WO 2009/ 071164PCT/ EP2008/ 009495 - 1 Catal yst conposition and process for
preparing |inear al pha-olefins The present invention relates to a catal yst
conposition for oligonerization of ethylene and a process for preparing

i near alp ) by ol igomerization of ethylene. ol efins
havi ng 4 tggzzg(t)@ér Egn atons are key feedstocks in the %Eg@{)"“ %/@n%of
surfactants, plastisizers, synthetic-llubricants and pol yol efins. High
purity alpha-olefins are particularly valuable in the production of

| ow-density pol yethylene and in the oxo process. The linear al pha-olefins
are nore reactive than the branched al pha-ol efins; the branching at the

a- car bon decr eassalyshenipaitionvdrndyprdras firgakparing Windaniatphaedefing, | i near

al pha-ol efins having 6 to 18 carbon atons are particularly useful and

wi dely used in large quantities. Al though linear olefins are the product of
dehydrogenation of Iinear alkanes, the major portion of such products
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| argely on o oner i z h | pha-ol efins are

pr epar e‘%fo‘if?%‘élr gﬂfp%rf‘gt Eg?}éal S’)F{%Mgl ‘58%%??%@ PE%E@F negt hyl ene in the
presence of a Ziegler-type catalyst. Ethylene oligonerization produces a

w de spectrum of LAO pr oduct s havi ng even-nunbered carbon chain lengths. In
recent years riye 1o, YL 8BS ol SF Affac-

met al | oRBRE % fe%n§ \}542i i e ée)rg?mgﬁe%% %gqc%%tggl%ono al pha ol efi ns.
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B?{)Ejlug'ltj 'lfagwbgfh}(ﬁl!}eﬁo CHQF togl o&r)ﬁ%? %} é.'ethgr'l{:and hﬁ)fﬁ gxq%/r%e%s Ulfhgcﬁn%eﬂ asd%?

hexene- Jle@itdar0 Gi@B geaktift ghdnserd Hrimchée al}phmdldﬁbs Ghe obfankching at tlheowcehé:ns idey

ol yet hyl ene ( LLDPE . Th ey fa in eth

gl i éorre‘tyfF%%% ﬁhSHeaFE“%)o&@ﬁF’ab%ge &%f?gé‘gi E%ﬁ% ?\’/l e%]n%lh%vnﬁg ca&l Ze49Bt i on.
Cat al ysire 3R@cREOE 8% ul 6N diddlPiked PA Bygeauantiqeor t ant role in th| s area. US
3,644,563 discloses the use of a honpgeneous organonetal |ie nickel -based
catalyst with ap- propriate bidentate |igands. The ethyl ene oligonerization
is run in polar oxygen-containing sol- vents such as 1,4-butanediol, in
whi ch t henahahystbldfss hieght yrogdadtwblenydtitgetdion eAtingar eltamts. thy drags: poifion of
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obt ai neg; RaEALAINDedylnks process have a high linearity and their
nol ecul ar” wei ghts fol Iyow a Shul z-Flory distribution. The process therefore

has di sadvantages of requiring rather drastic pressure and tenperature
conditions, and of giving a wide distribution of alpha olefins. Hexene-1
sel ect i Vhdsy lihSar alpBLHOLETThS am;ﬂ/epardd&saaall?y&& ﬁ?@atﬂyﬁ@blmrlaatmcﬁlevmeoe sy@;t: em

based on a zir on| um al um n usin ous 2|r cQn C Ior de
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These coREASANEnAERNSTubibeRd cdftdarchan 1afggﬁnlnate<mns [ Ehe@imefe tadpelopobrof
time to formthe active catal yst conp
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ol efins th Iong chain Iengths, with results as fallo wlto/ C6
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which used. e fedeh Vet i§ £NGW0aERUELTANEN cAY3h50RE, Ahadeachiaben a
zi r coni Uhtbase oni ¢ conpl'ex combined with an al Kyl ating organonetallic
conpoundmpdraint exainphie aga. al kyl al um numhal i de whi ch can be advant ageously
used as conponents of a catalyst for the oligonerization of ethylene, for
the selective production of primary linear ol efins having 4, 6 and 8 carbon
atons respectively. Said oligonerization catalysts particularly orjented
t owar ds Ufi X644 88 dfclérexdraist O A BOBCESROLS OGRSt PEIed S2R N St aP-
exanpl e plresprége etk a%epﬂ % Sg{ﬁ@te{ﬁylérﬁes&%%ﬁl'e}{%t%n isTh& 1g'p§%g¥5§-j{f§eﬁg:%m@fmr{ghe%
cat al yst™ i's "si gni |caﬁ ow dctivity. According to some exanple hi gh
Al [ Zr " r athto sgaoasel 4- hauami@@) ini whick thei atadyst is loglele sokubl eHah&'éheeﬁﬂéétf‘?@F‘a@tdé?y
catal yst activity. Further, WO 80/00224 and DE 4338414 al so teach a
catal yst, which includes a zirconium carboxyl ate of the general fornula
(RC0O0) 11Zr C141 and an organoal um num conpound of the formula RAIX3.". The
mai n di sadvant ages of that catalytic systemis the formation of undesired
and probl ematic byproducts such as wax and/ or pol ynmer (polyethylene,
branched and/or cross-Iinked PE) The fornatlon of wax and/or polyners,

o




WO 2009/ 071164PCT/ EP2008/ 009495 3 the entire technol ogi cal process on
produci ng oligoners, since by-products not only Iower the yield of C4-C20
oligoners and its purity, but also reduce the working time of the process
equi pnent, wios®@isas solid polymer accunulating in th@@@gﬁ,ﬁ,g@;(@whas to be
periodically renmoved, which can be dor&te only by interrupting the

ol i goneri zati on process and hence, he expense of lost tinme of the

equi pnent. Anot her di sadvantage of this catal yst systemis the high

cocatal yst/activator consunption. The cat al yst/co catalyst ratio is a key
paranmeter that enables the nodification of the alpha olefin distri but| on in
this ca@aahoys»ﬂlg@ysmemnoT%emhghmeraZtaapy§t<>/atrt9d@at%t|195tc gk 14MEBak 4P 2601 THhe | ow
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fractions. I'mum Fexene-1 selectivity whi can be achi eved by using
this calbal @/Sltulsybtmmtn@um% Tit pocesS therafoB, kﬂagglsg@\ga@ralgg%@f A TG waher s
convertin ethy ne. to li ] yst
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Wi t hin @leassl e@ﬁw@aetaahsd ahd/t%et als and with a chlorine or

br om ne-cont ai ni ng conpound of al um num hydrocarbyl. Although the catal yst
has a good selectivity for the formation of |ight al pha olefins, mainly
C4-C10, the distribution of the product anong these conpounds is too
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one transition netal conpound havi ng the general formula MXn, (OR)4_," or

MX, , (00ER' denagnewrasheissd RS @ paveRh ity caisiegery | | aryl, aral kyl or
cycl oal kyl group, X is chlorine or bromne and mis fromO to 4, and (ii) a
reacti on product of an organoal urri num conpound and a cyclic am de.

Preferably, the transition netal ound is a zirconi um conpoungd. . Mbre
ot or aBtg D30RGI AL Skt b Ui PRod oot AL S BHRY SHB A e e
formul a, ﬁ&pé&lgf: @gyﬁtp@undw@@rr@daﬁlpﬁzad slkMakinundtidia Whichagapl be @lvahtkiydoudy

cycl oal k grou mis an%}rnurrber Wi t hin ‘L]he ran?%ﬂt{lromo to 4. In one
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carbon a represents r or I, nis an er W|th|n the range 1
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preferrga reover erred’is a catal yst conposition wherein the cyclic
am de hasw hhe/ugeﬂea’oadmgtcr sootaur@mps ThigNK/EHgatio (more than 100) is required in ordeér

to have a satisfactory catalyst activity.

Further, WO 80/00224 and DE 4338414 also teach a catalyst, which includes a zirconium car-
boxylate of the general formula (RCOO)nZrClym, and an organoaluminum compound of the for-
mula R,AlX;... The main disadvantages of that catalytic system is the formation of undesired
and problematic byproducts such as wax and/or polymer (polyethylene, branched and/or cross-

linked PE). The formation of wax and/or polymers, even in small amounts, has a bad impact to



WD 2009/ 071164PCT/ EP2008/ 009495 5 wherein x = 1 to 9. It is further
preferred that the cyclic amde is selected from E-caprol actam
2-pyrrolidone, 7- valerolactamand m xtures thereof. Mst preferably, the
cyclic am dg &, 27Ryrrolidone having the fornula: C M‘Ez??} DR )|\s
i ndependent |y sel'ected fromthe group consi sting of hydrogen ﬁ havi ng
froml to 20 carbon atons, aryl haV|n§ from6 to 18 carbon atons aralkyl
having from7 to 14 carbon atonms and het er ocycl yl having from2 to 9 carbon
atons. Mre preferably is R hydrogen. The catal yst conposition may
additionally conprise an el ectron donor conmpound, wherein the electron
donor chepatitadedhsolpgiedleiratsy osepkceiutmg oﬂlgmr's,hfen@rb)upmdmg net oy lofer ghey|

acet at e, cet oacet ate ani s , I

oL Al g e PR s P ] RBF B3 R AR RE url St ALYRLAL b
pref errgeht, in@oi@ﬂ@s %Ibpgélmﬁﬂi acduhﬁx anap dn (h@tdactonf hishe ar gemmimatlalrd:rhcved
transition rretal

nd and the_ el ectron donor froml1l:0,1 to
1:10, nwhigh prdieeto &BW opfpgRieTping ‘E“E)Oggoé“er’z?/&:?“z%b‘*fb%@%ﬁ%ﬁiﬁ’ﬁfﬁiﬁ%‘fﬁ%ws 6
Accor dijpg fiQe tdTethi: NegRHnican Aﬁotﬁérsﬁhs@iv@ﬂit@%&%ﬁ tlﬁl@rcamlj%lﬂaslylstﬂlg isi meaktigh co-
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am de, 1i. lhe reaction product with the organoal um num conpound
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co-cata he new catal yst conposition efforts higher yiel

porti ongempaibtéi etiarly C6 fraction with higher purity of al pha-ol efins. And
at the same tinme wax/polynmer formation in the reactor is significantly
reduced. Thus, the present inventi on describes a cat al yst conposition for
the sel ective preparation of |ight al pha-olefins, - particularly
hexene- WS 5W9% 183 dpicejhesyd enoaesswt JonyerEng ethylens iodinear HPW@O'FS“% Wéh?)Prééfé‘ﬁ?

I nvent | ?ina éaltﬁn)?s ?%!’SH @PP%}?JI&OQI%HTQEOIH]!)&Qd uxm%rdréa\ﬁl@éo Y& R AbkhhlifhiR

desirab range, e.dg. i goners of -Cl o, can be
pr oducedassAddicetalrvall Ikyta s amcwa{sh facubbrding watbrqm@e@amtamy@t cornayps iof ROMIRERI bit s

hi gh acf dodatn RNERLACHELL YLV LA dgtoﬁgawtfv 8t FotEh HorP Ol PLID AL S Of

co- cat al'’¥f Wari prior ar S in or &r to produce |Iinear oligoners
in a gi wemnod-€a0) tae diseibghivn oﬁuhg@rodaeMs theee eraxpqotlyisgeo freaniaad towaiias

formed 9\% rplronanctEct]neofqgu ecn%sls Avc\:llgcln%mg ]:)ftl(ljer éxsam%lcs Ql?eghlgﬁé%g H&Ieh@ 1 seH@t‘nvxty is about
31 wt%, where butene-1 is around 43 wt%. Another disadvantage of the process is the formation
of polymer traces which eventually accumulate in the reactor and prevent a long production run.

Hence another disadvantages of the process is a low activity of the catalyst.

It is therefore an object of the present invention to provide a catalyst composition which over-
comes the drawbacks of the prior art, especially a catalyst composition shall be provided which
can provide equivalent or even greater catalytic activity and increases the selectivity of the hex-

ene-1 fraction.

Additionally, a process for preparing linear alpha-olefins by oligomerization of ethylene shall be

provided.



The catal yst conposition used in the production of linear alpha-olefins is
preferably utilized in an inert organic solvent. The exanples of suitable
organi ¢ sol vents include aromati ¢ hydrocarbon sol vents, unsubstituted or
substi t ut eqoybdp-h@k 0gens, such as tol uene, benzene, XxyLeRE oERbREObENZENE,
di chl orobenzene, chl orotol uene and the %ike, al i phatic para fln

hydr ocar bons, such as pentane, hexane, heptane, octane, nonane, decane and
the like, alicyclic hydrocarbon conpounds, such as cycl ohexane,

decahydr onapht hal ene and the |ike, hal ogenated al kanes, such as

di chl or oet hane, dichlorobutane and the Iike. A m xture of solvents may be
used to Eemfirbpbiediés prhinyad by arrslabstrarpardiogier Ge olieemerizabon poethyeng. gom-

maxi mum sel. AV ; i i . t ;
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used w t elut cyalyareldect ron donor for the selective oligonerization of
ethylene to C4-Ci o-al pha-ol efins. However, it was surprisingly found that
the addition of the electron donor to the catal yst conposition can further
increase the catalyst activity at |east by 10% wi t hout effecting hexene-1
sel ect i vPieferabThehectoansigipaimesal colbpoung it heirqosrot ¢arpopndduct of t he

or ganoal um num conpound and the cyclic am de, was very surprisingly found
to be useful for selective ethylene oligonerization towards C4-Cl0 fraction
with high selectivity of hexene-1. Additional features and advantages of

t he presdlere prjesnhly.ofewkirqonar sarmpaysatsentzitpyhmt prsbdgldtoiarige dbe dpinade
descri pt} fer : Lipgn hthor I :

Bxpor i TEnt S CERg T et P ey PR Qe SRR L SR BB R i any

at mos phemanbies iwigjinghe Fege omlGeald. t echni ques or nitrogen filled gl ove box.

Ni trogen and tol uene were supplied froma plant source and were dried by an
addi tional bed of nol ecul ar sieves, if necessary. EXAVMPLES: The synthesis
of zirconium carboxyl ates are perfornmed by known nethods. A conponent A

(zi r coni nPecaeBbdingtie the REzaseHpO et cENpa sk ehe isperalhnforaglaii#I¥ol ar

rati o of f abaulin R QedredeRis BNy Jrob@ haliRE SroRY BILIR0LYon 4 @? 1D 1
to about B3> WO 2009/ cg%'ile_stipcﬁﬁ Y Rt G %ﬁ?#ﬁ)
al um nuntt B or 1. des arpEA@)beandhia thotangne<gect Ut i on of conponent D (2-
pyrrolidone) were mxed with nolar ratio of about CD = 1: (0.1-1), nore

preferably C:.D = 1: (0.1-0.5). The toluene solution of 2-pyrrolidone was
added slowy dropwi se (exothermc reaction) to the diethyl alum num

|
chl ori dePigferdly. dhe erpgeedupmesiseareroand 1§ AlCads)prakehCeHob, ARGl or mix-

at nosphe i : i i i of ethyl ene was perforned as
&ngmﬁaﬁpgﬁﬂ&nAGbkggﬁﬁfkéﬁ%%ﬁgh (conponent A and B, reaction

foll ows: The prepared catal yst s
product of C and D) is charged into a 2 liter stainless steel reactor.

Et hyl ene was introduced into the reactor until the desired pressure was

at t ai nedn@pgdvemiatatned chhlyuahiskitbRentRaChE eftlidtanfidiehd @S Jeftaf STPGFAL Ur e.
I ntroduction of ethylene was continued in an anount necessary to maintain
the reaction pressure. After the reaction was continued for 1 hour with

mai ntai ning the reaction conditions, the ethylene feeding is interrupted
and the reaction was stopped by the addition of about 20 m of ethanol.
After bringing the tenpeﬂgture of the reaction mxture to 10C, a sanple of
t he sol uti on was collectdm, by neans of a valve situated at the bottom of
the reactor and anal yzed @y gas chronmat ography to determine the quantity
and the type of olefins”fo d. After elimnating the overpressure of

et hyl ene, the red€itds)was op@IHd and exami ned for any possible polyneric
products. \ !
CH>



The foll ow ng exanples are given to illustrate the scope of the invention.
As will be apparent to those skilled in the art, nunerous variations are
possi bl e and thus the scope of the invention should not be limted thereto.
The result rized in Table 1 & 2. Exanple 1. gne was

pl aced in gwggﬁmﬁﬁq?gund bottom fl ask and 0.24 mol ng?gm%%ﬁ%@%

prem xed with ani sol e havi ng nol ar rati® to 1:0.75 was added to the fl ask.
Then a new co- WD 2009/ 071164PCT/ EP2008/ 009495 9 cat al yst sol uti on havi ng
nolar ratio of conmponents CID = 1:0.15 was added to the m xture. The nol ar
ratio of Al/Zr was 20. The catal yst solution thus forned was then

t r ansf er wedeinmdel todd.st ream of inert gas to the reactor. A reaction was
conducted at 70C and 30 bar ethylene pressure. The oligonerization tine was
60 mnutes. 269 g of LAO are formed; a yield of 12294 g LAO g Zr. No wax or
pol yner was fornmed. Exanple 2. 200 nml toluene was placed in a 250 m round
bot t om f Itas kurthad p@i@rednthed thZreyglic @BidPAoGyLctpd divinx edamiotahtagmilepirslidens mg

nmol ar r gd to the flask. Then a new co-catal yst
SO|UtIOﬁ&a§gg8ﬁﬁ gdﬁéx gﬂ%ggﬁure with nolar ratio conponents C.D = 1:0. 25.
The nolar ratio of Al/Zr was 20. The catal yst solution thus forned was then
transferred under a streamof inert gas to a reactor. A reaction was
conducte t T igonerization tinme was
0 i mut ge PSS R A B R R e @ PR 5% 21 “No wax or
pol ymer was forned Example 3. 200 m toluene was placed in a 250 m round
bottom flask and 0.24 mmol Zr (i-C3H7C00)4 prem xed with ani sole having
nolar ratio to 1:0.75 was added to the flask. Then a new co-cat al yst

sol ution was added to the mixture with nolar ratio conponents C:D = 1:0. 25.
The nolar ratio of Al/Zr was 20. %ﬁecea%a#ys(;solution thus forned was then
transferred under a stream of ineft gas to e@actor. A reaction was
conducted at 90C and 37 bar ethyleneipressu e. The oligonerization tine was
60 m nutes. 155 g of LAO was forned; 'a yield_of 7084 g LAOg Zr. No wax or
pol yner was fornmed. WO 2009/071163Ffﬁ%ﬁ?2008/009495 - 10 - Exanple 4. 200
m toluene was placed in a 250 mM round pottom flask and 0.24 mol Zr

(i -C3H7C00) 4 premi xed with anisole having nolar ratio to 1:0.75 was added
to the flask. Then a new co-catal yst solution was added to the m xture with
nolar ratio conponents C.:D = 1:0.17. The nolar ratio of A/Zr was 40. The
catal yst solution thus forned was then transferred under a stream of inert
gas to a reactor. A reaction was conducted at 60C and 30 bar ethyl ene

pr essur ewheTia Roisiigfsperdentyt sabertad ingm wWepsgre@p ernpigtizssofl Hy2epggn.ofikyll Adving§ofmolr ned;

a yield t%b()%%%%n%t&nﬁ%@lag/l %Evingk?ro\qp%( 1Ph8 Qﬁ‘nymgm%%lliﬂ rhg%gg from 7 to 14 carbon

atoms and heterocyclyl having from 2 to 9 carbon atoms. More preferably is R hydrogen.

The catalyst composition may additionally comprise an electron donor compound, wherein the
electron donor compound is preferably selected from the group consisting of ethyl acetate, ethyl
acetoacetate, ethyl benzoate, anisole, tetrahydrofuran, 1,2-dioxane, thiophen and mixtures

thereof, wherein anisole is most preferred.

In one embodiment, the molar ratio of the organometallic transition metal compound and the

electron donor compound is from 1:0,1 to 1:10, more preferably from 1:0,1 to 1:2.

In another embodiment, the molar ratio of the organoaluminum compound and the cyclic amide

is 1:(0.1-1), more preferably 1:(0.1-0.5).



Example 5. 200 ml toluene was placed in a 250 m round bottom fl ask and
0.24 mmol Zr (i-C3H7C00)4 was added to the flask. No anisole was used this
time. Then a new co-catal yst solution was added to the m xture with nol ar

ratio of c¢ C.D = 1:0.15. The nolar ratio of . The
QPRGN 1%#1 Ab £ p RS 000 s

catal yst solution thus fornmed was then ({ransferred under a stream of inert
gas to a reactor. A reaction was conducted at 70C and 30 bar ethyl ene
pressure. The oligonerization time was 60 mnutes. 210 g of LAO was forned;
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hi gh amount of wax was fornmed which could not be correctly anal ysed by GC.
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produced.

Additionally, it was found that the catalyst composition exhibits high activity and productivity
and requires relatively smaller amounts of co-catalyst than prior art catalysts in order to produce
linear oligomers in a given molecular weight range. Besides no wax/polymer formation was

formed during the process which efforts a long production run.

The catalyst composition used in the production of linear alpha-olefins is preferably utilized in
an inert organic solvent. The examples of suitable organic solvents include aromatic hydrocarbon
solvents, unsubstituted or substituted with halogens, such as toluene, benzene, xylene,
chlorobenzene, dichlorobenzene, chlorotoluene and the like, aliphatic paraffin hydrocarbons,
such as pentane, hexane, heptane, octane, nonane, decane and the like, alicyclic hydrocarbon
compounds, such as cyclohexane, decahydronaphthalene and the like, halogenated alkanes, such
as dichloroethane, dichlorobutane and the like. A mixture of solvents may be used to control the
products molecular weight distribution to obtain maximum selectivity to the desired olefin

products.
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In order to simplify the process of ethylene oligomerization, the organometallic transition metal
compound and the optional electron donor can be mixed and kept for at least one year without
any changes. Of course, the organometallic transition metal compound can be used without any
electron donor for the selective oligomerization of ethylene to C4-Cip-alpha-olefins. However, it
was surprisingly found that the addition of the electron donor to the catalyst composition can

further increase the catalyst activity at least by 10% without effecting hexene-1 selectivity.

The co-catalyst, being the reaction product of the organoaluminum compound and the cyclic
amide, was very surprisingly found to be useful for selective ethylene oligomerization towards

C4-Cyq fraction with high selectivity of hexene-1.

Additional features and advantages of the present invention will become apparent from the

following detailed description of preferred embodiments with regard to the examples.

Experimental conditions:

All materials were handled in a nitrogen atmosphere using either schlenk techniques or nitrogen
filled glove box. Nitrogen and toluene were supplied from a plant source and were dried by an

additional bed of molecular sieves, if necessary.

EXAMPLES:

The synthesis of zirconium carboxylates are performed by known methods.

A component A (zirconium carboxylate) and component B (anisole) were mixed with molar ratio

of from about 1:0.1 to about 1:10, more preferably from about 1:0.1 to about 1:2.
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A component C (diethyl aluminum chloride, DEAC) and a toluene solution of component D (2-
pyrrolidone) were mixed with molar ratio of about C:D = 1: (0.1-1), more preferably C:D = 1:
(0.1-0.5). The toluene solution of 2-pyrrolidone was added slowly dropwise (exothermic reac-
tion) to the diethyl aluminum chloride under a reduced pressure and in the presence of an inert

atmosphere (nitrogen).

Oligomerization of ethylene was performed as follows:

The prepared catalyst solution (component A and B, reaction product of C and D) is charged into
a 2 liter stainless steel reactor. Ethylene was introduced into the reactor until the desired pressure
was attained and maintained throughout the reaction at the desired temperature. Introduction of
ethylene was continued in an amount necessary to maintain the reaction pressure. After the reac-
tion was continued for 1 hour with maintaining the reaction conditions, the ethylene feeding is
interrupted and the reaction was stopped by the addition of about 20 ml of ethanol. After bring-
ing the temperature of the reaction mixture to 10°C, a sample of the solution was collected, by
means of a valve situated at the bottom of the reactor and analyzed by gas chromatography to
determine the quantity and the type of olefins formed. After eliminating the overpressure of eth-

ylene, the reactor was opened and examined for any possible polymeric products.

The following examples are given to illustrate the scope of the invention. As will be apparent to
those skilled in the art, numerous variations are possible and thus the scope of the invention

should not be limited thereto.

The results are summarized in Table 1 & 2.

Example 1.

200 ml toluene was placed in a 250 ml round bottom flask and 0.24 mmol Zr (i-C3H,COO),

premixed with anisole having molar ratio to 1:0.75 was added to the flask. Then a new co-
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catalyst solution having molar ratio of components C/D = 1:0.15 was added to the mixture. The
molar ratio of Al/Zr was 20. The catalyst solution thus formed was then transferred under a
stream of inert gas to the reactor. A reaction was conducted at 70°C and 30 bar ethylene pres-
sure. The oligomerization time was 60 minutes. 269 g of LAO are formed; a yield of 12294 g

LAO/g Zr. No wax or polymer was formed.

Example 2.

200 ml toluene was placed in a 250 ml round bottom flask and 0.24 mmol Zr (i-C;H;COO)4
premixed with anisole having molar ratio to 1:0.75 was added to the flask. Then a new co-
catalyst solution was added to the mixture with molar ratio components C:D = 1:0.25. The molar
ratio of Al/Zr was 20. The catalyst solution thus formed was then transferred under a stream of
inert gas to a reactor. A reaction was conducted at 70°C and 30 bar ethylene pressure. The oli-
gomerization time was 60 minutes. 122 g of LAO was formed; a yield of 5575 g LAO/g Zr. No

wax or polymer was formed.

Example 3.

200 ml toluene was placed in a 250 ml round bottom flask and 0.24 mmol Zr (i-C;H,COO)4
premixed with anisole having molar ratio to 1:0.75 was added to the flask. Then a new co-
catalyst solution was added to the mixture with molar ratio components C:D = 1:0.25. The molar
ratio of Al/Zr was 20. The catalyst solution thus formed was then transferred under a stream of
inert gas to a reactor. A reaction was conducted at 90°C and 37 bar ethylene pressure. The oli-
gomerization time was 60 minutes. 155 g of LAO was formed; a yield of 7084 g LAO/g Zr. No

wax or polymer was formed.
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Example 4.

200 ml toluene was placed in a 250 ml round bottom flask and 0.24 mmol Zr (i-C3H;COO)4
premixed with anisole having molar ratio to 1:0.75 was added to the flask. Then a new co-
catalyst solution was added to the mixture with molar ratio components C:D = 1:0.17. The molar
ratio of Al/Zr was 40. The catalyst solution thus formed was then transferred under a stream of
inert gas to a reactor. A reaction was conducted at 60°C and 30 bar ethylene pressure. The oli-
gomerization time was 60 minutes. 129 g of LAO was formed; a yield of 5895 g LAO/g Zr. No

wax or polymer was formed.

Example 5.

200 ml toluene was placed in a 250 ml round bottom flask and 0.24 mmol Zr (i-C3H;COO)4 was
added to the flask. No anisole was used this time. Then a new co-catalyst solution was added to
the mixture with molar ratio of components C:D = 1:0.15. The molar ratio of Al/Zr was 20. The
catalyst solution thus formed was then transferred under a stream of inert gas to a reactor. A re-
action was conducted at 70°C and 30 bar ethylene pressure. The oligomerization time was 60
minutes. 210 g of LAO was formed; a yield of 9597 g LAO/g Zr. No wax or polymer was

formed.

Example 6. (Comparative)

200 ml toluene, 0.25 mmol of Zr(i-C3H;COO)4 and neat diethyl aluminum chloride (DEAC)
(Al/Zr = 40) were mixed in a 250 ml round bottom flask. The catalyst solution thus formed was
then transferred under a stream of inert gas to a reactor. Reaction was conducted at 60°C and 30
bar ethylene pressure. Oligomerization time is 60 minutes. 370 g of LAO and 0.3 g of byproduct
polyethylene was formed; a yield of 16228 g LAO / g Zr. A high amount of wax was formed

which could not be correctly analysed by GC.
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Example 7. (Comparative)

200 m! toluene, 0.25 mmol of Zr(i-C3H;COO), and neat ethyl aluminum sesquichloride (EASC)
(Al/Zr = 35) were mixed in a 250 ml round bottom flask. The catalyst solution thus formed was
then transferred under a stream of inert gas to the reactor. The reaction was conducted at 80°C
and 30 bar ethylene pressure. Oligomerization time was 60 minutes. 213 g of LAO was formed;

a yield of LAO 9342 g/ g Zr. Traces of solid polymer were observed.

Example 8. (Comparative)

The same procedure as in Example 7 was repeated, except that Al/Zr = 17.5. Reaction was con-
ducted at 80°C and 30 bar ethylene pressure. Oligomerization time was 60 minutes. 460 g of
LAO and 0.2 g of byproduct polyethylene are formed; a yield of 20175 g LAO / g Zr. A high

amount of wax was formed which could not be correctly analysed by GC.

Table 1. Summary of the Oligomerization Experiments

Examples Distribution of alpha olefins (wt%)
C4 Cé C8 Cl10 Ci2-Cl18 C20+

Examplel 34.1 403 13.5 6 6 0.1
Example2 36 48.2 10.3 3 24 0.1
Example3 25.9 48.6 14.6 5.5 S 0.4
Exampled 22.6 57.8 133 3.7 24 0.2
Example$ 22 41.8 16.6 8.1 10.2 1.3
Example6{comparative) 28.5 12.3 13.5 13.4 20.2 12.1
Example7 (comparative) 34.9 18.5 15.8 11.6 17.1 2.1
Example8 (comparative) 13.8 10.4 10.8 12.1 39 13.9

Table 2. Summary of the Oligomerization Experiments
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Examples Purity of LAO fractions (%)
C4 C6 C8 C10 C12

Examplel 99.5 98.1 98.7 91.7 90.8

Example2 99.4 98.9 975 923 91.2

Example3 99.9 98.5 98.5 91.1 90.5

Exampled 98.2 97.8 98 91 90.8

Example5 99.1 97.3 98.5 91 90.5

Example6(comparative) 97.3 93.2 92.5 86.3 85.8

Example7 {comparative) 98.2 96.1 95 88.2 86

Example8 (comparative) 98.1 97.1 94.8 91.1 90.5

As can be taken from Tables I and 2, the oligomerization experiments according to the examples
of the present invention result in an improved distribution of alpha-olefins (weight percent) with
a high amount of C¢. Additionally, the purity of the LAO fractions is significantly improved

compared to the results of the comparative examples.

The features disclosed in the foregoing description and in the claims may, both separately and in

any combination thereof, be material for realizing the invention in diverse forms thereof.



96.1 95 88.2 86 Exanple8 (conparative), 98.1 97.1 94.8 91.1 90.5 As can be
traken from Tables 1 and 2, the oligoietization experinents according to the
exanpl es of the present invention result in an inproved distribution of

al pha-ol efins (wei ght percent) mﬁthgﬁﬂg{gh amount of C6. Additionally, the
purity of the LAO fractions is sign tly inproved conpared to the
results of the conparative exanples. The features disclosed in the
foregoi ng description and in the clainms may, both separately and in any
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of ethylene, conprising: (i) at |east one transition netal conpound havi ng
the general formula MXm (OR )4, or MX400CR )4 _, wherein R is an al kyl,

al kenyl, aryl, aral k?/l or c%/cl oal kyl qroup, X is chlorine or bromne and m
is fromO to Q) andt Ieast one fr tal compound having the general formula MX,,

ansition me
(OR’)4.m or MX(n(OOCR)4.rs, wherein R’ is an alkyl, alkenyl, aryl, aralkyl

or cycloalkyl group, X is chlorine or bromine and m is from 0 to 4; and

(i)  a reaction product of an organoaluminum compound and a cyclic amide,

wherein the cyclic amide has the general structure

0
I
(CH2) WH
N/
CH>

whereinx =110 9.

2. Catalyst composition according to claim 1, wherein the transition metal compound is a

zirconium compound.

3. Catalyst composition according to claim 2, wherein the zirconium compound is a zir-
conium carboxylate having the formula (RZCOO)erCl4-m, wherein R? is an alkyl, al-
kenyl, aryl, aralkyl or cycloalkyl group, and m is any number within the range 0 <m <
4.

4. Catalyst composition according to any of the preceding claims, wherein the or-

ganoaluminum compound has the general formula R',AlX3., or Al,X3R';, wherein R}



(i1) a reaction product of an organoal um num conpound and a cyclic am de,
wherein the cyclic am de has the general structure wherein x =1 to 9. 2.
Cat al yst conposition according to claim1l, wherein the transition netal
conpound is a zirconium conpound. 3. Cdtal yst conmposition according to
claim2, wherein the zirconiumconpound is a zirconium carboxyl ate havi ng
the formula (R2C00),, ZrCl4,, wherein R2 is an alkyl, alkenyl, aryl, aralkyl
or cycloal kyl group, and mis any nunber within the range 0 <m< 4. 4.
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wherein RL 7Y% ?revg % etrgn%% group having from1 to 20 carbon
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conprising an el ectron donor conpound selected fromthe group consi sting of
ethyl acgt t [ )
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wherein the nolar ratio of the organonetallic transition netal conpound and
the el ectron donor conpound is from1:0,1 to 1:10, nore preferably from
1:0,1 toy1: C -Tedofolrle 1he R g
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cyclic am denipsisfngom &l.e(:tﬁ)rﬂ.dal)qr contipupd eélemblfyonl thé giloud. cﬁ)hsmﬂiﬁ)g oPrdsgss
for preparing |line ha- ol ef i y oligonerization of ethylene in the
presence ofacgtﬁ eor‘égﬂl 8“56%‘78’?& S‘Eéﬂ g’e%&aéff y &Sl micsEahy ﬁ”ra\?\mér%&lﬁxﬁ%
catal yst copp@fédd £ koA RBRAGAREGh 38isbR i8MbsHrefci@aPr €cedi ng cl ai ns.

8. Catalyst composition according to claim 7, wherein the molar ratio of the
organometallic transition metal compound and the electron donor compound is from

1:0,1 to 1:10, more preferably from 1:0,1 to 1:2.

9. Catalyst composition according to any of the preceding claims, wherein the molar ratio
of the organoaluminum compound and the cyclic amide is from 1:(0.1-1), more

preferably 1:(0.1-0.5).

10. Process for preparing linear alpha-olefins by oligomerization of ethylene in the
presence of an organic solvent and a catalyst composition, wherein the catalyst

composition is anyone according to any of the preceding claims.



