- 1 - Catalyst conposition for oligonerization of ethylene, oligonerization
process and nethod for its preparation The present invention relates to a
catal yst conposition for oligonerization of ethylene, a process for
preparing linear al pha-olefins by oligonerization of ethylene, as well as
to a method for preparing the catal yst conposition. Linear alpha-olefins
having 4 to 20 carbon atons are key feelstocks in the production of
surfactants, plastisizers, synthetic lubricants and pol yol efins. High
purity al pha-olefins are particularly valuable in the production of

| ow-density pol yethylene and in the oxo process. The linear al pha-olefins
are nore remaalysv@nipiaition/¥er bigincdiedaah phahplesd, oligométimtidhprotisngndt t he

a- carbon decreases the reactivity drastically. In this regard, |inear

al pha-ol efins having 6 to 18'&%PB%ﬁ“éFdHﬁPm@éﬁ%ciaIIy having 6 to 10 carbon
atons, are particularly useful and wdely used in large quantities.

Al t hough linear olefins are the product of dehydrogenation of |inear

al kanes,_the major portion of suc roduct,s cqnsi,sts af .the internal
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of et hylpegess Hhesdpalihd Giataradlpiicolefigf by sliginferRheas L ethysral dsywtly aé e a
catalytic oligonerization of ethylene in the presence of a Ziegler-type
cat al ystmetmﬁ‘égklé'ﬁpqﬂ&étﬂlﬁWW%‘E‘PWP‘@H@“OI i gomerization is to get the desired
selectivity and product distribution. Catalyst and process conditions play
an inportant role in this area. A catalyst for the oligonerization of
ethylene.to | inear CA4-C30 al pha qlefins i s, known includin i Lcond um

Cet 1 ach SHPEEPB e BT o g At e ke Festsrock b e Pl s

di sadvanicages ptidiad, sinbyit BBficnssdndaiodyoldfigs. Paigh paeibyuliphd-bigfind arzipasoni um
tetrachl oride in hydrocarbon solvents, the seﬁﬁre c%nditions for q@gration

of the dgplaryyluahigin the predustion af oW dRsibepalygthyjensand ip the,exo-pygress

ol i goneninZatalha-oRifing bRyh SR Qeactivé Biad thciTRMEREd AbhavaNfiAd) Ghd fakiching 4 thitdb of
hi gh nol ecul ar pol yethyl ene are fornmed together with the |inear

al pha- olcabpmdecreasesthy gepctivity dragticallyda this cegard. Jippar algheralerngdexige §riod 8

zi rconi Ynghah Wt UEHhEQATRI 18Xind Y 100 0aHMGH ks, &b HaRRLMAY GEr@rdnd viddly Bseal um num
sesqui chloride and triethyl "alum numin dry béenzene sol vent. These
conponent rggrpantitiesr ed under an argon at mosphere over a period of time to
formthe active catal yst conpl ex. Thiophene is added to the catal yst
presumably as a noderator. Patent exanples of oligonerization at 120C and
3,4 MPa carried out in dry benzene show an ability to nuf act ure al pha

ol ef i ns Mileneh birgr ellirharedhgpraductfdehydsagenstionf lngpy ifiancs. e majos per-ut o5 05
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wt % The di sadvantage of the process is a high yield of C20+ al pha ol efi ns.
Anot her ldedsan aheugsizpdonofifthyieneeact i on t enperature. Hence anot her

di sadvant age of the process is benzene which used as a solvent is a known
carcinogen. US 5,260,500 discloses the use of an al cohol (nethanol and/or
ethanol) as a third conmponent to produce a high-purity.al pha-olefin free of
cont am n&te. inprealRasleiisrire gerged bl By Sheatalicipligehrichtian 4t GhYieasyn
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the addition of water to a polar organic liquid serving as a solvent for a
cat al ystdegjiedselastivity ang pedusicdigteputim; Gejakyst azlgtpr QSRSSACPLIRYY RIALanRFER hi gher
purity lipneanialeha-ol efin oligomers than those fornmed in the absence of
wat er . Accorging to the patent in the absence of water the decene fraction
was 95.05 wei ght percent decene-1; in the presence of about 1.0 wei ght
percent water in sulfolane the decene fraction was 95.99 wei ght percent

decene- 1 catalys? for the oligomerization of ethylene to linear C4-C30 alpha olefins is known includ-

ing zirconium tetrachloride and organoaluminum compound.

The oligomerization of that known catalyst is usually performed in a medium of hydrocarbon

solvents at a temperature of about 100 to about 150°C and at elevated pressures of 4-8 MPa.



Further, WD 80/00224 and DE 4338414 al so teach a catal yst, which includes a
zirconi um car boxyl ate of the general formula (RC00)",ZrCl4 ,,, and an

or ganoal um num conpound of the fornula RnAl X3. The nmai n di sadvant ages of
that catalytic systemis the formation of undesired and probl ematic
byproducts such as wax and/or polynmer (polyethylene, branched and/ or
cross-linked PE). Another disadvantage-of this catal yst systemis the high
cocatal yst/activator consunption. The catal yst/co-catalyst ratio is a key
paraneter that enables the nodification of the alpha olefin distribution.
The high catal yst/co-catalyst ratio can favor | ow nol ecul ar wei ght
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formation of Wwax and polymers, even in Small_ anounts, adversely affects
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reduce e wor |n tine he process I prent, 1 nsofar as solid polyner
accunul atak agd iup to Hé) wiaof bigh helsculer grdyatisiensdire Hirmpd tegethee avithyihe dpedan be
done onl% Q¥bkpgerruptlng the oligonerization process and hence, at the
expense P ‘time of the equipnment. Consequently, there is a great need
to devel op an inproved catal yst system whi ch can provi de equi val ent or even
greater catalytic activity and at the sanme tine allows to elimnate all or
at | caSySSOTRs, 97‘3 &Q&&Q%V& o gﬁf&ﬁ{ﬂb&@@%%u&mnvmm thpe Skin f the
final catally therefore "an object of the present invention
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art, es n a
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wax/ pol yirerto fienmtht i |act|me| qatadyse coreplet. o"ihiopmsmets|adddcgﬂoahfpbmalwmﬁsnmaﬁa\aﬁ Ag 6 to
10 carbon atons shall be provided. - 4 - The first object is achieved by a
catalys ﬁ%%5|t|on for the oligonerization of ethylene, conprising (i)an
at | east partlally hydrol yzed transition netal conpound, obtainable by con-
trolled addition of water to a transition nmetal conpound having the general
formul aphX . : It | kenyl ,
aryl, ar gﬁ}t ﬁxgl@lweg%?lbgg)h?% tb"r“oagg@aﬁ‘g 3F14 %{“%g?g lgr g%%za{el%glr)wg?, and m
is fr omaalhmomanpfaem@lbﬂwoleﬁls wiginlpng nyzamlmgugarmw erlBeniewsotnd 148 a
cocat al ys¢,, ~whe I t O 0 I nmpound
i's mﬁthxﬁ/acfanﬁpfu¢% agéﬂfS%%uF“kg 01- é?QT%’g?efePE%&kgqﬂaﬁﬁgla?gratio
of wat emwt&nhd thleadvaxam@ dfi tbeproeesalis « bigh yisitiol Gxowilphd elefing: Angdedisabaut

(0. 1- referr t he t nsi Z ium
corrpounéagel\/ﬁ&h‘%}féela%ﬁ’?ne%qpﬁr ARt c%r‘f?s ua%nOtglo ‘m“%é“ tggenyp$g%5%%5€}% l%:e%r%%xyl ate
havi ng twWhechfieedas aaso(\RAGE@A)knd \Zﬁ@hxélmgen.Merel n R2 is an al kyl, al kenyl,

aryl, aral kyl or cycloal kyl group, and mis any nunber within the range of
fromO to 4. In one enbodi nent the organoal um num conpound has the general
formula 121,-A1Z3.1 or Al 2Z3R13, wherein Rl represents an al kyl group

havi ng UORRAE0, 500 RS @sas therisabbarsalcahot épetbyohugl/@ ethdpl)@s althirqecempoaast nunmber
Wi thin tt(t] eroﬁl?cegaemgh punty alp%aa oleﬁn5 free of contaminant, The disadvantage of this system is

a high yield of Cy. fraction.

EP 0 953 556 Bl discloses a nickel based catalyst system in that the addition of water to a
polar organic liquid serving as a solvent for a catalyst system in a process for oligomerization
of ethylene affords higher purity linear alpha-olefin oligomers than those formed in the ab-
sence of water. According to the patent in the absence of water the decene fraction was 95.05
weight percent decene-1; in the presence of about 1.0 weight percent water in sulfolane the

decene fraction was 95.99 weight percent decene-1.



The organoal um num conpound is preferably A (C2H5) 3, Al 2C13(C2H5) 3,

Al C1(C2F15)2 or m xtures thereof. According to a nore preferred enbodi nent
of the invention the organo al um num conpound is ethyl alum num
sesqui chl ori de and/or diethyl alum numchloride. Additionally, the nolar
rati o of the organoal um num conpound and the transition netal conpound is
preferably within a range of from1l:13t0 40:1. Further preferred is that
the transition netal conpound is partially hydrolyzed. According to the
invention is also a process for preparing |inear al pha-olefins by

ol i goneri zation of ethylene in the presence of an organic solvent and an

i nvent i grrR@! ¢ 30/0022PRsd DIEOAB38A £ alsp teih d&dtaily&t aviitett hethdeor Arcepani ng an

i nventive catal yst conposition ¢o r| sin contr | 1.ed
addi ti or?a@f”‘XA%fFé’lf theogenre! forandg R QF c"d‘ﬁﬁ’ﬁ Eanqﬂi\lg}lf&f% cpaet a‘?f5| tion
et al  coRPRIRdIal 1B, ATKQY I TR dnAiR cﬁﬁhbﬁm@@s oR it (:étthl),rn@@j?ﬁ@érﬂh@ﬂaet faemation of

or ganoal um num corrpound with the solution of the at st part |bal |y

hydr ol y zadesitediaad prioBlymae AYPrediaboisa as Wéfaeﬂfabwlm%ép Aetalene, enehsdiy s
added i nGAGMRASkihYed lpgsrf ﬁﬁalabry dALARWARE of| RisAcAAIpACE sRin s@%@m%dcdranner
as water vapor or Is added by release Trom water-containing solid - 6 -
Sur pri sicalglygtactivatpraepnirapticne Uk caipiitstedreatdlpii tratis) is @ckey paramedis tyt eﬂﬂ’(l"ér in
order t QP@‘&O&%@“& onRkild ﬁhlllayolpﬂ'lq BRI o, %ethqg?ﬁ%\atl}s@’@o Hﬁ:ﬁl?gt RRRAUR G
preferab a zirconrumc can I nprove the catal é conposi tion
af f or di rigwaiqhdwalaom!fghrwlgomrsdglt at the g?kmnsemjmaﬂ(ylgvhﬁ@mé¢d1 b0-sBaciiars-pol yner
formation in the reactor has been mnimzed. Controlled amount of water as
a nodifier has been used to partially hydrolyze the transition netal
conpound. Especially the use of the zirconi umcatal yst precursor in
conbi natTherfoxmatian of g@nmﬂ@mpﬁlymemewn esnedhipnnts advessly atfeaty de p%ul ts in
a sel ect WELbZ E08irk? bOpBlBHot Ynlh 166@ b RREer0! ef i ns
W th S|éﬁ¥@08 k%’ guctl Rﬂgﬁﬁ%gﬁeﬁgr? : p nafiono A%gltlonalky, t he
cat al ystdemmdmbgommmnélns Qudihbbil alsp lhtdgth! th@wrkmg/trm@f hearoess oduwpmentd
fequl T es,Jofl Ak YRl Yo g[ﬂgl ARl BIRHD P @ iodc s RRGBIHRIptbaibNR LA Ytich of the
prior artin of b ear of gomers within a desirable nol ecul ar
wei ght rcamgedore. aaly lﬁﬂ,m(éiﬂlpnag]g'e ohgmreérmaam yrocss @ldberkerat Herexpense ofdoski ng
time oftthefﬁhoc%§s eQU|pnent can be extended and costs for renoving solid
pol ymer UM NS i n the reactors can be decreased. The production run
can therefore increased. For sonmeone skilled in the art it is clear what is
meant by the term"partially hydrolyzed". In detail, the transition netal
compoun §a99d étwméh HRERRhi ch
COMPOUN BT, 8 Ao Bkl ar Ay @64 Bap bl ELRG
hydr ol yzgdivalentenr e‘u/heglahﬂcoxatdgtmactway ok 91 the eareg bmpgﬂav\f%to( @\tmm@agkl Opatr tly)
renoved fr n1th netal ReH v roups,
respectll\ef1 9ﬂneq &f m%%%ég lﬁ&% tﬁgeratfgécéwgg%gfﬁgn aghgn5|t|on
met al conpound as dlsclosed above is the nolar ratio of water which is
added in a controlled nmanner to the transition netal starting conpound. The
catal ysty %Q@%ietdn% AP EFnE Brek O iRAESSH é)fr&rldeoa[ &@Q{/ét @mebé & wiikiPberol ef i ns
is preferab Fesent TR an'inert organi ¢ sol vent. anpl es of suitable
organic @oiev&rctch'awlm:kud%tharp@naatlt,cesmﬁ@hibcﬂa%b@ﬁt g@mp@m@ shgl dapsevidadtred or
substituted w th h Loge Emirkil ppnzene
dlchlorében éﬁé’ %o §18€ﬁé %@aﬁﬁthgﬁdugﬁ?ﬁﬁﬂg%f%yggg Iﬁ 2ﬁ[{ggro- -
wax/polymer formation in the reactor. Especially alpha-olefins having 6 to 10 carbon atoms

shall be provided.

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

be provided as well as a method for preparing such a catalyst composition.



carbons, such as pentane, hexane, heptane, octane, nonane, decane and the
| i ke, alicylic hydrocarbon conpounds, such as cycl ohexane,

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

di chl or oet hane, dichl orobutane and the like. A m xture of solvents nay be
used to control the product nol ecul ar weight distribution to obtain maxi num
selectivity to the desired olefin preducts. The specific hydrolysis ratio
(molar ratio of water to transition netal conpound) allows to control the
extent of hydrolysis. The hydrolysis ratio affects the rate of the
reaction. Further, the node of addition of water to the solution of the
transi tigp qrRtétect NTRIMIL 4965 cAblQ ondpBBitibn s B oliPemaAion ¥ bhylehgr
exanpl e, after the addition of wa er, either flock-like particles are

pr oducedompgdaiht aneously, or no visible particle formation is seen,
dependi ng upon the nethod of addition. There are several factors that can
affect the hydrolysis rate, for exanple the nature of the organic group,
met al coordi nation nunber, functionality of the precursor, etc. The
hydrol ysis r8hct i #natilgaskpartiphyhysieolyzsndi tragsifar mgtal é&*PP‘g}mSyf"%tﬂaalﬁ%BhF?Ty of

wat er which is suppldiefiahi@nt dtewhitaRsh tlx@ftidBindlal cONPaIathaeng thb@eferdie of
addition. Water can be supplied increnentally or in a stag Qr sequenced

i e e
manner, bul k addi foroniadd&s (@R ©aMXa(QPfeR dewi Wisae!p 8 cif i3k ¥s #1EEWng
excessive hydrol ygi.s . LEQbAkII13kbE) 30fs Halbpeh, YhbRmibly [ORSEBA LRI WRlsi OUS
met hods for adding&gﬁgﬂﬁgfgfgg#ﬂghgégggrred g%g ﬂ? droakﬁse while the
transition netal temddaddprstrably 6d; #1d hydrocarbon is kept under agitation
Agitation tinme is inportant in order to have a desirable result. The
agitation tinme can be within the range of from1 mnute to 60 m nutes,
preferably between about 1 mnute to about 30 m nutes, preferably at
anbi ent t enpéiPat utreorsarpalumipHaCPPPoYHas wsPealyshy be added using a nitrogen
streamto introduce water vapor into the reaction. Water contai ning solids,
whi ch can be either hydrated or porous nmaterials which have absorbed water,
can be used as well. - ﬁ - It%{s t herefore esseg}iaL for the gontrolled
addi t i orVhsreimBEdnolinatio phwatehing TasioR MR CREIPRING I8 VABHR HfRBHCLE Bl K,
i.e. isBef@desgjin one charge, but is carefully added in a controlled way
to especially avoid the formation of precipitations. In one preferred
enbodi ment, the cal cul ated amount of water is added dropw se using a
syringe to a solution of the transition nmetal conpound at room tenperature.
It may beeprasiahablofartati@gh haiee ahd eheradsition nwhall @mpddidy wiien watsge. of
Dependi ng on the quantity of water, during the addition of it sone white
preci pi t2RP¥6P 17y be observed due to the hydrolysis. Usually, after
agitation no precipitation was observed any |onger. The catal yst
conposition of the present invention may be utilized in the process for
prepari |inear alpha-aql.efins, at a reaction te I e of about 50C to
about 1%@? pbfi?férfeélr L\]Bﬁvnﬁé?wsfﬁ' “BHRAB0E AvdMa o%téﬁl p? . The Zr netal
concentration (in w% in the zirconium conpound can be varied from?2
wei ght percent to 10 wei ght percent, preferably from 3 weight percent to 7
wei ght rcen The, ol Ci i a rj eaction
conditi @ﬁ%ﬁvﬁf%fﬁ”?‘ie]g'éer & r‘?’%ﬂﬁ%ﬁég‘%g@r gs, Qpéri)lggrgg}ﬁqe{:a%ei%x?%eaggﬁgé IEPFI%\;\%A%IHP %r
someone (BkKCOORMEICH. .t WoeraintR? idddliatkiyhniienfleaty L nedkyhndcwtbadind gupes, afl m fre
present_inven%ion mﬁbl beco raﬁg rent fromthe follow ng detail ed
descri ptPOA BPpPEYRIPEEE PO SaMHERtS with regard to the fol | owi ng exanpl es.
- 9 - Experinental conditions: Al materials were handled in a nitrogen
at nosphere using either schlenk techniques or nitrogen filled gl ove box.

Ni troge I \ ' f I S . n i gd
thr ough B 8ot ERG YL EreBR R S LM b BNt RERE R RLT BS
AlZaR'y, wherein R represents an alkyl group having from 1 to 20 carbon atoms, Z repre-

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



The synthesis of zirconium carboxylates are perforned by known nethods.

A igonerization of ethylene was perfornmed as follows: The oligonerization
is carried out in an 2 liter stainless steel reactor. The prepared catal yst
solution is charged into the reactor. Ethylene was introduced into the
reactor until the desired pressure was attained and nai ntai ned throughout
the reaction at the desired tenperatuse. Introduction of ethylene was
continued in an anmount necessary to naintain the reaction pressure. After
the reaction was continued for 1 hour with maintaining the reaction
conditions, the ethylene feeding is interrupted and the reacti on was

st opped it h ( e 1, A0\ the

t enper atﬁ%g}%ﬁ oﬁﬁgfnﬁg?gﬁgﬁﬁg%ﬁ%gb}?‘ & igé(flé:g)t} ’aﬁggi&%ﬁzﬁﬂ%}mﬁﬁ@zgo E?rino,n was
col | ect edes thyrenavsomdingaoeahos pstfenet edbadimeni of Hist invention thaerganoaddesr and
anal yzed as . chr : 1 : | the type of

ol efins nflcpﬁcr?%@.gu%}ts gﬁé@?ﬁ’lﬂﬁa S|’atrs1 I?ﬁ%ﬁ%\%g’g? %IE@ ﬂg&eagtliug%/%hﬁ}giﬁé, the reactor
was opened and exam ned for any possible polyner formation. The yield of
C4-C6 fractions were estimated fromthe Schul z-Fl ory distribution because

t hey are jfevi : i j - -
! o ARREP BBl Br 5L TR ARGt B PRI Bl b3 25 )
wat er wasuihis petferebly moing wesheffrany L H20AYd. = 0. 44. The mixture was stirred
for 15 mnutes at roomtenperature. Then fromthis solution 0.25 nmol of

Zr (i - C3H7C00) 4 were syringed and added to 200 nml tol uene which was placed
ina 250 m round bottom flask. Then neat EASC (Al /Zr = 17.5) was added to
the mi xtRurtber preferredhis shay the tagsition matal prueporpd isdrtindy bydrelzed ansferred under a
streamof inert gas to the reactor. A reaction was conducted at 80C and 30
bar ethyl ene pressure. The oligonerization tine was 60 m nutes. 193 g of
LAO are fornmed; a yield of LAO 8465 LAO q Zr.. Odear Ji.quid was abt ai ned.
b e FASCHRIMESD I as0aR IR DRtEe FPrEreanns st Saplins heliengh | o

pol yner (arhecHekeciank Tﬂ%%bé/ofeﬂx_ SR dolvensaridad isvealibn taalbe cappositingl y
measured. Exanple 2. To a solution of Zr(i-C3F17C00)4 (1.25 mmol) in
toluene (3.25 nL) water was injected drop-w se having H20/Zr = 1.08. The

m xture was stirred for 15 mnutes. Then fromthis solution 0.25 mml of

Zr (i - C31x137 FRMAd Wek en@lisd ngaleiicdg addeekntice 2A8lysrl conglosieine cobrsingves pl aced
ina 250 mM round bottomflask. Then neat EASC (Al /Zr = 17.5) was added to
the m xt4P&%" The cat al yst solution thus fornmed was then transferred under a
streamof inert gas to the reactor. A reaction was conducted at 80C and 30
bar ethylene pressure. The oligonerization tine was 60 mnutes. 173 g of
LAO are forned; .a yield of. LAQ 7588 Zr... Clear |igul ; ai ned.
No wax formatidi hascoﬁté%lﬁed@bg & Wia%r %'_(ﬁt% %P Tt mg@f%m&%gg’e\é\ﬁ%‘lg%l id

pol ymer were det ect egnsido®hgtal borgpraind id preddédoia ssiuebh; and be accuratel y
measured. Exanple 3. To a solution of Zr(i-C3H7C00)4 (1.25 nmmol) in tol uene
(3.25 nL) water was injected drop- wi se having H20/Zr = 1.32. The m xture
was stirred for 15 mnutes. Then fromthis solution 0.25 mmol of

Zr (i - C31- 17C00) &) wereembiyrihgnthe chrgandaladthech ¢oonp@00d miithttled sedwimnviiitsret deast pl aced
ina 250 m round bottomfl ask. en..nea Zr = 17.5) was added to
the mxture. The catpngV??’hggrlohzfé‘%&aqsm?? ect)?ErArég p\/\L/étpflsf{'then transferred under a
streamof inert gas to the reactor. A reaction was conducted at 80C and 30
bar ethyl ene pressure. The oligonerization tine was 60 mnutes. 162 g of
LAO are fo : i.el ) : . Z [ Al i ned.
No wax/ p%f{?%r& Fh%r‘)r%t?ﬁ %nﬁ%aéﬁge%dﬁggb%é%g@ y&rgﬁg}%@?fdp‘ %wéqus%tég %Er)ltaof

Zr (i - C3HEQRAY Al thdnn2E aswole) vapor boisaddud byJele&efiom wateeronigiging spletst ed

drop-w se having H20/Zr = 0.44. The m xture was stirred for 15 m nutes.
Then fromthis solution 0.25 mmol of Zr(i-C3H7C00)4 were syringed and added
to 200 m toluene which was placed in a 250 ml round bottom f| ask. Then
neat EASGe(Ardfdreds d@5)e sntkoradigedddidon plewaexthaselutipnés pkdyet | 81U i%n t hus
f or ned ] r : erh L t eactor. A
reacti o%@tf%gﬁ%@g El&ela'%’ﬁ’gbeéggﬁéﬂ‘lt%%ﬁ;g@@&ﬁ%%mng d%oarlgggrgrtg@%ﬁ}ngbneri zation
time was 60 mnutes. 155 g of LAO are forned; a yield of LAO 6798 g LAO ¢
Zr. Clear liquid was obtained. No wax/polynmer formation has been observed.



Exanple 5. To a solution of Zr(i-C3H7C00)4 (1.35 mml) in toluene (3.25
m.), water was injected dropw se having H20/Zr = 0.82. The m xture was
stirred for 15 mnutes. Then fromthis solution 0.25 mmol of Zr(i-C3H7C00) 4
were syringed and added to 200 m toluene which was placed in a 250 m
round bottom flask. Then neat EASC (Al /Zr = 17.5) was added to the m xture.
The catal yst solution thus fornmed wasgt-hen transferred under a stream of
inert gas to the reactor. A reaction was conducted at 70C and 30 bar

et hyl ene pressure. Adigonerization time was 60 mnutes. 186 g of LAO are
formed; a yield of LAO 8157 g LAO g Zr. Cear liquid was obtained. No

wax/ pol . tyl kan AR Aleafloyi.i on of
Zr (i - CS%B{"?@.%%?@%UH‘?% gﬁ%{g@fé’eﬁwgﬁ %nvvat_er y\l/gs&?eﬁ}ggt eed ﬁgvi ng
H20/ Zr =ialy G@drolffae the tansitenwagalseanrnowet, froeferablyrd picaoabim FprapouEofant iHl-s

sol ution 0O,

mm) of Zr (.. ) ir , . m
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added in a controlled manner to the transition metal starting compound.

The catalyst composition used in the process for preparing linear alpha-olefins is preferably
present in an inert organic solvent. 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 hydro-
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carbons, such as pentane, hexane, heptane, octane, nonane, decane and the like, alicylic hy-
drocarbon 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 product molecular weight distribution to obtain maximum selectivity to the

desired olefin products.

The specific hydrolysis ratio (molar ratio of water to transition metal compound) allows to
control the extent of hydrolysis. The hydrolysis ratio affects the rate of the reaction. Further,
the mode of addition of water to the solution of the transition metal compound does affect the
rate of the hydrolysis. For example, after the addition of water, either flock-like particles are
produced instantaneously, or no visible particle formation is seen, depending upon the method

of addition.

There are several factors that can affect the hydrolysis rate, for example the nature of the or-
ganic group, metal coordination number, functionality of the precursor, etc. The hydrolysis
reaction itself may be controlled directly by the quantity of water which is supplied to the
transition metal compound and the rate of addition. Water can be supplied incrementally or in
a staged or sequenced manner, bulk addition does not lead to the desired reaction, effecting
excessive hydrolysis with precipitation of insolubles. There are various methods for adding
the water. The preferred one is dropwise while the transition metal compound solution in hy-
drocarbon is kept under agitation, Agitation time is important in order to have a desirable re-
sult. The agitation time can be within the range of from 1 minute to 60 minutes, preferably

between about 1 minute to about 30 minutes, preferably at ambient temperature.

Additionally, the water may be added using a nitrogen stream to introduce water vapor into
the reaction. Water containing solids, which can be either hydrated or porous materials which

have absorbed water, can be used as well,
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It is therefore essential for the controlled addition of water that the total amount of water is
not added as a bulk, i.e. is not added in one charge, but is carefully added in a controiled way

to especially avoid the formation of precipitations.

In one preferred embodiment, the calculated amount of water is added dropwise using a sy-
ringe to a solution of the transition metal compound at room temperature. It may be preferably
to agitate the mixture while adding the water. Depending on the quantity of water, during the
addition of it some white precipitation may be observed due to the hydrolysis. Usually, after

agitation no precipitation was observed any longer.

The catalyst composition of the present invention may be utilized in the process for preparing
linear alpha-olefins at a reaction temperature of about 50°C to about 110°C, preferably be-
tween about 60°C and about 100°C.

The Zr metal concentration (in wt%) in the zirconium compound can be varied from 2 weight

percent to 10 weight percent, preferably from 3 weight percent to 7 weight percent.

The oligomerization can be carried out under usual reaction conditions with regard to tem-

perature, pressure, etc. as is known for someone skilled in the art,

Additional features and advantages of the present invention will become apparent from the
following detailed description of preferred embodiments with regard to the following exam-

ples.
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Experimental conditions:

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

through an additional bed of molecular sieves, if necessary.

EXAMPLES:

The synthesis of zirconium carboxylates are performed by known methods.

Oligomerization of ethylene was performed as follows:

The oligomerization is carried out in an 2 liter stainless steel reactor. The prepared catalyst
solution is charged into the reactor. Ethylene was introduced into the reactor until the desired
pressure was attained and maintained throughout the reaction at the desired temperature. In-
troduction of ethylene was continued in an amount necessary to maintain the reaction pres-
sure. After the reaction 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 bringing the temperature of the reaction mixture to 10°C, a sample of the solu-
tion 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 eliminat-
ing the overpressure of ethylene, the reactor was opened and examined for any possible
polymer formation, The yield of C4-Cy fractions were estimated from the Schulz-Flory distri-

bution because they are inevitably lost to some extent in handling the sample.
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Example 1.

To a solution of Zr(i-C3H,C00)4 (1.25 mmol) in toluene (3.25 mlL) water was injected drop-
wise having H,O/Zr = 0.44. The mixture was stirred for 15 minutes at room temperature,
Then from this solution 0.25 mmol of Zi(i-C3H;C00)4 were syringed and added to 200 ml
toluene which was placed in a 250 ml round bottom flask. Then neat EASC (Al/Zr = 17.5)
was added to the mixture. The catalyst solution thus formed was then transferred under a
stream of inert gas to the reactor. A reaction was conducted at 80°C and 30 bar ethylene pres-
sure. The oligomerization time was 60 minutes. 193 g of LAO are formed; a yield of LAO
8465 g LAO/g Zr. Clear liquid was obtained. No wax formation has been observed in the
product. Only traces of solid polymer were detected namely in quantities too small to be accu-

rately measured.

Example 2.

To a solution of Zr(i-C3H;COO0)4 (1.25 mmol) in toluene (3.25 ml.) water was injected drop-
wise having H,O/Zr = 1.08. The mixture was stirred for 15 minutes. Then from this solution
0.25 mmol of Zr(i-C3H,COO0), were syringed and added to 200 mi toluene which was placed
in a 250 ml round bottom flask. Then neat EASC (Al/Zr = 17.5) was added to the mixture.
The catalyst solution thus formed was then transferred under a stream of inert gas to the reac-
tor. A reaction was conducted at 80°C and 30 bar ethylene pressure. The oligomerization time
was 60 minutes. 173 g of LAO are formed; a yield of LAO 7588 g LAO/g Zr. Clear liquid
was obtained. No wax formation has been observed in the product. Only traces of solid poly-

mer were detected namely in quantities too small to be accurately measured.

Example 3,

To a solution of Zr(i-C3H,COO)4 (1.25 mmol) in toluene (3.25 mL) water was injected drop-
wise having HyO/Zr = 1.32. The mixture was stirred for 15 minutes. Then {rom this solution

0.25 mmol of Zr(i-C3H;C0O0), were syringed and added to 200 ml toluene which was placed
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in a 250 ml round bottom flask. Then neat EASC (Al/Zr = 17.5) was added to the mixture.
The catalyst solution thus formed was then transferred under a stream of inert gas to the reac-
tor. A reaction was conducted at 80°C and 30 bar ethylene pressure. The oligomerization time
was 60 minutes. 162 g of LAO are formed; a yield of LAO 7105 g LAO/g Zr. Clear liquid

was obtained. No wax/polymer formation has been observed.

Example 4.

To a solution of Zr(i-C3HsCOO)4 (1.25 mmol) in toluene (3.25 mL) water was injected drop-
wise having HyO/Zr = 0.44. The mixture was stirred for 15 minutes. Then from this solution
0.25 mmol of Zr(i-CsH;CO0), were syringed and added to 200 ml toluene which was placed
in a 250 ml round bottom flask. Then neat EASC (Al/Zr = 35) was added to the mixture. The
catalyst solution thus formed was then transferred under a stream of inert gas to the reactor. A
reaction was conducted at 80°C and 30 bar ethylene pressure. Oligomerization time was 60
minutes. 155 g of LAO are formed; a yield of LAO 6798 g LAO/g Zr. Clear liquid was ob-

tained. No wax/polymer formation has been observed.

Example 5,

To a solution of Zr(i-C;H,COO0)4 (1.35 mmol) in toluene (3.25 mlL), water was injected
dropwise having HyO/Zr = 0.82. The mixture was stirred for 15 minutes. Then from this solu-
tion 0.25 mmol of Zr(i-C3H;CO0); were syringed and added to 200 ml toluene which was
placed in a 250 ml round bottom flask. Then neat EASC (Al/Zr = 17.5) was added to the mix-
ture, 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 pressure. Oligomerization time
was 60 minutes. 186 g of LAO are formed; a yield of LAO 8157 g LAO/g Zr. Clear liquid

was obtained. No wax/polymer formation has been observed.
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Example 6.

To a solution of Zr(i-C3H;C00)4 (6.25 mmol) in toluene (11 ml) water was injected having
H,0/Zr = 0.68. The mixture was stirred for 15 minutes. Then from this solution 0.25 mmot of
Zr(i-C3H,;CO0), were syringed and added to 200 ml toluene which was placed in a 250 ml
round bottom flask. Then neat EASC (Al/Zr = 17.5) was added to the mixture. The catalyst
solution thus formed was then transferred under a stream of inert gas to the reactor. The reac-
tion was conducted at 75°C and 30 bar ethylene pressure, Oligomerization time was 60 min-
utes. 245 g of LAQO are formed, a yield of LAO 10745 g LAO/g Zr. Clear liquid was obtained.

No wax/polymer formation has been observed.

Example 7.

The same hydrolyzed zirconium catalyst solution as prepared in Example 6 has been tested
after | month period using the same procedure as described in Example 6, (the sample was
mixed for 1 minute prior taking the required amount) in order to check its reproducibility. In
case that the catalyst solution is stored for a longer time, it might be necessary to periodically
agitate the solution in order to avoid precipitation to occur. 234 g of LAO are formed, a yield
of LAO 10263 g LAO/g Zr. Clear liquid was obtained. No wax/polymer formation has been

observed,

Comparative Example 1,

200 ml toluene, 0.25 mmol of Zr(i-C3H;CO0), and neat ethyl aluminum sesquichloride
(EASC) (AlV/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 con-
ducted 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.
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Comparative Example 2.

The same procedure as in Comparative Example 1 was repeated, except that AlZr = 17.5.
Reaction was conducted 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.

Comparative Example 3.

The same procedure as in Comparative Example 1 was repeated, except toluene was spiked
with defined amount of water, having 20 ppm of water in toluene. 153 g of LAO was formed;
a yield of LAO 6710 g/g Zr. The experimental result showed that the product purity decreased
dramatically (mainly due to Friedel-Crafts alkylation of toluene). A significant increase in
polymer formation was observed as well, which mainly deposited on the reactor wall, stirrer

and thermowell,

Table 1 below summarizes the distribution of the chain length of the alpha-olefins obtained,

whereas table 2 below summarizes the purity of the LAO-fraction obtained.
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Table 1. Summary of the Oligomerization Experiments

Examples Distribution of alpha olefins (wt%)
Ca C6-CI10 Cl12~Cl18 C20+
Exampiel 193 | 61.8 16.8 21
Example2 23.9 § 609 13.4 1.8
Example3 26.3 | 58 14.2 1.5
Exampled 40.2 | 493 10 0.5
Example5 26.4 | 56 16.4 1.2
Example6 2391574 16.6 2.1
Example? 264 | 549 16.2 25
Comparative Example | | 35.1 | 45.8 17.4 1.7
Comparative Example 2 | 15 304 40.9 13.7
Comparative Example 3 | 35.5 | 40.3 21.4 2.8
Table 2.
Examples Total Aromatics {(wt%)

Purity of LAQ fractions (%)
C4 [Cé |C8 JClo|Clz|Cl4 |Cl6 | Cl18

Examplel 997 [ 974 [ 96.8 | 94.1 ;1 93.7| 929|918 90.7 | 0.35
Example2 99698 196395 ]952(934;922|91.5]02
Example3 993 (982 (97.3]96.7]968 | 941|935 928027
Exampled 98219721976 | 904 | 90.5| 86.1 | 8BS 81.8 [ 0.21
Examples 988 (9879789541943 1939792 |91.7|04
Exampled 99 98 9659581949 |93.5]928 937105
Example? 903 1984|963 955|943 1936|924 |93 0.3

Comparative Example | | 98.2 | 96.1 [ 95 88.2 ] 86 85.4 | 84.7 | 80.3 | 0.47

Comparative Example 2 | 98.1 { 97.1 {1 94.8 | 91.1 | 90.5 | 87.2 | 79.1 774 | 0.7

Comparative Example 3 [ 97.3 | 95.4 [ 93.8 | 857 | 84.6 | 80.3 | 759 | 723 2.1
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As can be seen from above tables, the catalyst composition according to present invention
results in a distribution of alpha-olefins having a high amount of desired Cs-C1o alpha-olefins.
As can be taken from table 2 the purity of the fractions obtained by the catalyst composition

according to the present invention is also significantly improved.

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

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

I. Catalyst composition for the oligomerization of ethylene, comprising

() an at least partially hydrolyzed transition metal compound, obtainable by
controlled addition of water to a transition metal compound having the
general formula MXn(OR")s.m or MX,(OOCR’)4.m, wherein R’ is an alkyl,
alkenyl, aryl, aralky! or cycloalkyl group, X is halogen, preferably Cl or
Br, and m is from O to 4, preferably 0-3; and

(ii) an organoaluminum compound as a cocatalyst,

wherein the molar ratio of water and transition metal compound is within a range of
between about (0.01-3):1.

2. Catalyst composition according to claim 1, wherein the molar ratio of water and the

transition metal compound is within a range of about (0.1-2):1.

3. Catalyst composition according to claim 1 or 2, wherein the transition metal com-

pound is a zirconium compound.

4. Catalyst composition according to claim 3, wherein the zirconium compound is a zir-
conium carboxylate having the formula (R*CO0)mZrClam, Wherein R? is an alkyl, al-
kenyl, aryl, aralkyl or cycloalkyl group, and m is any number within the range of from
0to4.

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

ganoaluminum compound has the general formula R, AlZ3., or A1223R'3, wherein R
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- 16 - Cains | . Catalyst conmposition for the oligonerization of ethylene,

conpri sing ( irépr@s@n@tap :agﬁ? é;gg;?glé\h@é %r?rn Nyt R0 LB 6T atbh@NE tptBntsEY, @lr of @pouNd,

obt ai nabl e by ‘contro lon of water to a transition netal conpound
havi ng t he genswaluntber withia thgcangg ORMA2."  or MX,,, (00CR )4.m wherein R is
an al kyl, al kenyl, aryl, aral kyl or cycloal kyl group, X is hal ogen,
preferably d or Br, and mis fromO to 4, preferably 0-3; and (ii) an

or ganoal um num conpound as a cocatal yst, wherein the nolar ratio of water
and transi fi Gritanst e0MRBHIBIREPTHISE ?lﬁinhs:awaé%@@edﬁg%’@f‘%\é‘ﬁméb%l?o“"d 18

(0.01-3):1, %](%ﬁl )(gélB@gfgﬂ;stl&qﬂpgﬁp&gM}gs fheregt @i m 1, wherein the nolar

rati o of water thé transition ne conpound is within a range of about
(0.1-2):1.
7. Catalyst composition according to any of the preceding claims, wherein the molar ra-
tio of the organoaluminum compound and the transition metal compound is within a

range of from 1:1 to 40:1.

8. Catalyst composition according to any of the preceding claims, wherein the transition

metal compound is partially hydrolyzed.

9. Process for preparing linear alpha-olefins by oligomerization of ethylene in the pres-
ence of an organic solvent and a catalyst composition, wherein the cataylst composi-

tion is anyone according to any of the preceding claims.

10. Method for preparing a catalyst composition according to any of the preceding claims

1 to 8, comprising the steps of:

6)) controlled addition of water to the transition metal compound, wherein the

transition metal compound is provided in solution; and

(ii)  combining the organoaluminum compound with the solution of the at least

partially hydrolyzed transition metal compound.



3. Catalyst conposition according to claiml or 2, wherein the transition
metal conpound is a zirconium conpound. 4 Catal yst conposition according to
claim 3, wherein the zirconium conmpound is a zirconium carboxyl ate havi ng
the fornmula (R2C00) ZrCl 4. 0" wherein R2 is an al kyl, al kenyl, aryl, aralkyl
or cycloal kyl group, and mis any nunber within the range of fromO to 4.

- 17 - represents an al kyl group havi.mg-from 1 to 20 carbon atons, Z
represents C, Br or I, nis any nunber within the range | < n < 2. 6.
Cat al yst conposition according to claim5, wherein the organoal um num
conmpound is A1(C21103, Al 2C13(C21-103, AICI(C21-15)2 or m xtures thereof.

7 Catal yst SelRaehdeb Aok 8. iR heAlaibli REELH! ek [i@eiRnialfer i n
the nmolar ratio of the organoal um num conpound ang e transition netal
conpound i s rdférablyalrorarigge inf sfagehersequengedi@anner,3s WRagtayapst orcis s i on
according_torggse%% t@ﬁﬁp&gﬁgghggﬂgﬁains, wherein the transition neta
conpound is par |aIF§ ydrol'yzed. 9. Process for preparing |linear

al pha-ol efins by oligonerization of ethylene in the presence of an organic
solvent and a catal yst conposition, wherein the cataylst conposition is
anyone acces dhlbod £c8dhedb clhlf 18767 G ¢ Aigeifs idifPandiR antbEidaRthnl FhwaRlr@RAr i N9 a
catal yst conposition acgbrglng to any of the preceding clains Ito 8,

conpri si ng t elugore psagthted for) 1 pimite tol dQouhinmtndi pretsrablif | weinwte te abauhd0 mrEmsi ti on
met al conpoun i the. i metal compound is provided in

sol ution; andﬂ?i$?%%§hgpﬁgﬁﬁ£¢ﬁé Sﬁgg%oaluninun1conpound with the solution
of the at least partially hydrolyzed transition netal conpound. -18- II

Met hod according to claim 10, wherein the water in step (i) is added
increnental ly, preferably dropwi se, in a staged or sequenced nmanner, as

wat er vapor or is added by release fromwater-containing solids. 12. Method
according to claim 10 or 11, wherein during and/or after addition of water
the solution is agitated for 1 minute to 60 mnutes, preferably 1 mnute to
about 30 m nutes, preferably at anbient tenperature.



