬁﬁPPQed

bel ow i n Tabl e are eff@ttivdstoward trimerization:  HowWewer, XXV
But adi ene ReaCt&&ﬂparison of Runs 7006-7009, prepared in toluene, with

10 Runs 7010-7013, prepared in 1l-hexene, show that an
unsaturated aromatic hydrocarbon is the preferred
catalyst system preparation medium. |

.- Example VIJI
The following Example, Runs 8001-8017,

15 demonstrates the effect of varying the pyrrole
compound, halogen, and metal additive used.

' Catalyst systems used in Runs 8001-8017 were
all prepared in the same general procedure. In a
typical preparation, chromium(IIi) 2-ethylhexanoate was

20 dissolved in toluene. Next, 3 equivalents of 2,5-

©  dimethylpyrrole (or hydrogen pyrrolide for Runs 8014-
8017) was added to the solution. The desired amount of
halide additive (2 to 3 molar equivalents) was then
added, followed by 15 molar equivalents of

25 triethylaluminum (TEA). The reggtion mixture was.
stirred for 5-10 minutes and tdinene was removed under
vacuum. The liquid residue was diluted to a total
volume of 10 ml with cyclohexangfgnd an aliquot was
charged to the reactor as the cgﬁélyst systen.

30 The trimerization reagﬁion runs were carried
out in a 2-liter autoclave polyﬁ;rization reactor
containing 1.2 liters of 85% cyéiépexane as the reactor
diluent. catalyst system was harged to the reactor
followed by addition of cyclohéighe. The reactor

35 temperature was brought to 80°C. at which point
ethylene was introduced. The préssure was maintained
at 550 psig with ethylene fed on demand. Each reaction




Run % But adi ene . Conver si on Di stribution of Products. Wight %

to Products 1.5-Cycl ooctadiene O her Liquids Solid 20 5001 97
91.9.. - 0.3 7.8 5002 68 60. 8

. 2.5"¢ 36.7 i . Exanpl e VI I n
the followng Runs, all catalyst systenms 25 were prepared in a glove box,
under. dry nitrogen at anbi ent tenpeLagyre and pressure. Transition
nmet al conmpounds were wei ghed and conbined with three (3)
equi val ents, (O 2 Y R0 h S ent; and
6 M of all nggs)glu?t ;f 8% ('f):b g.gnu%eg: g@ﬁﬁ#g ﬁ?ﬁnaﬁﬁ%nn Of et e {n \aéne The
resul ting Sraples waIeskaken PGrtPPnﬁ§draﬁth§ FPBnﬂBdnﬁ Zedo
16 hours. by gas chromhtogPaphy, eaeaaéseéiaaa E.ﬂ atxheb eXamples.

aut ocl ave reactor contain o of the liquid
catal yst systems were dllﬁﬁgdreﬁuqks nggg ﬁeaﬂﬂdaﬁé}xsgﬁdgﬁeto t he
reactor undér agiven dauMabilkel &¥XXef et hyl ene (CP,grade). The reactor was

seal ed and et hyl ene addition stopped until the r¥eactor t enperature
reached a reaction tenperature of 80 C.

‘a
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t he amount of solid pro

standard. The 15
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et er

At the end of each run,

liquid reaction product mixture was taken and anal yzed
on a HP-5880 gas 10
at arate of 10[err]C./m n,

heat -was applied to
and a 60

»

The et hyl ene pressure was increased to a total
FI D det ect or

psig. Ethylene was fed on demand for a 5

product m xture was evaporated and

produced was det

XXVIT.

gas chromat ogr aphy,
Cycl ohexane was used as an i nternal
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80[ err] C.
0.25[err] film
275[err] C
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.- 58 - [err] . - 54 -

The data i.n Table XXVIII| show that other metal conpounds can trinerize,
ol i ggneri ze, and/ or pol ynerize 1-olefins.” O these netal conpounds,

Ni (dcac)[err], Run 6001, showed the best activity and 5 selectivity
toward trinmerization. _ - Exanpl e VI

In the foll owing Exanple, Runs 7001-7005 denonstrate the effect of
hydrol yzi ng the netal al kyl prior to%%€ and the effect of the

presence and absence 10 r Ii%]@ﬁ Habpi QU Runs 7006- 7009
conpared to Runs 7010- 70199%e%b€%t$§te Gpe e e%g”gf ntgk|t")?epar ation of a

cat al yst syst enseheahivityittevards l-hexsng dngusases in the order
Runs 7001-7005 33c1<Br. The bidmiléScPeuiniilp addErivésiconsistehtl

clerental chi oty sl ishtel SILOMILY JLINEL coradSonfop FL (7
7001- 7003, $he néxeneucompapednto the carrdsgdridihgrchldridéaroni iodddepound
1 e 1008 idBnd OO A ol BT aRIPRNRA V2
means that less byproducts (C.,=, c8=,‘ and C,;=) are being
formed. The ratio of 1l-hexene to infernal hexenes also
tends to increase in the order I<Cl<Br. Thus, the use
10 of halides leads not only to more product, but a
cleaner trimer product as well. The activity of the
catalyst system increases in the order I<<Cl,Br.
However, the activity between Br and Cl analogues
appear to be unpredictable. For some additives (SnX,,
15 and AlX,SiX) the Br is more active.

The data in Table XXX also show that the
trend in selectivity to l-hexene and activity can .be
extended to catalysts containing other pyrroles, as
shown in Runs 8014-8017. |

20 Overall, the best combination of activity and
selectivity is obtained using GeCl, or SnCl, as the
halide additives. However, it has been shown that the
selectivity towards l-hexene is also affected by the
ratio of halide additive to triethylaluminum, making it

25 possible to obtain high selectivity from other halide
additives.

In the following Example, Runs 9001-9004
demonstrate that excess unsaturated aromatic

30 hydrocarbon can be detrimental to trimerization and/or
oligomerization. Thus, when a catalyst system is
prepared~ih the presence of an aromatic hydrocarbon,
such as, for example, toluene, removal of excess
aromatic hydrocarbon is preferred. The resulting

35 liquid is then extracted or dissolved into a desired
solvent, such as, for example cyclohexane or heptane.
While not wishing to be bound by theory, it is believed



fol ]l owi ng manner., To an approxi mately ten percent, by wei ght, solution
of trllsobutylalunlnunlln hept ane was - added 1.0 nol e equival ent of

di st'id I-ed water, steadily, 25 but in one batch, while cooling the flask
containing” .. the . solutfon with ice water to maintain a tenperature

of about 10 t:0< about 20[err]C. The solution was stirred vi gorously
durisng-and- aff'er water addition and - gsontinued until no further gas
evol ution was observed. 30 The ligand was di net hoxyet hane (DVE). -
Runs 7001- 7005theteanaaroﬁatmqthydracarbonecan coiipetecvitk acmohomer The
Chr.om um ConPopgQogaerdng2 ks and/or | 91 408neR0gh, BhNY QU5 BobSDtane and
added to the reactor rogen ufge

appropri at e voﬁﬁﬁﬁpéﬁrae§hY1ﬁéﬁ; fggaagdagtggemglte °§0Fh?|6ﬁt61Y$tAl(Bu)3

|n heptane, assgseentbednaByvet is belsévéddesat Ges. colipetRBISA! bahe
vol unme O

added, aIO%MEﬁxgﬁlglﬁicﬁFaﬁgﬁﬁnﬁyfF%Bt6?t+ﬁf%¥hal standard). The
reactor was seal ed and bThegbatabyst systenpuseﬁuin RGns09@o0L}E004N Run

7001 and 95[er§ Egkgﬁggga in&09234095, f”gh?oﬁﬁﬁﬁ??iﬁkoi 550 psig with

et hyl ene. was ted“on denmand for a run f 25 mnutes
in Run 7001 3ethyihgxapopkerdissobyedninstoknene es Next, 0.&6nwL7003- 7005.

At the end of (gaghpbiar aqﬁavahsneé)tbs 2, 5-aihéthf1pprebienvasoduct
mxLure VB3 ' aK§Hed" o BRe 8 utlon. V| AnGEP! b6 Ne 973, STROTRLCUT APNY. on @
_ equivalents) of n-butylbromide was added, followed by
7.60 mL (21 molar equivalents) of 93% triethylaluminum.
The mixture was stirred for 5-10 minutes and toluene
was removed under vacuum. The liquid residue was
15 dissolved into 30 mL of cyclohexane, filtered, and then
~ diluted to a total volume of 50 mL with additional |
‘cyclohexane. Four (4) nL of this solution was charged
along with the desired amount of anhydrous, degassed
toluene (0, 5, 10 or 15 mL) to the reactor. ’
20 The trimerization reaction runs were carried
out in a 2-liter autoclave polymerization reactor
containing 1.2 liters of 85% cyclohexane as the reactor
diluent. Catalyst system was charged to the reactor
followed by addition of cyclohexane. The reactor
25 temperature was brought to 80°C. at which point
ethylene'was introduced. The pressure was maintained
at 550 psig with ethylene fed on demand. Each reaction
was run for 30 minutes before shutting off ethylene.
The total amount of ethylene consumed, i.e., fed, was
30 measured. '
The results of Runs 9001-9004 are given in
Table XXXI.



chr oyrat ogr aph equi pped wth an FID detector and a 60 meter DB-1
colum, with a 0.25 nmID and a 0.25[err] film The gas chromatograph
Was,ranped from40[err]C. to 275[err]C at arate of 10[err]C. /mn,
“with"a 20 minute hold ¢ine. 15 The remai ning reaction product m xture was
evapor at ed and the amount of solid product produced was

det €rm- ned. - The catal yst syé6ens used in Runs 7006-7013

mere“prepared according to the follow ng procedures. 20 Cat al yst systens
in Runs 7006-7009 were prepared in theléhi__ﬁxxience of toluene, an

unsaturated aromatic hyglf et oM . A e He S ¥ydry Runs 7010-7013
wer e prepared in the presen - hexene, “an .unsat urat ed

al i phatic hydrocarbon. 25 ‘Cataiyst'Sve e Act 006

3.72 g of [Na(DVE)[err] (Crd (Py)[err] DVE] was co n d wi th 50 m
toluene. Slgkowy, 26.4 m of neat TEA was d stirfred
for 30 ninutes The T Ueh% turned 3 brogn gg? veab was
removed 30 GRC UU rg&ghtlﬁg |n a oY gt wi sft

solid. About 78LﬁT'cycI exane ct was
filtered and theobial trate was dllutgdobo 200 nf w th gygl ohexane and
8.0 M were 9ool2ar ged tost he reactor. g. Ibe.product cont agged 1.67 ng 35
Cr/m. 10 9003 10 Run 9083 : 1260.35. g of
chromun(111) eB@Pkhexanoads (CrEH[err])l 25 . 109

- 56 -

? Based on total value of reactor diluent.
) Not adjusted for solublllty of ethylene in
15 cyclohexane.

The data in Table XXXI show that the presence
of an aromatic hydrocarbon, i.e., toluene, can result
in a significant decrease in the activity of the
catalyst system, as measured by ethylene consumption.

20 This decrease is proportional to the amount of aromatic
hydrocarbon added to the reactor.



was €onbi ned RHELAIEDHEERABUM COPPAS| uene, forming a deep green33 186-Ep (
. solution..0.22 m of 2,5-dinmethylpyrrole (Z%5-.DWP) and 0.20 ml.Jeh. 26, 1993
LAE brom)butane were added. Slowmy, 5.7 mM of 1.9 MTEA solution in .

“tof "~ added and stirred for 30_nminutes to give a greenish,

_brown.sol ution and a solid. Excess sol&ehtBwhsMr8noved by vacuum and

“the Li'quid-wad.extract ed iprozesiotio Hrdpare a%’&ﬂ:@f'ﬁgﬂn%siraﬁ ES&EB:E@@.Eg

‘product was f t.he filtrate was | ut ed, t
cycl ohexane t{:)l’%g&gq‘{' gng DS P YRS & RYFRR %nc°%1f'a%\?|+’éﬁ FopPRRngeaad
charged to tha me&aﬂonlkyﬂemrmmmntﬂmw wilthout a pfeEiménalin .

The .procedur e,-dgsd e 7 MAs ff

CrEHerr] and Oslgib gtleg’ ?%Qﬂ, et m]‘?'5‘:au]'sea‘l dp%?%’h%ﬁfggepyﬁr?gem of
GeCllerr] wer@oBtaining: sgmpound din ttlh@ presengriiefhan &ldcttonfdén8rM TEA
solution in solvbkfituene was added to give a brown to brown/yellow

sol ution and a precipitate. The final product after 20 filtration and
dilution to 25-nl with dyProFessacapxding toy afiaigntl golni-wkicbwanol or and

t: d 0. O9SS
CR:J)E %88 098 Sturate@r B %E:]agr:cﬂon 1%[ %ﬁ%@w\xﬁﬁﬁd e?aicﬁ’ %H%E\?@%%%%e

25 and 62 rFFY‘BF°‘Ea§bfWTER didghn Pirﬁ"tléi%eﬁh%waa]ncsolvenh | s2kdd.
The filtrate wesaternseds ns}u&eéa&@o%bgwef%@ably Héix%: h BAAGHA €438 nfum

The vi scous br |, ut l.ter agai_n about 30
pentane was & atie %‘XHFHEaFPPF‘r Qt‘glnﬂf &ssamn (ﬂ%’%y, tFRTRSM Ut i on

was - 30 vaclatossrpepetiodécateess sol vent. Then 38.1 g of

-al um no- phos ate(P/AI tio of Q.9 .,activati al 700 rr]C.),
pr ep(.r ed in ggcor dance WI %gée§% 2c§85d§§§ to °]\ﬁé‘r’“e%2tdé‘é? ry was
‘stirred abouturssrteuated hydrogarbohi dswan awomadttied Hyyirfodatﬂabm dm\ailai;
washed 35  sgpas atiRhy %Bﬁttsbusa‘éﬁoﬁyﬁg‘élg%x%%% 3 Rl ANGeor exan(l)pl 588 ¢

of the solid catal yst systemwere C
toluene, benzene, xylene, mesitylene, or hexamethylbenzene.

4. A process according to claim 2 or 3, which
includes stripping excess unsaturated aromatic hydrocarbon .
from the resulting catalyst system.

5. A process according to claim 2, wherein said
unsaturated hydrocarbon is ethylene.
6. A process according to any one of the prececiing

claims, wherein said metal source is a chromium, nickel,
cobalt, iron, molybdenum, or copper compound, preferably a
R chromium compound.
f{‘!!  7. A process according to any one of the preceding
- claims, wherein said pyrrole-contalnlng compound is pyrrole
or 2,5-dimethylpyrrolide.
8. A process according to any one of the preceding
claims, wherein the metal of the metal alkyl is aluminum,
lithium, magnesium, or zinc.
9. A process according to claim 8, wherein said
metal alkyl is an aluminum alkyl,fparticularly a trialkyl
aluminum compound, such as triethyl aluminum.
10. A process according to'Ahy one of the preceding
claims, in which a support is incorporated into the

Chis Sheet
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t he &«eactor.
. Run 7010 .
. was added, f
andstitred f

i due“was

charged to t
The procedur

ed i
: 1 ' . | ah . ged_f,or about “24 hours prior
hee. 15 b OB tivant¥s PotRaipatarted RaLicadiatania,

Run 7012

s trate was %l uted to.25.m._w.th cycl ghexané.
h

D o o0 % R

was o
'h about "15" $1-hexene. Slowy, 0.75 ni :‘MH“LS% TEA

orning a _brown solution and 5 a sticky-1ooking precipitate,
FFARRLYSt Sistemes said snppstty erefisxablgmbesihdyan amsirgadie
eskiaa) cguoh! asabauich W10kl oheanG aymild | SEfthaNtd ne

wer e

ymina, silated alumina, theoria, aluminophaggphato,1

@lestnileghbepRate]Ophosphated sfidlicaiedn ,

to

fluorided/s@lated alufiifbl, ebk] anmdxtuseolthedddr.about 15 ni

- hex ~PAE, d i 1- brq ut ane were
idgggfeneg 0\(/)\,1'13/11,5 : r1T1 001;11 2%1‘5 P nea?g?9§g/$%§81ng‘cl)'tﬁﬂ f8Y 88-frarhesbraceding 30
m nutes. Ex&dexims, whitheinchudeseaddédgbu halﬁdfl&?drbhe Hd%fﬂ%ﬁ%xigy

. . S an proauc
BT [ AL 5 SRR 0 mlbEad ity e

filtered and the filtrate was

m were char

| ohexane.
de¢ t o t he &sProeegstaccording to claim 11, wherein said

halide is provided by a compound having a formula of RX ,
wherein R is an organic or inorganic radical, X is a
halide, and the sum of m plus n is any number greater
than 0.

13. A process according to claim 12, wherein R is
aluminum, silica, germanium, hydrogen, boron,.lithium, tin,
gallium, indium, lead, or a mixture.thereof, preferably
tin, germanium, or a mixture thereof.

14. A process according to any one of the preceding
claims, in which the resulting catalyst system has a
relative ratio of: .

{a) about.1 mole of the metal of the metal
source; . :
(b) about 1 to about 15 moles of the pyrrole-
containing compound; '

(c) about 5 to about 40 moles of the metal
alkyl; and, if present; _

(d) about 1 to about 30 moles of the halide.

15. A process according to any one of the preéeding
claims, which is carried out in the absence of oxygen and
water.

1s6. A process according to any one of the preceding
claims, wherein the metal source and the pyrrole-containing
compound are combined prior to the addition of the metal
alkyl.

17. A process to prepare a catalyst system comprising
reacting a mixture of:

(a) "a metal salt, preferably a chromium salt;

(b) pyrrole or a substituted pyrrole; and
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s N 520 ) -

EA Was added,.“fornmi*hg *a dark brown solution and 30 - ‘pr. _
‘i¥Ted for about 1 hour. The solution was decanted off and added to
5:g of al um noph@sphadre dlRR¥cirow|pEeir alomowisdlvientet and) i b at

ii 00[efr]C.), cepar ed. jn.accordan ' U, S, 4,364 855 re_added.
00T ol oL 6P SRS S Siraquor wiB) R
filtration, washturaited hydsagarbond dri ed under a ni trogen purge.

0.6328 g of ghe solid gatalyslsSUy g{?oelpare a catalyst system comprising =

- 58 - were charged to the rea
carried out FRagting a mixturg Qfiit ocl ave reactor, containing cycl ohexane.

The .. het er ogeneous, (o | &fl, s UPRIY & et 12 otHerS NHM Bl FdiREue 7009
and '7013) were slurrieé I'n cycl ohexane to, facilitate addition to the

pol yneri zat i SRTRESEROLY dHFKel, GRhad taddePnto BHYRARTHR, | 9B IFPRPIELEL Or

under a count er f| qu)of £irvtananid Ira4E) X The honobgeneous,
| i qui d, unsupported catal yst systems (Runs, 7006- 7008 10 and 7010-7012)

“were diluted in cyl cohdfne hPIRGEFON Paly Aanqr, SHTRE § Rdzatf on
- reactor undedegigednt éeacting fiHuv st neddtian gddudbevitinciwr was

ealed e ShlaBURIR L R s opped Ut the reactor
o 19. A process to prepare a catalyst system comprising
; reacting a mixture of:
si (a) a metal salt:;
: (b) a metal amide; and
(c) an electron pair donor solvent; and reacting
the resulting reacﬁion.product with an unsaturated
aliphatic hydrocarbon, preferably ethylene.
20. A process according to any one of the preceding
claims, which comprises admixing the catalyst system
prepared as a cocatalyst system with a polymerization
catalyst system, said polymerization catalyst system -
- preferably comprising a chromium-, titanium-, zirconium-
and/or vanadium-containing catalyst.
21. A process to trimerize, oligomerize or polymerize
N an olefin compound which comprises carrying out said
“ trimerization, oligomerization or polymerization in the
presence of a catalyst system or catalyst/cocatalyst system
prepared by a process according to any one of the preceding
claims. . '
22. A process according to claim 21, wherein said
olefin compound has from about 2 to about 30 carbon atoms
‘per molecule and at least 1 olefinic double bond, said
olefin compound is ethylene, l-butene, l-hexene, 1,3~
butadiene, or a mixture thereof.
23. A process according to claim 21 or 22, in which
an unsaturated hydrocarbon is combined to prepare the
catalyst system but is first introduced during the
trimerization, oligomerization or polymerization process.



15 aThe eth increasggl to a total reactor pressure
-.-af »550 psn g. ylmmumaimﬂﬂtmm fed on demand for a 30 mnute run tine.
At the send- of “the run, ®a s~ » sanple of the liquid reaction product mnixture
Swas _ ' and analyzed via capillary gas chronatography, on a HP- 20
*.’5880 gas. chRdmat ogr aph @peqessd anddrcﬂthfl'& det L4 0:!‘315 Pencehdm was a
}60 net'er” DBu [ and a 2 err f|In1 he gas
chr omat ogr ap svva{sﬂ?g:ew y}d@.‘o%a%% &rﬁ%pq?¥ﬁ[g? |eatalyst raysten
10[ err] C./ nit8, @y msatmrated atiiphad o Iy drouarbdie 4 ES@i £¢0ng C26t 108
product 25 olEEXhUEe I unt, of solijd product
mfford $RCH 9% Whdgl A, W1 fadhifed

produced was_det er mi ned &ions are in

'Ie RRfYmepdesn. - 59 - [err]

Thls Sheet Has Been Reﬁlaced




.60 - [err] - _ 61 -

- The data i.n Table XXl X shows that th presence of water (Runs
7001+ 7005) "is detrinental to the formation.of liquids, such as for
~-example, 1-. .- - hexene. In fact, water in the reactor results in high 5
sol i ds f.or mati on. Runs 7006-7013. show that catal yst systens
prepared in the presence of any punsa u af @d diydr ocar bon are effective

toward trineri-zation. Fbwg;gr, G Uga&uson;q% Runi.7006-7009, prepared'
in tol uene,” with 1GMPYRYRR 509#’0?991%% B&rels| A1 SAERERE PERGRSFhat an
unsat ur aiceg preparinghvireaiuherontatindngr ebmpourds, sucht alsystfogyst em

e Tol | SHPME Lo promisgh, 2Y550 808, PYs forpiit I hdxthire o2
varyi ng. chrominmoisalt, a wetpdusnideal pesticudariyt al pyaFclide, and
Cat al Yt o3y ShEh AP hels BeROrS001vEAL] WGER ms, £8kl cREMPAd o the same
general procedure. n a typt cal preparation, chromun(l]l
2- et hyl hethesat @angaFeaction with an unsaturated hydrocarbon ar
- “:disclosed, including use of pyrrole or derivatives thereof as
' “‘the pyrrolide and an aliphatic as tﬁe"tnsathrated
:hydrocérbon. A new process for preparing a catalyst system
_fﬁcomprises combining a metal source, a pyrrole-containing
-fcdmpound and a metal alkyl without a preliminary reaction
3step_bétﬁeen the metal source and the pyrrole-containing
'zfébmpohpdgin the presence of an electron donor solvent. These
J:catalyst'systems and chromium-containing compounds either
‘{Juhsuppérﬁed or supported on an inorganic oxide support, if
_;_desired functioning as a cocatalyst:inicombination with
".another polymerization catalyst, such as containing chromium
'"6£htit$ﬁium, can be used to trimerize, oligomerize, and/or
--pélymerize olefins.
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i




. . Y Yo4rni-3
20 di ssolved in toluene. Next, 3 equivalents of 2,5- pd

apoS>
di met kyl pyrrole (or hydrogen pyrrolide for Runs 8014- 8017) was added
to tthe solution. The desired anount of hal i de addi t 2 10 | ar
equi val ents) was then added, foll ovvedSH9 ﬁlg"tﬁnﬁhz?fet cﬁ:éﬁa{eéﬂ‘?%’ ipgg
triethylalum num (TEA). The reaction m xture was. -. stirred for 5-10
m nutes and tol uene was renoved under ~ 1 vacuum ~The liquid residue was
diluted to a total volunme of 10 M w th cycl ohexane and an al i quot was
charged to the reactor as the catal yst system 30 The
trinmerization reaction runs were carried out in a 2-liter autoclave
pol yneri zati on reactor cant aini L. ¢ i ters of135@6cyclohexane as the
react or di | ue'rrnt“%H\fGaF%’t“§'§/s‘t°§n‘%v§a “c?%‘r‘vé‘ﬁﬁx%"g He reactor
foll owed by addition of cycl ohexane. The reactor 35 t emperat ure was
brought to-80[err] C. at which point et hyl ene was i ntroduced. The
pressure-was nai ntai ned -at 550 pS|g with ethylene fed on demand. Each
reaction - 62 - was run for 30
m nut es before shutting off ethyl ene, Sanpl es were taken at the end of
the run and anal yzed by gas chromat ography, as described .in other
exanpl es. The results of the Runs and anal yses are 5 gi ven
in Tabl e XXX This invention relates to chromium catalysts

or cocatalysts to trimerize, ollgomerlze and/or
polymerlze olefins. This lnventlon also relates to a
o/ process to trlmerlze, oligomerize and/or polymerlze
S olefins.
Supported chromium oxide catalysts have been
a dominant factor in the production of oclefin polymers,
such as polyétbylene or copolymers of ethylene and
hexene. These{datalysts can be used in a variety of
10 polymerizatiqn”processes. However, most known chromium
compounds muéEhiefsupported to be catalytically active.
Furthermore,fhgst supported chromium compounds are’
useful only forﬁblefin polymerization. If an. olefln
copolymer is desxred, the polymerization process
15 becomes more.pogplex in that two dlfferent monomers
must be fed to the polymerization- reactor.
' Olefln trlmerlzatlon and oligomerization
catalysts are alsc known in the art but usually lack .
selectivity toya?deSLred product ‘and also have a low
20 product yield However, olefin ﬁrimerization and/or
' .oligomerlzation ;

.f done eff1c1ently, is a process to
provide useful'oleflns. These oleflnlc products .can be
further trlmarized, oligomerlzed nd/or, optionally,

25 In ED-A-416 304 there is descr:.bed a chromium-

- o cOntaJ.m.nq comoound--ha.vx.ng the £ ..armulaﬁ )




- 63 - [err] : - 64-
The data i nuﬁ hat the sel ectivity towards 1-hexene
i ncreases:. mnmlm ﬂrﬂ)mr I'<Cl <Br. The tgH m ne cont ai nj %%ddl ti \/1%%6
consisstently. ¢ LhaVe st he hi ghest sel ect i ‘f“&?rs@‘?f’é 1 'P’(S'l'?e{)f
C.L AIM §.-

1. A process to prepare a catalyst systenm compr151n§

combining a metal source, a pyrrole=
a metal alkyl in a mutual solvent wxﬁ

ntalnlng compound and

out a. prellmlnary

- reaction step between the metal source and the pyrrole-
containing compound in the presence_ :
solvent. ' o

_'f;an electron donor

2. - A process according to cIalm 1 _in which an
unsaturated hydrocarbon is also comblned, said unsaturated
hydrocarbon optionally providing the;‘utual solvent said
unsaturated hydrocarbon preferably being an aromatic or
Nt aliphatic hydrocarbon having less than about 70 carbon'
atoms per molecule. | '
3. A process according to claim 2, wherein said
unsaturated hydrocarbon is an aromatlc hydrocarbon having
‘less than about 20 carbon atoms per molecule, for example,
toluene, benzene, xylene, mesitylene, or hexamethylbenzene.
4. A process according to claim 2 or 3, whlch o
: 1ncludes stripping excess unsaturated aromatlc hydrocarbon
from the resulting catalyst system.

5. A process according to claim 2, wherein said
unsaturated hydrocarbon is ethylene. _
6. A process according to any'one of the preceding

claims,. wherein said metal source is- a chromlum, nickel,
cobalt, iron, molybdenum, or copper compound preferably a
chromium compound. -

7. A process according to-any@one of the preceding
claims, wherein said pyrrole-contain.-
or 2,5-dimethylpyrrolide.

| compound is pyrrole

8. A process according to any one of the preceding
.claims, wherein the metal of the’ metal:alkyl is alumlnum,
lithium, magnesium, or zinc. :

‘8, wherein said

metal alkyl is an aluminum alkyl, particularly a trialkyl

‘aluminum compound, such as trietnylﬁ_luﬁinum. N

10. A process according to anygoge of the precfaaﬁiﬁCEM[ka%Wﬁ;
claims, in which a support is incorporated into the "“ﬁ

!
i

9. A process according to cla

This Sheet Has Been Re 12 SEP 1996
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- hexene conpared to the correspondi ng chloride or iodide addi tive.
The |mcreﬁm%ﬂmﬁﬂmn f 1-hexene al so rreans that | ess byproducts
(derr] = err]=) are being . The ratio of
1- hexene t0 interndl Rexénes al so t engyb §Btl4 §§e9 feptamberitPo6

e e

|'<Cl <Br. Thus, the use 10 of halides Jgeads not | GH|y ktp,m)ne Jroguct,  but
a cl eaner trinmer product as well. %The actlgi ty C}i[ ChNoiat al yst
systemincreases in the order |I<<d, Br. Ho : &i&hﬂ%g bet ween
Br and O anal ogues appear to be unpredi ctable. For sone itives
(SnX[err], 1%2takyrRfF Aymrems |S1dd suppoBr prefErael@chéiy an inorganic The
dat-a in Tablexiae(, adudth aBOYA1tEH, EH8ica~aludifdd hfusSEaCCELYdLddO 1-hexene

and activity.f£:3de si3 tgétagj%gﬂ to.catal ystg cont |n| ng, other pyrr.ol es,
as showp. LN fns. 8014 ehéor1a,” alua h2tte best -

corbi nati on HFURHRYR RhOSBRREe, Ph°§§¥’%’é%4 \ﬁltly-CIas Bb@ssnmddua;lu:g.rﬁed [err] or
SnCl [err] assihica-titandki deomotiipivesed HIngvaytitdniaas been shown that the

sel ectivity fIﬁEEiH&d}sﬁQK@iﬁféf%mﬁkﬁo @éfe§&§QuP¥ £{§%e°€b OL?;:ﬁ ﬁrgﬂallde

addi tive toﬁlethyl al.um nu%;és g
sel ectivity TTom ot hef RaPf 22D ’d‘?ﬁt‘?"\/éﬁ’ one of the preceding
Exanpl e | X <laims, which ingludes ﬁdﬁimmgaﬂdepémrda;ngamnggQ§

denonstrate athﬂildi?ﬁﬁesaruﬂﬁﬁhldeabﬁda%ﬁéﬁtﬂectﬁgr oflydrocarbon can be
ITBI‘I zation, Thus, when a

. detrinmental trimeriz
cat al yst sysitéem i s B Lég&saea& °°ﬁd’ﬂ% L é’égh’ée“o'f “heTein Ealdc
hydr ocar bon Balide &?cﬁragld%lbYe%aﬁ?ﬂmpundohaeneg 7 clopmala off ®X.GSS
akomat i c hydﬂmm:bom is me:fngram&d thﬂxd:%%HL&lf@d%il k'Pé“ad i's then

extracted orpiii3Ro! wad o % sol vent . such as, for exanpl e
cycl ohexane gr lh%pt ane. e ile ﬁﬂt B &R ATy (ke b¥ %y theory, it is

bel i eved .

' 13. A process according to claim 12, whereln R is
aluminum, silica, germanium, hydrogen, boron, lithium, t1n,
gallium, indium, lead, or a mixture thereof, preferably
tin, germanium, or a mixture thereof.

14. A process accordzng to any .one of the precedzng
claims, in which the resultlng catalyst system has a
relative ratio of:- . : -

(a) about'l mole of the metal of the metal

source; : :
(b) about .1 to about 15 moles of the pyrrgle-
o containing compound; ’
&gi (c) about 5 to about 40 moles of the metal
alkyl; and, if present,
(d) about:l to about 30 moles of the halide.

15. A process'ebcording to ahy one of the preceding
claims, which is carrled out in the absence of oxygen and
water. _..; .

1s. A process'eccording to any one of the preceding

claims, wherein the metal source and the pyrrole-containing

compound are combined prior to'the addition of the metal

alkyl. '

7. . A process to prepare a catalyst system comprising

reacting a mixture of: :
____* _(a) "a mef;el salt, preferably a chromium salt{; REPLACEMENT SHEEﬂ
X s Sheet Has B (b) pyrrole or a substituted pyrrole; and

lWiwiE —




-~ 65 - ﬁ?f#:lai an: aromatl ¢ hydr ocar bon CH“M}’“H‘H‘““HH!H nononer to
ﬂ

be trjmeri rized, such as mexanpke, ethylene, for
an active st system is b eved .t hat
competitig catal yst systeHR 53@'(4 ?P ‘__‘gi_éfgtemberalgétﬁl
catal yst s 9001- 90 ”er SparediASSBERY g of
chrom un( | et hyl hgxanoat e. di ssol vedl i n tdluaney Next), 0 86 mL
(3.2 nol ar 5d|nethylpyrrole Was™ 10— o the
solution. Then 0.90 niL_ (3. 2 nmol ar equi val ents) of n-butyl bromi de was

added, followed by (c) 7.80 alectRdn rpixr denpr \sxlyens)y afd 939

triethylal grﬂd!#iﬁﬂed, reaa_ﬁﬁ'tdnﬁhhui'ﬁs%mn‘ét géé:ﬁ‘.idcrp%réd&gtmﬂ::ﬂ%? an? tglou;%TEe
was renove uid residue was i ssolved into

of cycl ohexé‘#le; %?m}‘tagggg}dg&%{b f; " diluted to a total volume of 50 mL
with additi ol yE?"EfFﬁéisaﬁ@ pmﬁre( 8)cajalyst gystem| CAURFESIS char ged
al ong with tiesactdegr edmistourd odf: anhydrous degassed tol uene (0, 5, 10
or 15 m) to the reacigy. 2ait of a metallBénds il eRELRNL] €2Cti ON TuNS

were carried l'iter autoclave nerization reactor
cont ai ni ng 1‘5@#@%1’0’?1%'cf&’gﬁ“’e&(a‘ﬁ@nas’“&ﬁ’g’ ofT SoPPEX)|iyent .
Cat al yst system was clfl) geal terailhamidscrod foll owed by addition of

cycl ohexane. The reacy g; 2§, el@eepgﬁ% hea¥Esr Waavehk ; th,ﬁO[ﬁrr] C. at which

poi nt Ie e was ced [ressure was i,hed ~at 550
psig with et%ﬁﬁy ife ’f Eﬂag S'Fg’ ngﬁﬁﬁ%ﬁ?" pr“\‘)bﬁg 8 30 minutes

bef ore shut t%@#%ﬂh?l!‘é*‘&carbm- The total anount of et hyI ene -consuned,
ine., fed, vimm 30 nRaptéesks to prepare a catdliet eyskbs EImpi’ing001-9004
are girven 'rEeacting a mixture of: -
{(a) a metal salt;
(b) a metal amide; and
(c¢) an electron pair donor solvent, and reactlng
the resulting reaction product with an unsaturated
aliphatic hydrocarbon, preferably ethylene.
20. ' A process according to any one of the preceding
claims, which comprises admixing the catalyst system
prepared as a cocatalyst system with a polymerization
cata yst system, said polymerxzatxon catalyst system
preferably comprising a chromium-, titanium-, zirconium=
and/or vanadium~containing catalyst. .
_ 21. . A process to trimerize, oligcmerize or polymerize
i_/ an oclefin compound which comprises carrying out said
' trimerization, oligomerization or polymerization in the
presence of a catalyst system or catelyst/cocatalyst system
prepared by a process according to any one of the preceding
" claims. )
22. A process according te claim 21, wherein said
clefin compound has from about 2 to about 30 carbon atoms
‘per molecule and at least 1 olefinic double bond, said
olefin compound is ethylene, l-butene, l-hexene, 1,3~
butadiene, or a mixture thereof.
23. ., " A process according to claim 21 or 22, in which
~ an unsaturated hydrocarbon is combined to prepare the
catalyst'system but is first introduced during the
trimerization, oligomerization or polymerization process.

Thﬁ Isiiii[ liliili;eenllleﬁawd




Tabl e XXX - 66-

'(I)'z;blcg:;?(;ds; SJEI{!HJ'M“I”"II!/IH!IF ect of Aromati..c .Hydrocar bons

Et Ayl ene” 5 - Tol ueRubstitute shegpnfBeptember 1996
Tol uene Added, After 30 m ns(b), Run Added i
Vol unme % err] g 9001 0 : 0. 00 .
184 9002 5 . 0.42 160 10 9003 10
0. 83 127 9004 15. proeedy 25 . 109
a) Based on total value of reactor dilyent. by iNGHHEAT] st g br

" solfubility of ethylene in 15 cycl ohexane. L L anenThe data in
Tabl e XXXI show that the presence of an aromatic hydrocarben~i.e.,

t ol uene, cpyg_result in a significant decrease in the activity -of the
catal yst system as @eé’ﬁﬂ%ﬁ%wmmw v@@n@yﬁpﬁigg. 20 Thi s decrease is
' ydr ocar boh™

pr opor t i onGSRBUFASedminydtroofa rdHTRld & hy a¥Baght shenhe
reactor. i éed_to Prep_.__are the catalyst sSystem

olefin compound i i -
which is trj . S .
Polymerized. nerized, oligomerized or

This Sheet Has Be
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-67- - C L Al MS 1. A process
to prepare a catal yst system conprising conbi‘ning a netal source

pyrrol e-cont ai ni ng conpound, and a netal i.ch is
a hydrocarbon sel ected from cycl ohexane, g&%k}f‘gﬁe&%&xﬁgep é%

m xtures thereof, and unsaturated hﬁ%@$§x¢? t her eby forgorng a
prelimnary reaction step between t source and the

pyrrol e-contai ni ng conpound in the presence of an el ectron donor sol vent,
wherein said netal source is a chroniunrconpound i ncl udi ng chrom um net al

wherein the pyrrolp§]§ DR 'id)?r&?gg TOKROM um  and
wherein the netal ?he Hgt ? I'S gﬁhnrnunr |%§1 nagnesi um or

zinc. 2. The process of claiml1, in mhlch an, unsat ur at ed
hydr ocar bon i s al so combi ned, said unsaturated hydrocarbon optionally
“providing the mt ughp$b¥Bhts3or modificatidhs BEOGEE: ik sk 07 2,

wherein _the unsatuy rated hydrocarbon 1s an aromatic or aliphatic

hydr ocar B8F HH?Pﬁﬁlpﬂs§hFH§ﬁ“WU°E§FBéﬁlﬁﬁoﬁﬁmﬁePnﬁﬁkeﬁuﬁﬂiés'4f°r
The procegample¢! ehioRivwhpyeroliaed, UBgatuEaiag ahmdikeazeb@f as an

ar omat | cohyShoGa! BaReho BeLES TR £l BALRR RO R ARRC g O
benzene, anyebﬂetrnnspﬁyredQHOUrShéxantbhyubanSmefos example, an The

process ginapy Qﬁd%@h&hgnt #ién %' ﬁhsheﬁku@ea hiErBRhasoRX 4eEs
unsaturated aronmati ¢ igﬂgcarbon romthe_resulting catal yst system 7.

The proc8s€S PsegarﬁPQ 39 WRer efnPYRFRLenox: GREENAtAYES. RSB EPT &S
et hyl eneth8. pyrrolide andhenpaliphatot asythecunbatheapedcedi ng cl ai s,

m@greln ﬁ&?oBXEB Rnngnbggcgggp9$%dp%%g%%gé%l? htal ﬁﬁqs ste

2, 5-di py rro any 0 e‘prec dlng
clarns qmupcnﬁesacemhnnangaakyetaé sonwgehy dr pyyredeacontainimg or Zn

al kyl'. 1@ompound andTQemQ'EQieiikgP. @Fi‘.hgﬁtt Be pPeg 4 RdnRgyC ralaBtioMier ei n
sai d netal al kyl 1s an_al um num
step between the metal source and the pyrrole-contaznlng

compound in the presence of an electron donor solvent. These
catalyst systems and chromium-containing compounds either
unsupported or supported on an inorganic oxide support, if
desired functioning as a cocatalyst in combination with
another polymerization catalyst, such as containing chromium
or titanlum, can be used to trimerize, oligomerize, and/or

polymerlze olefins.
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trlal Kyl
sald tri
68 -

precéding cl ai s,

system
i nor gani
‘sil ated
silica,
quoridﬁ
of any
16,

brom de,
wher ei n
Rl err] X
and the
process
bor on,
The prog
cat al:yst
Cr of th
pyrrol e-

akkyl: o
S0

carried

cI aim 10, wherein sal d AREmD: |
umwm nd. 12. The prde:
m eonpound i s W
triethyl alum num 13.
in which a support

The process
S |ncorp0r_sw

14. The process of- &1 aim 13 -whe ein sai

c oxi'de such as silica, silica-alumna, al uni.na,. fluorided alum naj

al um na, thori a, alum nop al ‘urd’num phOSph g, ! fphat ed g
osphat ed titania;”

gi?silat ed a %@ﬁgﬁoﬁc%ir %ﬁt#}g?%ﬂ%?ggphsggﬂé%%%wg process

neeunde, & ipyroleentiinig chmponmd, wid afmetaicdlhyies aadufuahscdvend whikh sour ce.

2 SRR oA depes g, 1titdtey RS pebnb oo, 15 or 16,

Sthisfdoh) adnad&satﬁrawdqwdﬁﬁﬂrﬂaﬁs ah&rebP GotRsinBaVird featiéh &

err] wherein Ris an organic or Inorganic radical, Xis

shﬂweﬁfn mepmtsl seures andythepymele-cqriainieg corpevnd in the presence of

|um &Jnor%‘ﬁtfaﬁ?u h@-eﬁ% ag#{{%ﬁ oy #9}1{#25 e

a hal i de,

hydrogen'
ora Wref

emsludﬁ;geai;tomnm ofetdl hwhereincthel pygolel-mtamng nomhoumid ddee noesul t | ng
s stem asa relalve ratlgtaf)f about 1 nole -

of e metal ally {5 ahuzainyf HRSRE,

e®

cmmsimgbrmound (c) 5to 40 noles of the netal
nd, if present, . . ,(d) 1 to 30 noles of the halide.
2 The pfg%egqgeﬁsfofaawmohénavhfm@ yrsshEaed AydroswRen IR h i s

| 0t8mbined, said unsaturated hydrocarbon optionally providing the mutual solvent,

3, The process of claim 1 ar 2, wherein the unsaturated hydracarbon is
an aromatic or aliphatic hydrocarbon having less than 70 carbon atoms per mole-
cule,

4, The process of claim 3, wherein said ynsgturated hydrocarbon is an
aromatic hydrocarbon having less than 20 carbon atoms per molecule.

5. The process of claim 3 or 4, wherein the aromatic hydrocarben is
tolyene, bcmzene, xylene, mesitylene, or hexamethylbenzene

6. The process of any of claims 2 to 5, which includes stripping excess |
nusaturated aromatic hydrocarbon from the resulting catalyst system.

7. The process of claim 2 or 3, wherein said unssturated hydrocarbon is
ethylene. '
8, The process of any one of the prccec;ling:--__claims, wherein said

pyrrole-containing compound is pyrrole or 2,5~dimethylpyrrolide.

9. The process of any of the preceding cla.l.mS, wherein said metal alkyl
is a non-hydrolyzed Al, Li, Mg, or Zn alkyl, g

10, - The process of any of the preceding cla:ms wherein said metal alkyl
is an aluminum alkyl, '

11, The process of claim 10, wherein saxd alumnum alleyl is a trialkyl
alpminum compound,

12, The process of claim 11, wherem said trialkyl aluminym compound is
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in the absence of ox[ en and wat er.

ovr o LUK IHlL@lﬂ

. et al
whi ch conprlses

al'kyf .

_ 21, The process of any one
, Wherein the netal source and the
ound are conbined prior to the addition of the

The process of any one of the preceding clains,
adm xing the catal yst system prepared as a cocat al yst

systemw th a polynerization catalyste system 23. The process
“of claim 22, wherein said polynerizatlon catalyst system
-69 - CONp{MRA AnBnigkEnOM um titani um, zirconium, and/or
vanadi ung cont’aining _cataly roocess é@ trinerize,
ol i gonmerf b, or pol Thﬂe?%szﬁﬁa@]’éﬂ‘? ﬁf%rﬁ#ﬁﬁ‘flﬁg‘iiﬁg’-’p%ﬁ" R ARt & ng t he
fol |l ow ngm%x‘:p%?atedmt the catal &9, Preparing a catalyst system by combi ni ng
a nmetal kour rrol e- nt alning conpound, and a netal alkyl in a
mut ual splh4ent whi c'ri‘hesrmedswfm&mmrlﬁomlsmeuéMM@dmﬂSémﬁﬂ@del sobut ane,
hexane, oen ane t.her eof, t her eby
f or goi ng| ¥ ‘I}‘ff E@’%&ﬁmﬁ] %5#\/\%%% tItaéll source and the
pyrrole- 391%311 &wmﬁdum@hbmaﬁr phaphated filien phbﬁﬂmtedmhﬁmnw sol vent,
‘wherein $a |d rretal source |$ chrom @?c Qun ahnCJ udln ch om um rretal
wher ei n, { BRICHaR3, SORTSRIPHAE ﬁ’gkau t i um  and
wher ei n’ { Wal of the nmetal alkyl is alum num I i thi um rragnesi um or
zinc, andg (b) carryi n% out a frinerizati, onerization,
or pol ymedBzati on i FheiREcqsrcafeanyansrotithe Pregeding slamay, sthl E‘S“&F ed from step
(a). 25. déRBus ocess of claim 24, wherein said olefin conpound
has 2 to ?8‘1“‘5 1(1)&?11]L atonms per molecule and at |east 1 olefinic double bond.
26/ The prideasecess of-¢laimml S5vharpinthe halidgiig ashlaridg QFdEpBIssd i s
et hyl ene, % b&)&%«g %wgyrexene 1, 3-but adi ene, O0r a m xture thereof. 27.
The proces y 0 ains 24 to 26, in which an unsaturated hydrocarbon
i s conbi j&d.to prepdfite prheescof akips 15 oy 16 cwherbint saidhdlideds pravideddhyczed
compound having a formula of R, X,, wherein R is an organic or inorganic radical,
X is a halide, and the sum of m plws n is any number greater than 0.
1 18. The process of claim 17, wherein R is aluminum, silicon, germanium, -
hydrogen, boron, lithium, tin, gallivm, indium, léad, or a mixture theyeof.
19. The process of any one of the preceding claims, in which the
| resulting catalyst system has 3 relative ratio of:
(a) about 1 mole Cr of the metal source;
(b) 1 to 15 moles of the pyrrole~-containing compound;
o (c) 5 to 40 moles of the metal alkyl; and, if present,

(d) 1 to 30 moles of the halide,
20. The process of any one of the preceding claims, which is carried out
in the absence of oxygen and virater. -
21, The pracess of any one bf the preceding cleims, wherein the metal
source and the pyrrole-containing compound are combined prior to the addition 6f
the metal alkyl. '
22, The process of any one of the preceding claims, which comprises
admixing the catalyst system prepared ss a cocatalyst system with a polymerization
catalyst system. ' ' |
23

23. ' The process of claim 22,-wherein said polymerization catalyst system
_ . REPLACEMENT ShEH
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duri rrg—rhe trinmeri zat [ on ol i goneri zation, or polynerization process. 28.

The pr I n which the unsaturated hydrocarbon used to
preparﬁ@ﬁﬁm Hﬂ | stem is a unsaturated aliphatic hydrocarbon al so

acting ersn €ompound which is trinerized, oligonerized, or
pol ymeri zed.
-69-
comprises a chromiume, titanium-, zirconium-, and/or v:ihadium-comaining catalyst.
24. A process to trimerize, oligomerize, or polymerize an olefin

compound, the process comprising the following steps:

(a) preparing a catalyst system by comﬁining a metal source, a
pyrrole-containing compound, and a metal alkyl in e_i ﬁu_tual solvent which is a
hydrocarbon selected from cyclohexane, isobutane, hexane, pentane, mixtures
thereof, and unsaturated hydrocarbons, therehy forgéing a preliminary reaction step
between the metal source and ﬂie pyrrole-containing' cbmpound in the presence of
an electron donor solvent, wherein said metal source is 3 chrominm compound
mcludmg chromium metal, wherein the pynole-contmmng compound does not
comprise chromium, and wherein the metal of the metal alkyl is aluminum, lithium,
magnesium, or zine, and '

(o) carrying ont 3 trimerization, oligomerization, or polymerization in
the presence of the catalyst system obtained from step (a).

25. The process of claim 24, wherein said olefin compound has 2 to 30
carbon atoms per molecule and at least 1 olefinic douﬁie bond.

26. The process of claim 25, wherein said-olefin compound is ethylene,
1-butene, 1-hexene, 1,3-butadiene, or a mixture thereof,

27. The process of any of claims 24 to 26, i in which an unsatnraged I
hydrocarbon is combmed to prepare the catalyst EYStem, but ig first infroduced

during the trimerization, oligomerization, or polmmzauon process.

\J |28 The process of claim 27, in which the unsaturated hydrocarben used

to prepare the catalyst system is an ynsaturated alxphatlc hydrocarbon also acting as
the olefin compouynd which is trimerized, ohgomenzg

r polymerized.




