Cat al yst conposition and process for preparing |inear
al pha-ol efins The present invention relates to a

W@ adoaloysib4 conposi tion for oligonerization of epbyERI®S/009495
and a process for preparing inear alpha-olefins by
ol i gonerization of ethylene. Linear alpha-olefins
having 4 to 20 carbon atons are key feedstocks in the
production of surfac tants, plastisizers, synthetic

| ow-density polyethylene and in the oxo process. The
| i near al phaolefins are nore reactive than the
branched al pha-ol efins; the branching at the a-carbon
The pre{%_@ntciheéiﬁlﬁﬁlhidkﬁlesf ?ﬁatdaﬁilysy cdmpssitionlfby oligomeriasion exfaatbiylene and a
I near a a-olefins having 6 tq 18 carhon a
processyfai mrrewirwf) lineap alpharolefiy %@épmegéaék%niq} eﬁﬁ’r‘?j’&t' o are
quantities. Although linear olefins are the product of

dehydr ogenati on of |inear al kanes, the major portion
of such products consists of the internal ol efins.

Linear #pkpalefing baviog 4atb Pacadhasr ators ars keysfeedstapkydn {hegroduction of surfac-
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Ziegler-type catal yst. Ethyl ene ol.igonerijzati.on
olefins groeace seagtixg dhans ﬁ@cbf@ﬁh%‘? alehﬁok?flég;u@n‘gsbrﬁ%?ﬂlﬂ% at the a-carbon de-

creaseset‘%ee Peé&yvq‘g'eér%gtg%ﬁgbﬂﬂhmg&dl ARGk ngha-lorl‘eﬁrﬁq{%lmngY@% B8 carbon atoms
the driv 0 devel op nore& advanced pol yet hyl enes usi ng
are particilalyl @e@nendatidtly sised hdsrgemgentéiesr a demands on

co- nononer al pha ol efins. Co-nononmers are used in

pol yethyl ene to control density and enhance particul ar

physi cal properties. Butene-1 and hexene-1 are used in

AlthoufBnddk QMR R the prétugho @ ifogeRnioneif hiypkareleaneRREmajor portion of
co-pol ymers. Butene-1, hexene-1 and octene-%jgre, sed
such piodu¢th €opsigig @cftth@mntgfnal pledigp. Preparation of alpha-olefins 1s%ased largely on

oligomerization of ethylene.

These linear alpha-olefins are prepared usually by the catalytic oligomerization of ethylene in the
presence of a Ziegler-type catalyst. Ethylene oligomerization produces a wide spectrum of LAO
products having even-numbered carbon chain lengths. In recent years the drive to develop more
advanced polyethylenes using metallocene catalysts has made extra demands on co-monomer
alpha olefins. Co-monomers are used in polyethylene to control density and enhance particular
physical properties. Butene-1 and hexene-1 are used in the production of high density polyethyl-
ene (HDPE) co-polymers. Butene-1, hexene-1 and octene-1 are used in the production of linear
low density polyethylene (LLDPE) co-polymers. The key factor in ethylene oligomerization is
to get the desired selectivity and product distribution. Catalyst and process conditions play an

important role in this area.

US 3,644,563 discloses the use of a homogeneous organometallic nickel-based catalyst with ap-
propriate bidentate ligands. The ethylene oligomerization is run in polar oxygen-containing sol-

vents such as 1,4-butanediol, in which the catalyst is highly soluble but the end product hydro-



| ow density pol yethylene (LLDPE) co-polyners. The key
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and process conditions playsan inportant role in this
area. US 3, 644,563 dlscloses the use of a honbgeneous
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s 4783 3T AR6ien S £ Ty SO BRSO ARy By coppplgysin anby-
drous zﬁ@&rﬁﬁh%l%dé"wﬁh%rﬁﬁm essquichlokiat iade teMy! hlugtihyth in dry benzene
alumnumin dry benzene solvent. These conponents are

solventsTlnaSc edmlpnms ale stirtgdrindenes piger atowphers Qisr pawgrigd of time to form

the actlgﬁj 8%talylst e e)& hﬁgpéﬁ% 'n\é§§ é@%eﬁi}la She Sﬁgysﬁérgs&mlﬁ? he Exembc?erator Ex-
amples dfBligSmefiza?lon GO MRt ahd o MPa]thﬁﬁHd autdn3ir¢ bifPzene ashowenh ability to

manufagiupsnelpbs Biefing i IRne GHn e, MR o NoV S T 44 e, C6 -
15.1 wtfé&‘so""ﬁg o%%, %1”0 8% Wt %0 819, €501 -Wa% w98 and l\fhxo- Ms%t% The dis-

C20+ - 14.2 wt% and wax - 1.
advantagt ¥f thhprodess iadJawtsalpetivity bh hglpraip}es@leﬁs fractions (partlcularly hexene-

| ect t I, |
AR R PP S e ogoss o o
ess is b@r#zgne g\?lgégxtdseﬁ‘ al IPSERLY kRowhiBReRI0gA0T her di sadvant age

WO 03/050126 Al describes a zirconium based sulfonic complex combined with an alkylating
organometallic compound, for example an alkylaluminumhalide which can be advantageously
used as components of a catalyst for the oligomerization of ethylene, for the selective production
of primary linear olefins having 4, 6 and 8 carbon atoms respectively. Said oligomerization cata-
lysts particularly oriented towards mixtures of hexene-1 and octene-1 with selectivities in best
example is 39 wt% and 25.9 wt%, respectively. The disadvantage of the catalyst is significantly
low activity. According to some examples, high Al/Zr ratio (more than 100) is required in order

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)mZrCls.m and an organoaluminum compound of the for-
mula R,AlX3... 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



ess is benzene which used as a solvent is known
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the productivines Hutene-1. According to the examples the highest hexene-1 selectivity 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.



nodi fication of the alpha olefin distribution in this
catal yst system The high catal yst/co-catalyst ratio
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the expense of making branched_ Cl0+ fractions. The

maxi mum hexene-1 sel ectivity which can be achi eved by

using this catalyst sys temis -18 % US 5, 496, 783

describes a process for converting ethylene to linear

al pha olefins in the presence of a catalyst conslstlng
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conposition shall be provid can pfovid
numberquithia [tleentange freehtagt.eat er catalytlc activity and
i ncreases the selectivity of the hex ene-1 fraction.
Addi tionally, a process for preparing linear
al pha-ol efins by oligonerization of ethylene shall be
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sitign for the ol |gonerization of ethylene, com
Alngﬁ 3, W %eretm ?{ represents an alk% group ﬁavmg IProm 1 to 23 carbon atoms, X represents

Cl, Br or I, n is any number within the range 1 <n < 2.

Preferably, the organoaluminum compound is Al(C;Hs)s, AlL,Cl3(CyHs)3, AICI(C;Hs), or mix-
tures thereof, wherein AICI(C,Hs), is preferred.

Moreover preferred is a catalyst composition wherein the cyclic amide has the general structure

O
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(CH») 7 \NH



prising: (i) at |east one transition netal conpound
havi ng the general formula MXm (OR ) 4-m or MXn{ OOCR )
wd2m/omesein R is an al kyl, al kenyl, aryl, ar&i/Epi008009495
cycl oal kyl group, X is chloriqe or bromne and mis
fromO to 4; and (ii) a reaction product of an
or ganoal um num conpound and a cyclic am de.
Preferably, the transition nmetal conpound is a
zi rconi um conpound. Mre preferably, the zirconium
wheregpnpdund.i s a zirconi um carboxyl ate having the fornul a
(RRCOO)nZrd 4-m wherein R2 is al kyl, al kenyl, aryl,
aral kyl or cycl oal kyl group, and mis any nunber
within the range fromO to 4. In one enbodi nent, the
It is forthanmaferrdadnthm denpaliocanhids i$ kelegeddraah efaapmlhaaiR] 2-pyrrolidone, v-
nAl X3-11 or A 12X3R ' 3 J wherein Rl represents an
valero Cmag‘%%’ﬁu’f?é\} #E% rom 1 to 20 carbon atons, X
represents Cl, Br or I, n is any nunber within the
range 1 < n < 2. Preferably, the organoal um num
conpound is AL(C2H5)3, Al 2C 3(C2Hs) 3, AlCl&CZHS)Z or
Most pricferably.dbe eydiceaside whepuirpliggneihavingthy formyilasy ef er r ed.
Moreover preferred is a catal yst conposition wherein
the cyclic am de has the general structure tiC\ (OH)
NH CH2wherein x 1 to 9.

R\c C/R
R \R
R—__

R/c\ /c_o

wherein R is independently selected from the group consisting of hydrogen, alkyl having from 1
to 20 carbon atoms, aryl having from 6 to 18 carbon atoms aralkyl having 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).



It is further preferred that the cyclic amde is
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the cyclic amde is 2-pyrroLQ?gne havi ng the fornmul a:
wherein R is independently selected fromthe group
consi sting of hydrogen, alkyl having from1l to 20
carbon atons, aryl having from6 to 18 carbon atons
ar al kyl haV|ng from7 to 14 carbon atons and
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With zgr{og%idqgggq%}/fgg gi,gﬁprelre;#gllé\)\//eqtloé Yl\@aq%éf ;g‘ggql}::g % high linearity of
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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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the sane time wax/polymer forymation in the reactor is
significantly reduced. Thus, the present invention
descri bes a catal yst conposition for the selective
preparation of |ight al pha-olefins, C4-G 0,
particularly hexene-1, with a high yield. Wth the
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the products nol ecul ar wei ght distribution to obtain
maxi mum sel ectivity to the desired olefin

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.



products.In order to sinplify the process of ethyl ene

ol i goneri zati on, the organonetallic transition netal
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and kept for at |east one yeg _w thout any changes.

course, the organonetallic transition netal conpound

can be used w thout any el ectron donor for the

sel ective oligonerization of ethylene to

C4- G o-al pha-ol efins. However, it was surprisingly
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mnmmﬁﬁﬁgﬁhh¥§mnth hi gh selectivity of hexene-1. Additiona

features and advantages of the present invention wll
becone apparent fromthe follow ng detailed

escr. f preferred iments with regard to
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were handled in a nltrogen at nosphere using either
schl enk techniques or nitrogen filled gl ove box.

Ni t rggen and tolu ne were su ied from 0
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tion wa§ cam@tied for 1 AotP WRN@BAIntfning itk Feabticl boRdMioRsS MeOdthPlene feeding is
DEAC) and a tol uene solution of conmponent D (2

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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dropwi se (exotherm c reac ti.an) to the diethyl

al um num chl ori de under a reduced pressure and in the

presence of an inert atnosphere (nitrogen).

A igonerization of ethylene was perforned as fol |l ows:
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stal nl-e (BN tar .kt . [t r '
molar;ipb BEZRTA°NGE 20 TRt IR EIE Forkigh OELBR fsRorrcd under o
streanf0flin@Ri gis ab ke rdabtod.ugheadtionheas amducted aa70tM and 89ibae dthylene pres-

tenperature. Introduction of ethylene s cqgntinued.in
sure. i abgaimtrizadendisng yas 80 mainktes: Y mot #@ﬁ@r%%ra}e s8iedd of 12294 ¢
LAO/@ZIE.GNO WA oF BB nidr WhsUBEn&ENt i nued for 1 hour with

ntaining the reaction conditions, the ethylene
feeding is interrupted and the reacti on was stopped by
the addition of about 20 ml of ethanol. After bring
Exmnip the tenperature of the reaction mxture to 10C, a
gg%ble of the solution was collected, by neans of a
val ve situated at the bottom of the reactor and
anal yzed by gas chromat ography to determ ne the

tit t t f ol efi f d. .
200 nil e aR G lackd IBVLRSH BSOPEL Spteny gk O pRamelE 6 CsHiCOO)
premi%&ﬁw@bﬁeﬁﬁg)l@rlﬁgviﬁgar%ﬁ?%ﬁd)'Eo Y 7P %S dled @@lt%é'r?l”aél& Then a new co-

products. The foll ow ng exanples are given t
catalystisolionayas added tocthpenigfure hathimelentatio compeneits C:Be 1:0.25. The molar

. ap ent hose skilled in the art ney ou
ratio PR Vo 08 8 ST sl ian Py, e s SR Forpeg under a stream of
inert daB\(@ AtretorS POHabtid0 vabeohduttdded 70PErRH B0 Thethydend prdssure. The oli-
are summarized in Table 1 & 2. )
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-C3H;COO),
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.



Exanple 1. 200 m toluene was placed in a 250 m round
bottom flask and 0.24 mmol Zr (i-C3H/COO 4 prem xed
wowdob/oanssol e having nolar ratio to 1:0.75 wasPEmEPZN0S/@9495
the flask. Then a new cocatalyst solution having nolar
rati o of conponents C/ D = 1: (5 15 was added to the
m xture. The nolar ratio of Al/Zr was 20. The catal yst
solution thus forned was then transferred under a
streamof inert gas to the reactor. A reaction was
Exampledduct ed at 70C and 30 bar ethylene pres sure. The
ol igonerization tinme was 60 m nutes. 269 g of LAO are
formed; a yield of 12294 g LAO g Zr. No wax or polymer
was formed. Exanple 2. 200 ml toluene was placed in a
200 nd50lughe fmawndadedtinan?2$0 adkroand bott@d flask|andr 0.24 nGa6l7 ZOGC3H,CO0)4

prem xed with anisole haying nolar ratjo to 1:0Q.75 S
premixafwitht 2nisle h@ylagwobﬁgﬁl%t%éw-i‘g@@f Adged 1 e 1B @ new co-
cataly%_@%ﬁgigh%ratﬁ%dga ¥ HHE Snidhrd ]}Jﬁﬁ: ri/%‘élaf AlibRoAHIRANRE TS =110 17. The molar

e nolar ratio o r was 20. The catal yst
ratio foAlifn was #DUBhef catatpst sahgionltbus formad fveasrtheh tramiderred under a stream of

. streamof inert gas to a reactar.. A r tion S .

inert 5 A ACFEUOTa . FRIEHI Y S GORSHE Ok fyi0a ity Dbttt angeprgpsure. The oli-

gomerfABh it Wa 60 infTButeg s 200z T DADERas fotre8; #1icld 6 3655 g LAO/g Zr. No
formed; a yield of 5575 g LAO' g Zr. No wax or pol yner

wax oppelymer wesiformednpl e 3. 200 M tol uene was placed in a
250 m round bottomflask and 0.24 mol Zr
(i -C3H7CO0O) 4 prem xed wth anisole having nolar ratio
to 1:0.75 was added to the flask. Then a new
Exampglodat al yst sol uti on was added to the m xture with
nol ar ratio conponents C.D = 1:0.25. The nol ar

200 ml toluene was placed in a 250 ml round bottom flask and 0.24 mmol Zr (i-C;H;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-C;H;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.



ratio of Al/Zr was 20. The catal yst solution thus
formed was then transferred under a stream of inert
w@amowoiied reactor. A reaction was conduct ed atPODBE20881009495

37 bar ethylene pressure. Thegoli gonerization tine

was 60 m nutes. 155 g of LAO was forned; a yield of

7084 g LAO' g Zr. No wax or polyner was fornmed. Exanpl e

4. 200 m toluene was placed in a 250 m round bottom

flask and 0.24 mmol Zr (1-C3H COO) prem xed with
Examplgi’s ffempareiiyR) nol ar ratio to 1: 0. 75 was added to the

flask. Then a new cocatal yst sol ution was added to the

m xture with nolar ratio conponents C.D = 1:0.17. The

nolar ratio of Al/Zr was 40. The catal yst solution
200 ntl lelserfep 028 dnimas of Be(ir (; HaGO0Qs areldnaan ethy! alustimeasesgfuichloride (EASC)

inert gas to.ar tor. A reaction conduct ed. at
(AVZigH &5k Hare3 5rin @ ot Bhieviae bodgmeasiey Eie Rty ol Bia (g formed was
then thahSRr¥@ N84 dATHRALEST inkd %l t8thd AR MWASTHeOkdMRHon Ava¥icBhdlicted at 80°C

of 5895 g LAO' g Zr. No wax or polyner was forned.
and 3Gkamgthdes preeirerd Oligsinerivation sims| waset) mmnuies? 203 g ofrloy@dwvas formed,

PPN PO Pl T s oo

new co-catal yst solution was added to the m xture with

nmol ar ratio of conmponents C.D = 1:0.15. The nol ar

ratio of Al /Zr was 20. The catal yst solution thus
ExamP‘Gl’gng%o%%raWFén transferred under a streamof inert

gas to a reactor. Are action was conducted at 70C and

30 bar ethylene pressure. The oligonerization tinme was

60 minutes. 210 g of LAO was forned; a yield of 9597 g
The sam@@cz;lqre 5 1rw\,§%a1§plep1)wﬁ§qpem§, ex§eptdhat 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 Cé6 C8 Cl0 Ci2-C18 C20+

Examplel 34.1 40.3 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 5 04
Example4 22.6 57.8 13.3 3.7 24 0.2
Example5 22 41.8 16.6 8.1 10.2 13
Example6(comparative) 28.5 12.3 13.5 13.4 20.2 12.1
Example7 (comparative) 349 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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A igomerizati on ExperinmentsAs can be taken from Tabl es

1 and 2,

t he exanpl es of the present

i mproved distribution of al pha-olefins (weight

As caPBé B froM Thbles 1 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

the oligonerization experinents according to
i nvention result

n an

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



a high amount of C. Additionally, the purity of the
LAO fractions is significantly inproved conpared to
wo b@onedw t s of the conparative exanpl es. The PEHEP2088009495
di scl osed in the foregoing dggcription and in the
clainms may, both separately and in any conbination
thereof, be material for realizing the invention in
di verse forns thereof.Cains 1. Catal yst conposition
for the oligonerization of ethylene, conprising: (i)
at | east one transition met@RiM$npound havi ng the
general formula MXm (OR ) 4-mor MXn({OOCR )4-m
wherein R is an al kyl, al kenyl, aryl, aral kyl or
cycl oal kyl group, X is chlorine or bromne and mis
1.f CotalyGt compositieh for ithe @ligosmrizaon @i athiylene, ebmanising:
or ganoal um num conpound and a cyclic am de. 2.
Cat al yst conposition according to claim1, wherein the
transition netal conpound is a zirconium conpound. 3.
Cat gh)yst szOlemspsorie aanALOD hibtalgcdmpdtindi having \ﬂil@rgehﬂ‘al |f(&mula MXp,

zi rconi um conpound i s a 2|rco nlunrcarboxylate havi
the for miOR (R eSO CR ), Wheeisi ' iranjadkypal KF‘W{ aryl aralkyl or

al kenyl , y
any nu rrb M)Ial %%“ﬁekrlgﬁh@xgé gf%rli)ﬂmégﬁﬁﬁ lf %ﬁl Hd #; and
conposition accordlng to any of the precedlng clalns
wherein the organoalu ninunrconpound has the genera

for nAl X3-n n esen
 Alhor ety of f Rrdihe it Rl RT GRS amice
represents ad, Br or I, nis any number within the

range 1 <n«<2 5 Catalyst conposition according to
clai m4, wherein the organ aIuPi unLcngoun
2. Cata yst composition according Yo claim 1, wherein t transmon metal compound is a

zirconium compound.

3. Catalyst composition according to claim 2, wherein the zirconium compound is a zirco-
nium carboxylate having the formula (R*CO0)nZrCly.m, wherein R? is an alkyl, alkenyl,

aryl, aralkyl or cycloalkyl group, and m is any number within the range 0 to 4.

4. Catalyst composition according to any of the preceding claims, wherein the organoalu-
minum compound has the general formula RlnAng_n or A12X3R13, wherein R! represents
an alkyl group having from 1 to 20 carbon atoms, X represents Cl, Br or I, n is any num-

ber within the range 1 <n <2.

5. Catalyst composition according to claim 4, wherein the organoaluminum compound is
Al(CaHs)s, AL Cl3(C;Hs)s, AICI(CyHs); or mixtures thereof, wherein AICI(C,Hs), is pre-

ferred.

6. Catalyst composition according to any of the preceding claims, wherein the cyclic amide

has the general structure



Al (C2H) 3, Al 2C 3(C2Hs)3, ALCL(C2H5)2 or mi xtures
thereof, wherein AIC (C 2Hs)2 is pre ferred. 6.
W@2210al0ya64 conposi ti on according to any of the PCEHERI0SIPI4IS
clainms, wherein the cyclic agyde has the general
structureOC/ \ (CH2) NH\ / CH2 wherein x =1 to 9.
7. Catal yst conposition according to any of the
precedi ng clains, wherein the cyclic amde is sel ected
from ecaprol actam 2-pyrrolidone, g-valerolactam and
m xtures thereqf. 8. Catal yst conposition according to
claim?7, V\her% the cyclic amde is 2-pyrrolidone
having the forltul a: wherein R is independently
sel ected from&pe group consisting of hydrogen, alkyl
having fro t 0N20 carbon atons, aryl having from6
to 18{CEn atondN& al kyl having from7 to 14 carbon
atons and haterogfclyl having from2 to 9 carbon
atons. 9. Ca t conposition according to any of the
preceding clains, additionally conprising an el ectron
donor conpound. 10. Catal yst conposition according to
claim9, wherein the el ectron donor conpound is

whereinx =1 to 9.

7. Catalyst composition according to any of the preceding claims, wherein the cyclic amide

is selected from ecaprolactam, 2-pyrrolidone, y-valerolactam, and mixtures thereof.

8. Catalyst composition according to claim 7, wherein the cyclic amide is 2-pyrrolidone

having the formula:

R _~R
c c
r" \R
R>c\ /c_o

wherein R is independently selected from the group consisting of hydrogen, alkyl having
from 1 to 20 carbon atoms, aryl having from 6 to 18 carbon atoms aralkyl having from 7

to 14 carbon atoms and heterocyclyl having from 2 to 9 carbon atoms.

9. Catalyst composition according to any of the preceding claims, additionally comprising

an electron donor compound.



selected fromthe group consisting of ethyl acetate,
et hyl acetoacetate, ethyl benzoate, anisole,
w0 edwahmes of uran, 1, 2-di oxane, thiophen and m RCTYERH08/009495
thereof, wherein anisole is _gpst preferred. 11.
Cat al yst conposition according to any of the preceding
claims 9 or 10, wherein the nolar ratio of the
organonetal lic transition metal conpound and the
el ectron donor conpound is from1:0,1 to 1:10, nore _
10pFatabrshispyppsitian jacoordingotol claim 1R whetel thst elegrgib §pagrogpmpound is
a | tg a f . [ [ [
A B st BB bl P MM oo Bl WAL, Wyt benzonte,
cygikdle, Rrhkirofirdd, am-Hioxahk, khiophermiide mpxtafesrtaéreyf, lIwherein anisole is
:(0. 1-0.5). 13. Process for preparing |linear
amesERtefesins by ol i gomeri zation of ethylene in the
presence of an organic solvent and a catal yst
conposition, wherein the catalyst conposition is

anyone according to any of the preceding clains. )
11. Catalyst composition according to any of the preceding claims 9 or 10, 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.

12. 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).

13. 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.



