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s0  butyl group are preferred and those in which R represents an ethyl group are particularly preferred. :
It is preferred that Q represents Cl. , o . o
Specifically, ethylaluminium sesquichloride (AI(C;Hg), sCly s, i-€., Al2(CoHs)sCly) is preferred. _
These alkylaluminium sesquihalides can be used singly or two or more of them can be used in
combination. T ..

55 The alkylaluminium compound represented by formula (Hll) above which can be used as Componen't.B
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formula (Il satisfy the above-described conditions. Specific examples thereof include AlCH,),;, AHC Hs)s,
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In formula (111}, R’ is preferably an ethyl group, a propy! group, a butyl group or an isobutyl group and
more preferably an ethyl group. . o :
. It is preferred that Q' represents Cl. - TR . L
Specifically, compounds such as triethylaluminium, diethylaluminium chlgnde and ethylaluminium
g5 dichloride are preferred. : SERCE ' )
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Upon polymerization, the catalyst liquor can be mixed with the solvent to adjust the concentration of

a5 the catalyst, if desired.

The thus prepared catalyst or catalyst liquor and ethylene or a gas containing ethylene are contacted in
the above-described solvent at a predetermined reaction temperature under a predetermined reaction
pressure to carry out polymerization (oligomerization) of ethylene efficiently.

The gas containing ethylene which can be used in the present invention include. an inc1t gas containing

50 ethylene, purified ethylene gas for polymerization, ethylene gas for polymenzatlon such as high purity
ethylene, etc., with high purity ethylene being preferred

The reaction temperature upon polymerization is usually from 50 to 200°C, preferably from 100 to
150~C. The reaction pressure is usually not iower than 4.9 x 10°Pa (5 Kg/cm?) (gauge pressure), preferably
not lower than 24.5 x 10®Pa (25 Kg/cm?) (gauge pressure). The reaction time is usually from 5 minutes to 2

55 hours, preferably from 15 minutes to 1 hour.

All the operations starting from the preparation of the catalyst to the completion of the polymerization
reaction are desirably carried out in the absence of air and moisture.

it is preferred that the preparation of the catalyst is carried out under the atmosphere of an inert gas
such as nitrogen, argon.

6C Further, it is desirable that starting materia's for preparing the catalyst, solvent and starting materials
~ for polymerization are dried sufficiently. However, copresence of a minute amount of moisture or air
sometimes results in increase in the activity and selectivity of the catalyst.

Hereinafter, example of the process for preparing linear a-olefins according to the present invention
will be describad in detail.
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~osulfi d%%shﬁ& WithWa Er%p;rﬁﬁm c Wés dxtragion]Ritratidn @Qmﬁﬁﬁ@f&reﬁvw'tﬂﬂolﬂé‘:ﬁgabnoﬂeiﬁls or
pri rn@r\i.e2 héde a-ofdfins bEKigh pdkty irOigh BMficipicypor ti on of Conponents A and B. nore
desi r abl e Thass)bécordirgytoltie: mixteas ofsble semtrmm ntlmam 1of mhbfghmrltxﬁhasyhev
.ol e wicohviain ftdme6 tocd2perboh atommrlbe ebt!iaed 'i"e?f °'<t'?1@s aying 1y
\i quor te 2R cerbomrptemg cap b obtaised ay high, selecvi g{td%lmsf ‘ I%c?h X c[i t
cat aI ys‘i‘““'i"‘!‘mﬂ& f"}fe‘ﬁ““rmﬁ’"zuon or RaLtow :2ne¢ By aprreprialgly gelaclipg the rpach
et hy¥erf@ é :g& P \bbe Bl SOHk fPicBort UM nisBd ieAbaNED c&e.%&wehad
. sol Ve“tma’v beauéa&% RS m«%rdd fterCurifEhtibR MGIRIs@ bslh Staking MatériaPfor tiresctibmed
. reaction meaﬁwreu-bnfﬁabfmﬁutaomumml that proces{ @f ity Ipessbainvetipn ofen diehysedne
~-ef fi ci esuivhntageblsly gresscorambaienion greparingl verieusopalimeraiand elsaieraploves in werioys ejdsef
i nveat ||m!us:rmhq!di§ plastiizors, ptaging roaterialg for ngpwcequﬂgéemve Pt i ed et hyl ene
- gas for pdesarding mhmrpse@t' m: Qliqvy

e

-t enper a‘f’&r %H’Q fldg, .Jn !

- fr 0 10‘6’ i ularl ts Bfe from’ zﬁcétﬁur”%l:ﬂl&ld%q;\) ﬁlmﬂhlﬁnlﬂﬁl@esﬁu@aaﬁde
- [er r (ﬁau%rpi PSRUFE bt awﬁhﬁraﬁhys&e&m&lmem-tm@ad 2dlicyTelomipiainy kompaiand (8—2),
pr es s ur ganticulbliig trisfiglaturdniuinl 81l at bastoualéwis base (TiSelattad frars thegraup3onsisting of methy!
.. pr ef er adisupfide; thinphénenthinuress triphedylphoaphiney dn'iﬂh@w@#mlmwe stheﬂhtqm itvf prshvhene

. pr epar athessreatslystsisee usad lingas p-olefing pthighan m%%we ;mm By-produced
g Iroeag‘i"i oﬁ;ﬁ*’g"ﬂ%@? rfaghe. ‘E?gf'PP ¥ieidat '"P'W f‘ﬁ’ '35§§?1’8e°'b aﬂ' “é‘ﬁ'&lt%c'é'f’"?e can be

Further, in the process of the present invention, addition of a nitrogen containing compound upon
deactivation of the catalyst in the resulting polvmenzatlon reaction product liquor obtained by
oligomerization of ethylene the content of halogen in the linear a- -olefins can be reduced and linear a-

65 olefins of higher purity can be prepared.




It is preferred that the préparation of the catalyst is carried out under

t he at nosphere of ran i nert gas such as nitrogen, argon. 60 Further, it is

desirable that starting materi ?4qr§g§ qu t he catal yst, solvent and

starting materials for polyneriZatio ed sufficiently. However,

COop¥esencdn abdidorywher the sawbdtioti is cdrriebow atihigh tamparatursObgehrodaetion efs-uixttsmpnnent is

i ncr eas® asmall kmoun@nd thespfare dpesationekredfpiyangs ofthreprocassiis ymprovadugredtivethysanabling
~exanpl eloss Pfq‘i‘é‘:‘t?f‘d%’t‘ss for preparing linear a oI ef| ns according to the

present invention will be describad | 5§ That is, in a vessel
equi pped W, rﬂéetﬁndv@ﬁtﬁfﬂ vt.hst Bedtf gqr, aegreﬁs a.mﬁmwmceewefaowmale&mamw
EP O 2430 #ipiachl ori de, Conponent B, et hyl al um ™ni um

sesqui chloride, in the solvent, e g., benzene, under t he atnosphere of the
i nert gas, e.g., argon, ni trogen abhnipdestiedldat a t enperature of from 60 to
[err]lOfBrrepdramEltempb of garalytr{Breparatign ¢f Gatalyst l-'ﬂ'gﬂfto prepare a cat al y

preparat i d F" f'As BquipRSA With tah%"’(?at“&:% '§°“'“m

obt ai nef§'"g "t' °ft‘UV WH%P" ﬁ% E?n cF'?" d;t °éa°g§'f'f' mé’F'
d l iniu nd sh a 1 in0 su

the'a @#@é&éﬁ U Wi I A

and the Q nn Qxa%pleﬂ bQQh@@ﬁ)s h§ r@l. isSIRfAL WerdfSre! N
the vi cmlrwoaete:hﬂamntrﬁrmeésaa.wr&deqt sQUged), hﬁd&i‘elrﬁrithﬂgv Qtrrﬁéﬁ@m&ﬁ3cﬁiirﬁnkéﬁ$t
| i quor . toAmbtain & esalydt pedpatakien igudpar ati on of the catalyst in this nmanner a
conpl ex cdfthah.yiss 5efoml theed-necioffaskweieriatooduged dra bentenaarsithaeatalyst prenanation liquor in
tetrac hPrer‘?ter@'wcwmmar eat'\rsm widerthedip whereu%ara% &weahua%%methetwums

b A e "r'ﬂ o °'f'ﬂ° Rl R R o
i ect | Poublactilidovt gﬁ"ﬁleo i Vb Bt s a0t iR ot l.
ITQUOT  fr$hulds W3t KRB R kep enperature o rom5
to [err] under the atrmsphere of an inert gas, and while stirring the
cat aky sPreparapitdrExamgie®f a@idfiai (Oligigneizitidnaot Ethylead) as hi gh purity ethylene is
I nt r oducedn g dllitepadclive eglipgeshwith a stTcer etah ritrordeced tibogatalistliqubOnrepareibindhe dhove-

react i ofeserhediprapasayon i’@mp'e of aptelyst by CB'P‘@M@S e'F'ﬂﬂ H@Es‘%éﬁq asgprgmder theatmosphers of

: convent?’dﬁ%”s:a‘f’aq e q\a F'ﬁgﬁ%’ élgfé 5"?‘&’( W&F?‘aﬁﬁl"ﬂ‘f‘?'on
or ap, ol ???é% Lﬁ’éﬁ *&JEE L8 Zﬁﬂ%ﬁﬁﬁ éﬁf;.%é%t 8
“react] offeffl hé‘?&% @' HedChin bé ptrgducton of
deact i vahjige ﬁ&%ﬁnmk i &h ﬁﬁd’hn Eer.G Rlko mdMitaif X vBAdtion PRk&ire. Ak A8 fdaBtion was
( monohyetintisueal fo0hbd e withahaifiegidingahé eacttnl conditires dnCagabalsfaolution GfcspdiumChydroxide
al cohol wes atesgpdrtochelauobevesio deastivate theadatatisbbeg thu Qemindie thel feectimoi Trep, the
: phenéﬂ st"W'EQP?%é'eE‘WWBW"%%t i vat ed |t |s referred to add a nitrogen

fpruse s tqthe reactlon
descrl b%;(? : q‘tﬁ ene put u ' °8‘P" %’ j
LG
'3& On he'i -oBiaWeQ%ﬁpr%‘ ﬂhmoﬂg)f fe¥otpsatertians probl gtfb émrc%hﬁgag

: prl ty THe yidl® of thé pdu&-wils btaihed 3 internalRaridard rh&ﬁodﬂl tr ogen contal ni ng
. conpounds,Ort the pthecizand/tbe @iak esnpdnant whiehwbefiltensthorn was ewighed sfes it vas hir dded and
et hyl a!er'néﬂedemhy’ﬂamméﬂerpt@psﬂlsam n626.6%110%Pa @dremHpknt y| am ne, hexyl ami ne,
cycl ohexy| A8 E’ of 8 {ractign Wd%%“éﬂﬁ?"rfé"m ﬁ"Y“r't‘B‘F'%\éﬁ'f\y'Pa'fﬁ“rfé‘W operational loss
naph‘f"’hy‘f‘%‘ m@Y A(Jg} Re.n SigLIY am ne, dibutyl anine, di phenyl ani ne,
met hyl phenyFam ne, iy ?a"nt"né’ triethylamne, tributylam ne,
tri phenl yam ne, pyri d| ne pi col chfpardfive ExamplegS£5Ni t rogen contai ni ng
_conpounds ThaBarkepidc&Tiresias i Sxafipld Vvefd repsaied extept BRI sHOWA ™ TELRH, atleast one of
- conb$m atiicomum Tereacbliodds, entylaadninﬁmofesqmcmorkfeeambhytmndratnpbmemddstohmwu andgen

. cont ai n#mepnt ofrpeshrrempauient used pmttueawlpo&pnmgomgwtas indicated in Table 1. The results
g obtain~d are shown in Tabie 1.
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After deactivaticon of the-catalyst in the above-described manner the
'resul-ting product |iquor contains 35 high-content of linear a-olefins -
- which have from about 6 to.abouEP40 241696 aBdns, ‘particularly from6 to 20
carbon atons in good yield and which do not contain hal ogen. On the other
h@d, by- production of wax conponent TASLE &nar kabl y reduced. The reaction
product |iquor aft%r Iv(gteact ihvati on ﬁf the catal yst can be subjected to
.post -treat nents, Y washi ng it tere sep ti uc s extraction,
filtration; dryi n?g 85'{%3" recover théé\aobi %’E?i vgggrb uétssLa‘A i.e., linear
o-olefins of highzayity in hhgh effygi engy. Thed isezaccerding to the
-process of the present- invention, linear a-olefins of such high purity that
they contain fromedsSCb 22 cambrost at o8 can.0be ot ai ned stably in high
yield. And linear a-olefins having from®6 to 20 carbon atons can be

obt ai ned at high REAEttivitymmel i s possibte to—control the carbon atom
nunber distributi g,g pf the pr odéjct to a further_narrow range by
appropriately sel ing the A%t ion"condiTions, 45 catal yst conposition,
concentration. The\'hleH?-Bd et W,{,ﬁne 0jpa | @y boifdgd ng poi nt gigracti on
contai ni ng unused et hylene which is recovered may be used as it is or
recycl ed after pumads‘cati on fnefioiuse as a startisg materi al—for the
reaction. The linear a-olefins prepared according to the process of the
present invention Toigfirege usedrmelvant ageousty as—a comononer for preparing
vari ous copol yrrer§ g,nd al so enployed in various fields of so industry such
as plasticizers, Forti ng nma Pai s for preparing surface active agents.
According to the gigpsent inveghion, the fqllow ng effects _can be obtained.-
That is, in the process of the present invention, use of the catalyst
prepared from a ziameni um hahélsol ans.or gasmal ure.;i uns.gonpasnd and a
specified Lew s base enables preparation of |linear a-olefins of high purity
and reduction in tBeszeaepunt ofMby- prafduceddiax.2565 250 \bR¥ particul arly,
the catalysts prepared fromzirconiumtetrachloride (A), alklalumnium
sesqui hal i de (B- 1)R Olio m xture of al kyl al um ni um sesqui halide (B-1) and
al kyl al um ni um coqﬁggﬂ ~(B-2), particularly trialkylalumnium and at | east

one Lewi s base (C fromthe group consisting of nmethyl disulfide,
t hi ophene, thi our qempbmatupdienylephosphigoes azal t rzoct yizehospso ne have a high
activity, and when these catalysts are used |linear a-ol efins of higher
purity can be prefPsssete t he ¥MBmt of34@as BA3 pr ¥8cedd00 3h be reduced
further, and the yield of |{Ke&MGh- of38}i n$Hase@on 148 ziFRoni um
tetrachl oride can.lb"e‘ increased. Furthar, ig, the_ procegs of fhe present

i nvention, additioflof a nitr®en contai ni Au_cofpound upon deactivation of
the catalyst in t RPeA§Sstbhds6r AMINIRINIAA sksdlichi@Add.i on product i quor

- obtai ned by ol i gorspDEAC ktafds f6f digthilslumiiiumialonaat ent of hal ogen in the

| i near o-ol efi ns GhNEAstandsdocTribtipadurhinivaar a- 65 ol efins of higher purity
can be prepared. 3) MDSERrds fot meginyd disiifide.n addi ti on, when the reaction is

- igarried out at hi %Tg?e d?ﬁﬁp%ewgmmcti on of wax conponent is in a
smal | amount and tHEPEFBPES IBHEIOAPBPRAM8er f or mance of the process is

i nproved greatly, thus enabling |ong production runs. 5

EXAMPLES The present invention will be described in greater detail with

reference to the follow ng exanpl es and conparative exanples. Exanples 1-14

10 Preparation Exanple of Catalyst (Preparation of Catalyst Liquor) In a

1,000 M flask equipped with a stirrer were introduced 50 mmol of anhydrous
- zirconium




tetrachloride and 472. n of dry benzene under the atnosphere of argon and
the resulting mixture was stirred for 30 minutes. To the m xture was added
- the al kyl al um ni um conpound shown gp @24 588 B$uch an anmount that it
occupies a nolar ratio to zirconiumtetrachl oride calculated fromthe
amaunt indicated in 15 Tabl e .1 (forTABkRiidontinyed) Exanples 1 to 4 and 6 to 9
the nolar rtio of [err]@;!s' 5.0 and therefore 250 mmol of ethylal um nium
sesqui chl ori de was addemdlystand the mi xture was stirg.ed 60C for 30_
mnutes to obtain a cat¥MRESHtiopr epMndt i oné’f"f’ qugf".§ Tté‘% ?'%f"% 500 m
three-neck flask were %{E}roduced Mg benggne gyl t hgacat glyyst preparation
| i quor in predeternined anounts, respectively, under the atnosphere of -
argon, followed by adjgsgdd'ng the mapunt s120 of1.@i rceoi umitoet rachl ori de, the
et hyl al um ni um conpound i ndi cated and benzene to the values indicated in
Table. 1. To the resul DEAR] mi xt urmmehs added a-predeterni-ned anount of the
third conponent (thiophene, thiourea triphenyl phosphine or
trioctyl phosphi ne) andT&e ni xtur®Rhs stTrred at roomténperature for 10
mnutes to obtain a caﬁgla“s;‘ l'iquar. ;25 Preparation_Example of a-QOefin
(Aigonerization of Et ?eﬁe‘} In @™ 1iter autocl ave equi pped with a
stirrer was introducedypBe catal ygnol | qu@logpr epared-4n the above- descri bed
- preparation exanple of catalyst by conveying using pressurized argon under
t he atnosphere of dry Thigoea The mewper at-ttre d&6t he-aut octave was kept at
50 to 60C. After the charging of the catalyst |iquor was over stirring was
started and high puri ﬂ]"”ét hyl ene 8¢ was Tnt r"o‘d'ucedo'Fapi dly into the
~autocl ave and 30 charg'&g was continyed until the insidegpgessure reached
. t™e reaction pressure indicated in Table 1 and then the tenperature was
el evated to the reacti gt enper akié/gol Ndispat edson Tglel € k.o | ntroducti on of
et hyl ene was continued in an anount necessary to nmaintain the reaction
pressure. After the reBetzeren was comhti nu@d f or25¢ ho2f0 wi 280 mai nt ai ni ng t he
reaction conditions an aqueous solution of sodium hydroxi de was pressed
into the autoclave to deactivate the catalyst and thus term nate the
reaction. Then, the 35.%%H owi ng post-treatnents were carried out. At
first, 20 g of undecangmf Of°"use as an internal standard for chromat ogr aphy
was added to the react rghpdistaduct &nd t hape waxizpompement 1g@s filtered out
using a filter paper. The wax conponent on the filter paper was washed
sufficiently with benzBreesue drip<@9Ren |i 308 f3a8ti 0383 n BH2 filtrate. The
product in the filtrate was  -wasHkglCmigce 3%t h B8 n¥3%bf dBoni zed water and
~dried over anhydrous pgtassium carbonate. _40 The_t hus-obt ai ned
~ transparent solution o M%e react iR pr odft wR ana?oyzed y gas
- chromat ography. The vyi r ; Li by internal standard
“nethod. On the ot her.h%ﬁﬁﬁﬁéﬁﬁ%ﬂﬁﬁﬂﬁmg filtered out was
wei ghed after it was aByTEN dstds dtTriethglalehiniesl. i 1 @ vacuum drier at, a
-pressure of 26.6 x [ er ) DS swhigs for Methyldisifideof C4 to C8 fraction was
“e4l cul ated from the SchLTRPatdndefor tipihenylphasphine since operational loss 45
coul d not be avoi ded. $hEOR ®andsdar tesephnsahing-e shown in Table 1.
Conpar ati ve Exanples 1-5 The sane procedures as in Exanple 1 were repeated
~except that as shown in Table 1, at |east one of 50 zirconium :
"~ tetrachloride, ethylal um nium sesquichloride and the third conponent was
omtted. And the anount of each conponent used and the reaction conditions
-~ are as indicated in Table 1. The results obtained are shown in Table 1. 55
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EP 0 241 596 Bl TABLE I Catalyst Composition  Unit Ex.1 Ex.2 Ex.3

Ex. 4 Ex.5 [err]. . mrol .. 1.0 -0.2 0.2 0.2 0.2 EASC
ol 5.0 1.0 1.0 1. (Ep wzjﬂgs]g'] mol - - -
- - - TEA3 nmol - Thi ophene nmol 2.0
0.4 1.2 1.2 0.4 [er r] TABLE 1 (Wﬂ“nued’ - - - Jerr]
nmol Thi our ea nmol - [err ) nmol
[err] mmg:' . ol 0 2.5
Benzene mp“i?%o U"'QS EQ@SOE’”Q %‘2 Eﬁ‘éﬁ Féactr on Condr tion
Tenperature ,13 ot 189 0220 0.1 120905 13@sPressure

- [err] 34.3 34 34.3 44.1 34.3 [err] (35) (35) (35) (45)
(35) Tine EASG! n. mGol 0450 093 6038 @88 0330 1) EASC

stands for ethylal um ni um sesquichloride. (29% DEAC st ands for
di et hyl al uni ni um dA67 i de. 3yrmeiA st@Ads O8F Triethyral umiTium 4) MDS

stands for nethyl sufide. 5) TPP stands for t he ph hine. 6) TOP
stands for trioctylphosphi ne. 1)"7°' EP 0 241 596‘%?2 T&é %%?conti nued)

Cat al yst Corrposr trﬁ,ﬂ, heneUnr t mmolEX' 602 EXoi4 Pp3P %9 gl nmol
0.2 0.2 nmol 1.0 1.0 1.0 1.0
[err] mTD|MDS‘_ - mmol— —- = - ferr] -~ — nmol
Thi ophene ol MDS4 nmol 0. 08 - - - Thiourea
nmol - (O'hipurea - mmol [ er r} - —mol — - - 0.4
- [err] l - - - 0.25 Al /Zr mol / nol
5.0 5.0 50%20 mmol o~ = = = =
. mmol —_— -— —_ _— —_
Nt

AllZr mol/mol 4.9 49 4.6 9.2 88

Benzene - ml 250 250 250 250 250

Reaction

Condition

e Fi

Temperature °C 120 100 120 120 120

Pressure x 10%Pa 343 343 343 343 343

(Kg/lCm?G)  (35) {35) {35) (35) {35)
Time - min. 60 6 60 60 60

1) EASC stands for ethylaluminium sesquichloride.
2) DEAC stands for diethylaluminium chloride.

3) TEA stands for Triethylaluminium.

_ 4) MDS stands for methyl.disulfide.

A 5) TPP stands for triphenylphosphine.

6} TOP stands for trioctylphosphine.

R~ S



Benzene oo 250 250 250 250 Reaction Condition

Tenper at ure C- - 120 120 120 120 Pressure [err] 34.3
34:3 34.3 34.3 [err] (35) (3EP 024%)596(B1) Tine m n.
60 - 60 60 60 1) EASC stands for ethylal um nium sesquicnl oride. 2)

DBAC stands for diethyl al uni ni um chTABLE ddcontipuetEA st ands f or
Triethylalumnium 4) MDS stands for rret hyI disulfide. 5) TPP stands for

tri phenyl phosphi ne. Gpfelvetp stan s, for %tg(lngpéppl EEEQ £ xsEP 0 241 596

Bl TABLE 1 (conti nuetf™Re3a? yst Ef('mpog f‘l 0 .11 Ex. 12
Ex. 13 Ex.14 [err] 2 - MOl pymot 0- 102 003 01 - 09.05— 0.05 [err]
- ol 0.47 0.93 0. 0.38> 0.33 [err] mol 0.02 0.05
- [ ergdsc’ mwoeol 10 - —  -10 -9.08— 0.08 0.11

Thlophene nmol 0.2 0.4 0.2 0.3 0.3 [err ol

- - TBBASGrea  mmaipl ‘FPPS - m’r@)l‘z% e
mml AI/Zr nmol / ol 4.9 4.9 % 9.2 1 8 Benzene
m 250 250 TEM50 ogpmol  o50- Reac?tl on Tondi 1% Tenperature
C ) 120 100 120 _Pre re _ [ger] — 34.3 " 34.3
34.3 34.3 34.3 [“"J"?'Q“(ss) 2r9’“(’35) 35 °% (35) (35) Ti me
m n. 60 60 mps* 60 fPol 60-1) EASC stands —+or ethyl al um ni um

sesqui chl oride. 2) DEAC stands for diethylal um niumchloride. 3) TEA stands
for Triethyl al um ni ufhioutga NDS gtamads for nettryl disul frde. 57 TPP stands
for triphenyl phosphi_PP% 6) TOP stands for -tri octyl phosphine._9

mmol

o TOoP*® mmol —_ —_ —_ —_— —_—
Al/Zr mol/mol 5.0 5.0 o 2.5 o
Benzene ml 250 250 250 —_ 250
Reaction
Condition
Temperature °C 100 120 120 120 120
Pressure x10%Pa 34.3 343 34.3 343 34.3

(Kg/lCm?G)  (35) (35) (35) (35) (35)
Time min. 60 60 60 60 " 60

1) EASC stands for ethylaluminium sesquichloride.
2) DEAC stands for diethylaluminium chloride.
3) TEA stands for Triethylaluminium.
L 4) MDS stands for methyl disulfide.
- 5) TPP stands for triphenylphosphine.
6) TOP stands for trioctylphosphine.

10



EP. 0 241 596 Bl TABLE 1 (continued). Catalyst Conposition  Unit C Ex.1

CEx.2 CEx.3 CEx.4:-C.Ex.5 [err] . mol - 0.2 - 0.1 - 0.1
[err] ol 1.0 - - EP 02417596 81 - DEAC2 ol

- - 0.125 0.5 [err] nmol - 0.5 - -
0.425 - Thi ophene mol TABLE 1 {continued) - 0.2 [err] _

mol .- - Product Exahplotr eBxample 2 MEsample 3 - - [err]
mol - - a-Olefin = - cr P [er¢] P c Aol

- - - s IIUII ot 56 50 ;err] 2.5

[err] Benzene - m 250 wb¥%) Jege) W%} 250 Reaction
Condi ti on Tenperature C 1 20 2 120 Pressure
[err] 34.3 34.3 349 a4 2:99 03 [se?r]]‘%g( 313'3‘21 q?%S) (35)  (35)
(35) Tine mn. ¢ 60 2716099 1060100 8 10060 1) EASC

stands for ethylalum nium sesqui chloride. 2) DEAC stands for

di et hyl al umi ni um chl oride. ¢§) TEA séand=sf os0.7ri @8hyi48 urfdhi um 4) MDS
stands for nmethyl disulfide. 5) TPP stands for triphenyl phosphine. 6) TOP
stands for trioctyl phosphirf@e 10 12.8P $72410496 981 ‘I#é 08 (conti nued)

Pr oduct Exanple 1 Exanple 2 Exanp Aelin P C P
C P (wt.% (Wt . & ‘5’9% [e?aF %' 92,.% 100 6.4 100
15.2 100 [err] 21. 1. 99 1966 k00 745. 37 1068 [ e8] 16.9
98 10.7 99 14.3 100 [ert] 12.2 97 10.4 98 12.0 100 C12
8.6 95 9.1 97 9.2 99 Cl438 93560 D6 &46 9797 6.8 98
[err] 3.8 93 7.0 96 5.4 97 [err] 2.8 92 6.2
96 4.9 96 Cie 28 92 62 9% 49 96
\"-‘/_.
Cao. 48 — 202 — 137 —
Wax (wt.%) 0.3 8.8 _ 3.2
Yield (g/g-ZrCl,) 1530 2320 1900
| N
TABLE 1 (continued)
Product "Example4 Example5 Example 6
a-Olefin C P C P C P
(wt. %) (wt.%) (wt.%)
C. " 145 100 94 100 107 100
o Cc 148 100 104 . 100 126 100
Cs 134 100 100 100 134 100
Cro 11.9. 100 94 99 121 100
Ci2 93 100 82 98 99 99
Cua ‘70 100 66 98 74 98
Ce 58 99 57 96 67 97
Cis 47 98 50 94 60 9
Cao. 44 — 173 — 157 —
Wax (wt.%) . 42 . 180 55
Yield (g/g-2ZrCl,) 2760 2600 1720
Notes:
“C” and "P" stand’ for composition and purity,
respectively.
Purity is expressed in terms of wt.% of linear n-olaf ins in
fl each fraction.
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lerr] ‘4.8 - 20.2 - 13.7 - Wax (w.% 0.3

8.8 - 3.2 Yield [err] 1530 . 2320 ~ 1900 TABLE 1 (continued)_
Pr oduct Exanpl e 4 Exanpl e EP mmm A efin C P C

P. C P(w.% (wt 14.5 100 9.4 100
16~7 100 [err] .  14.8 100 W‘%”‘i‘b nued) g pieog [err] 13. 4 .
100 10.0 100 13.4 100 [ef! "f,: Er’ﬂ“ °7106§ 99 12.1 100
ferr] 9.3 100 8.2 % 99Perrq .. 7.0 100 6.6

98 7.4 98 [err] 5.8 99 5,,,,,7%) 96 (Wi} 97 [err] 4.7
98 5.0 94 6.0 96 [err] . - 15.7 - Wax
(Wt . % . 4.2 18.0°¢ %5% Vo d'% err§° 2760 2600

1720 Notes: " C' and "P" stand for conppsitiogn @yl Rpgity, respectively.
Purity is expressed in terms of *w. % of linear a-olefins in each fraction.

EP O 241 596 Bl TABLE 1 (contirmged) Prozigict 99 12Xxanpse 7 Exanpl e 8

a-defin C P C P(w.% (Wt.9% 4 15.0 100
12.2 100 [err] 14.5 1@% 12.910200%ert}? 98 12.6 99 12.3
98 [err] 10. 2 98 11.1 98 [er 7. 97 8.9 97 [err]
5.5 96 6.8 97 [err] C 4.0 %%s 9 989 969ferr] 3.4 95
5.1 96 [err] 12.1 - 15. 3 %6 ( Mg dd o7 15.0 9.5
Yield [err] 1500 730 TABLCE‘ 1 (contl nued) Product - Exanple 9
Exanpl e 10 Exanple 11 a-0d efirg, C 40 P9 G9 96P C P(w.%
(wt. % (wt. % .
Cie 34 95 5.1 96

A Cao. 1221 — 153 —

Wax (wt.%) 15.0 9.5

Yield (g/g-ZrCl,) 1500 730

 TABLE 1 {continued)

Product Example 9 Example 10 Example 11
a-Olefin Cc P Cc P C P
(wt.%) (wt.%) (wt.%)
C. 9.0 100 98 100 . 1.8’2 100
. Ce 95 99 108 100 175 100
: C, 10.9 98 104 100 15.2 100
Cio 97 97 100 99 124 99
Cs2 89 9% 87 99 92 99
Cia 79 95 71 98 66 99
Cie 83 94 5.9 98 4.8 9
Cus 73 93 53 88 44 o8
_ Cao. 182 — 204 ~— 113 —
Wax (wt.%) 10.3 11.6 0.7
Yield (g/g-ZrCl,) 1850 3790 2730
Notes:
~ *“C” and “P” stand for eomposnion and purity,
respectively.
‘Purity is expressed in terms of wt.% of linear a-olefins in
each fraction.

12
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c4 9.0 100 9.8 100 18.2 100 [err] 9.5. 99 10.8 100
17.5 100 [err] - - 10.9 98 10.4. 100 15.2 100 [err] 9.7
97 10.0- 99 12A 99 [err] EP 024959681 8.7 99 9.2° 99 [err]

7.9 95 7.1 98 6.6 99 [er s 94 5.9 98 4.8 99
[ 651 ] 7.3 93 5.3 . ’%“I““E@“ &r] 8.2 -  20.4 -
11.3 - Wax (wt. % Produclo 3 Example 121 Exgmple 13 Exgmple Vel d [err]
1850 3790 2730 Nefies: " @ anff "PCstald f&r cofposition and
purity, respectively. Puri ty | S expr din te]é?ms W(% % of | i near
a-olefins In each fraction. I9"€'2§41 5%’ Tab ‘ (conti nued)
Pr oduct Exarrpl e 12 Exa-_rrpl e 1312;Exa||wl e17%4 3o6) afisn 100 C P C
P C P(w.% (Wt . /() .9 [err] 12.3 100 17.9
100 17.3 100 [err] c,13 11)(7 517.510Q000 1867 160 [err]
12.0 98 15.2 99 14.3 274 11.3 97 12.4 98 11.8 97
C12 9.2 96 9.0 Ca98 98 [‘ézr] 8¢ 14379 96 6.4 97
6.1 95 [err] : 6.1 _ 96 5 0 4.8 98 [err 5.1 97
4.0 96 3.8 92 [err] So 18 113 97 2f g 98 8'[814;76 - Vax (wt. %
5.7 1.0 1.9¢Yield [ef5] % 4%700 o8 11880 g¢¢ 15620 TABLE 1
(continued) Product C. "Ex. 1 C. C. Ex. 3* a-Aefin C
P C P .C PCEW.-%9 7.2 (\86.%6.4 97 (W6.1%) $%rr] 10.9
100 [err] 11,7 99 [err] 11. 4 97 [err] 9.7 95
[err] 8.6 92 [err]Ciw G1g 98959 96 48 98
. Cis 5.1 97 4.0 96 3.8 92
~ Cao. 181 — 116 — 146 —

Wax (wt.%) 57 1.0 19

Yield (§Ig -ZrCl,) 4270 11980 15620

TABLE 1 {continued)

Product C.Ex. 1 C. Ex. 2* C. Ex. 3**
a-Olefin c P C P C P
wt.%) wt.%) - (wt.%)

C. 109 100

C¢ 17 98

N Ce 14 97

Co . 97 95

Cia 86 92

Ci 68 89

Cis 53 86

Cie 50 85

Cao. 155 —

Wax (wt.%) 15.1

Yield (g/g-2rCli) 2600

Notes:

“C” and “P” stand for composition and purity,
respectively.

Purity is expressed in terms of wt.% of linear a-olefins in
each fraction.

* Only high polymer was synthesized.
** No reaction.

13



[err] 5.3 86 [err] - 5.0 85 [err] 15.5 - Wax (w. %
15.1 Yield [err] - 2600 Notes: "C' and "P" .stand for conposition and
purity, respectively. Purity is egpeogﬁﬁ 595t3|1ms of wt.% of |inear
a-olefins in each fraction. * (]; ol yner was synthesized. ** No
reaetion. 13 EP 0 241 596 Bl Tabmwﬂge

WPﬂued) Pr oduct C. Ex. 4
C. Ex. 5** a-defin C P C 29 C4 [err] C 15
[err] 20 Product ¥Vt ber r ?‘SW
[err] Vx (wvt.% Yield [err] 36%‘%5_ "C' and " ' qjand for conposition
and purity, respectively. Purity is expréass®d in tarces of wt. % of |inear

a-olefins in each fraction.. * Only high polyner was synthesized. No
reaction. Exanples 15-26 40 Prefaration Exanple of Catalyst (Preparation of
Catal ys}, Liquor) The sane procedures as in Exanple 1 were repeated except
that the catal yst conpositions ©mdicated in Table 2 were used to prepare
catal yst preparation |liquors. TQen catal yst liquors were prepared fromthe
~catal yst preparation liquors in the same manner as in Exanple 1. 45

Preparation Exanple of a-Oefing, (O igonerization of Ethylene)
15

20 C,.

25
Wax (wt.%)

Yield (g/g-ZiCl,)

30 _ . -
Notes:

“C” and “P” stand for compositicn and
purity, respectively.

Purity is expressed in terms of wt.% of
linear a-olefins in each fraction.

*  Only high polymer was synthesized.

** No reaction.

Examples 15—26
40 Preparation Example of_CataIyst {Preparation of Catalyst Liquor)
The same procedures as in Example 1 were repeated except that the catalyst compositions indicated in
Table 2 were used to prepare catalyst preparation liquors.
N\ Then, catalyst liquors were prepared from the catalyst preparation hquors in the $ame manner as in
' Example 1.

35

45 .
Preparation Example of a-Olefins (Oligomerization of Ethylene)

Polymerization of ethylene was carried out in the same manner as in Example 1 éxcept that the
deactivating agents shown in Table 3 were used and the nitrogen containing compounds shown in Table 3
were added in amounts shown in Table 3 prior to the addition of the deactivati,.g agets, and then the
50 catalyst was deactivated. '

Thereafter, the resulting polymerization reaction product liquor after deactivation of the catalyst was
washed with water, and the concentration of chloride ion in the oily layer thus obtained (a8 mixture of
benzene as a solvent and linear a-olefin produced) was determined and the chlorine content of the
resulting linear a-olefin was obtained. The same post-treatments as in Example 1 were carried out. The

55 results obtained are shown in Table 3.

Examplu 27—34
As shown in Table 3, the same procedures s in Examples 15—26 were repeated except that the
nitrogen containing compound was not used. The amount of each component and reaction conditions are
&0 as shown in Table 3.

The results obtained are shown in Table 3.

65
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Pol yneri zation of ethylene was carried out in the sane manner as'in Exanple
1 except that the deactivating agents shown in Table 3 were used and the

ni trogen containi ng compounds shBEM 0 2418968 Biwere added in anmobunts shown °
in-Table 3 prior to the addition of the deactivating agents, and then the
56-¢at al yst was deactivated. Thereaf t 8L e resul ti ng pol ynerization

reacti on product |iquor a gﬁfi.. i on ofy,the catal yst was washed with
wat er, and the concentrat %‘E{‘%ﬁ?&c 3';{'?{'19 ion 'i'"rr‘]'pt he.oily |ayer thus

obt ai ned (a m xture of hebmemetrschidrid®! vent adifotl | neqos a- ol ef i n produced)
was ‘determ ned and the chlorine content of the resulting linear a-olefin
was obtai.ned. The sane Bmdaluminam sasquichloridei n @ehlnpl €0.21 were carried out.
The 55 results obtained are shown in Table 3. Exanples 27-34 As shown in
Tabl e 3, the sane proceligptwldluminipm Exampl es ™86 weP84 1 epeat ed except that
t he nitrogen cont ai ni Ngpcom ound was not useg‘,.b (;Il'he ynt of each conponent
and reaction conditions &are 50 as shown in Tapre 3. e results obtained
are shown in Table 3. 6§z14 EP 0 241 596 R/mifBLEs2 Cat al yst Conposition

Unit Zirconiumtetrachl oride nmol 0. 05 Et hyl al um ni um sesqui chl ori de
nol 0. 21 Tri et hyl al urBenkemn _ mmol  mi0. 04 280 ophene '
mol 0.30 Al/zr mol / nol 5 Benzene

m 250 Reaction Condition Tenperature : [err] 120
Pressure Reaqtigp Cpnditions ;3 [ err] (35) Tinme

m n. 60 TABLE 2 (conti oduct o CONMPOS4d | ON Purity
a-olefin [err] ITQMB%E‘.UEI 100 Jerr] 4 15.1

100 [err] 14rddsure 99 [ errk10°Pa 343 12.3 98
[efr] 9.7 98 [err] (Kg/em?G)  (35)2 97 [err]
5.8 96 [err] 96 [err 14. 2

- Wax (w9 Time 1.6 min.

TABLE 2 {continued)

Product Composition . Purity
a-olefin
C. ' 149 100
C, 15.1 100
" Cy ‘ 14.0 99
Cuo 123 98
\/ Ciz 9.7 98
Ci 7.2 97
Cie 5.8 | . 96
. Cue b2 96
Cao. 14.2 -
Wax (wt%) 1.6
Yield (g/g-ZrCl,) 10300

Amount of a-Olefin (g) 120




Yield [err] = 10300 Amount of a-Oefin (g) 120 15 EP O
241 596 Bl TABLE 3 Zirconiumtetrachloride: .0.05 nM Triethylal um nium 0.04
nmv Et hyl al'um ni um sesqui chl ori de:EP. 81241596 BV Ex. 16 Ex.17 Ex.18 °

Ex.19 N-Contai ni ng TEA TEA TMA [err] [err] Conpound
(28% Anount (V) . 14 4ATABLE3 90 - 10 165 Tenperature
(O 20 . 20 . . . 20 Deactivating Agent

Viat er Wat er O%Mf"gf’m\}%'faﬁbmg%s%unt (g) 10 10

10 10 7 frietfyRinBfilmt Bolmpfuct (ppm [err] [err] 2

52 [err] 2 - [err] 2 TABLE 3 (continued) Ex.20 Ex. 21 Ex. 22

Ex. 23 Ex. 24 N Coréteyislimigium sds@uichloridef @27 inMCompound (10% (10%
(10%9 (10% (28% Amount (mV) 58 29 29 18

165 Tenperature (C) 20 _ 2.9 B Ex.16.0 E>t17405x 18 1@8@eact| vat i ng

Agent '
9 4 o %’ |EE49r oduc.lEE(pprr)
Bl TABLE 3 (conti nued I'rTconiumtetrachl oride:

Tri et hyl al um ni um Qm@dm'}%#t hyl.glgum ni uny sesqwgbhl orjgle: gs21 nmM 10

9
EP 0 241 596

v

Ex. 25 Ex. 26 Ex. 28 Ex. 29 N-Cont ai ni ng N- MP
TEA - Temperaturq {°C) - Qonpound20 20 - 20 20 - 15
Amount (nmM) . 17 14 - - -
Deactivating
Agent Water Water Water Water Water
_ Amount (g) 10 10 10 10 7
et Ci Content in
Product (ppm}) <2 =2 =2 =2 <2

TABLE 3 (continued)

Ex.20 Ex.21 Ex.22 Ex.23 Ex.24

N-Containing NH, ag. NH, ag. NH, ag. NH; ag. NH, ag.

Compound (10%) (10%) {10%) (10%) (28%)
- Amount {(mM) 58 29 29 18 165 e
o . .
Temperature {°C) 20 . 20 40 40 120
Deactivating ' .
Agent Water. Water Water Water Water
Amount (g) 9 .9 -4 4 v
Cl Content in -
Product (ppm) <2 s2 <2 4 22
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Tenper ature [‘err] . 20~ 20 100 . 20 . 20 Deactivating
20

. Agent- : Met hanol. Met hanol Wat er Wat er Water*1
Anmount ( Q) 10 10 50 50 d Content in
25 Product (ppm) EP70 2415 erBr'ﬂ 2 200 80
80~FABLE 3 (continued) 30 Ex.30 TABLES (®btinued) Ex. 32 Ex. 33 Ex. 34
N- Cont ai ni ng Conpound 35 Anmount (nmM Tenperature [err] 40 40
40 20  Zirconiv® tékfachloride: 0.05 mM Deacti vati ng Agent - Met hanol
Met hasiol *1 Butanol Cctanol Methanol Amount (Q) 5 5
5 5 TriethyBlugtipium: 0.04mM  C| Content in Product (ppm 50
45 5 0 N((’)t es: TEA: Triethylam ne, - TMA:

0 . 50 .20 |
Tri met hyl ani néthvigiuminium sesquichloride: 0.8) M . \et hyl pi peri dine, [err]:
cont aj ni ng 1% NaCH, as Exanpl es

[err]aq.: ueous ni a rrj: Nigd
35. 4iaand Co Ex3 _ ExX4810N! 8y b¥ Ex38TTONIgY t

(Preparation of nGahiiningt Li gnomp 55 TeEAln a 2-liter autocl ave equi pped
with a stirrer @a&spountir oduced-a sl urry—sol uti oR-conposed of 280 m of dry
chl orobenzene and a predeterm ned anount Immol) of zirconi um conpounds
showms i n Tabl e AmowéMM he at dsphere ¥ dry argon. OTthe other hand,

al um ni um conpoynds and sul fur,_conponds or nityogen c ounds,.shown in
Table 4 were ad "EP"{%"'EégFm 8P dry chfrobenz ﬁe andggﬁe mXture was
stirred for 10 pijyiaarg and then 60 introduced into the above-described
autogl ave to ObAgnh a cat al YthahbidUNethdNoB Pl AatedpN Exviiidy! © Wite10 ef i ns
(Aigonerization of Ethylene) At first, the catalyst |liquor was heated for
. hour until thambenp@rature néached [Wr] whil% stirisdng | n5%he autocl ave
to"effect activation, and at this timng high purity ethylene gas was

i ntroduced rapi %I?"Peﬁi'a t he 65_aut ocl aye and t char gji ng was,.continued
unti# the pressUPe'd P8ed 3437x [errf? 17 0 24%Y506 B%oThereafter,

i ntroduction of ethylene was continued in anmounts necessary for naintaining
the pressure. The reaction was continued under these conditions for about
30 mnutes and then the catal yst VBESdertinyeled by pressing a net hanol

sol ugd on cont ai ni ng sodi um hydroxide into the autoclave to termnate the
reaction. In the post-treatmEHB0 reac®t¥n profsdts h&¥3Ag 4 BxS46 car bon
atoms (C4-C6) wWelg bigPped Th a dry 1ce- 5 nmethanol batn upon .
depressuri zi ng @%@Hﬁgcl ave in order to reduce the loss of |ight fractions
conpLi sing C4-C6. Ot her reaction products were treated as follows; That is,
at fTrst wax commpowriraMhas filtered out using a filter paper, and then the
‘filtrate was washed twice with 500 m of deionized water followed by

Temperature [°C) 40 40 40 20 20
0 Deéctivating
' Agent Methanol Methanol®*1 Butanol Octanol Methanol
o Amount (g) 5 5 5 5 5
45 Cl Content in .
Product {ppm) 50 - 485 50 50 20

Notes: TEA: Triethylamine, TMA: Trimethylamine,
50 N—MP: N-Methylpiperidine, *1: containing 1% NaOH,
NH, aq.: agueous ammonia, NH4,: ammonisa gas

Examples 35—41 and Comparative Examples 6—8
Preparation Example of Catalyst (Preparation of Catalyst Liquor)

55 In a 2 liter autoclave equipped with a stirrer was introduced a slurry solution composed of 100 mi of dry
chlorcbenzene and a predetermined amount {mmol) of zirconium compounds shown in Table 4 under the
atmosphere of dry argon. : _

On the other hand, aluminium compounds and sulfur componds or nitrogen compounds shown in
Table 4 were added to 150 mi of dry chlorobenzane and the mixture was stirred for 10 minutes and then
60 introduced into the above-described autoclave to obtain a catalyst liquor.

Preparation Example of a-Olefins {Oligomerization of Ethylene)
At first, the catalyst liquor was heated for 1 hour until the temperature reached 100°C while stirring in
the autociave to effect activation, and at this timing high purity ethylene gas was introduced rapidly into the
65 autociave and the charging was continued until the pressure reached 34.3 x 10°Pa (36 Kg/cm®-G).
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drying over . anhydrous pot assi um car bonate The transparent sol ution thus
obt ai ned was anal yzed by gas chromit ography ‘On the other hand, the wax.
conp0nent frltered was wei ghed" af- BpP mm-ldsgsnn-[and drying 10 |n a vacuum

drrl:;r }Leseeure of 026‘3)66‘; ? e"\r"‘% .E}'ﬁl'iEe co O?Sflnt |P§n 0 ss%pedThe
purtty (Wt 1'% %{ ted
*’*‘ﬂ“ﬁm%@;d% %’éﬂ@%’“-

ction pre {cellce) rylce-

a- oloe/glgr%b} Q‘géfa% 56 ﬁr%

: EX anpl es 3&\%6133&1 upbn [deﬁrbésu(:ﬂiﬁﬂhi autoclave in ordePto reduce thellods of light framrohs@o thprisirlg
¢nmol ) C4—CG. Other reaction products were treated as Royws Thjt i¢,atrilis) wax compadert was filtered out

2.5 uslgg 8 tepOBEpey, andiipn the fi Itrate was washed twice with 500 ml of deiogfiged water followed by
[err] g over anhydrgug_@tassrum cagpopate. The transparept sqlytion t nedayaspnglysed by gas
30 Al/ Zr c% hy O hsother hand, the;w componentf’ ergd rv@§ rgb ’zﬂer aird mg and g ing
550 naéﬁqJo neratapressureof266x1

osition (wt.%) and p jty {wt. m%‘%f fin in each fraé%g) of each fractit]’r@gf a-olefin
90 ProducCiptained b{-the ab ve-des ibed ocess a the sition of wax (wt.%) are shown in Table 4.
a-Aefin w.% (9% ( AP‘_E/g) err 1.7 100 3.3
.100 5.6 100 7.6 9 Qﬁ 100 157300 4
[err] 15 10-3 ; 9 93 15.1
98 16.3 97 [eir] iion %?a'ap'ﬁ 38 é%l 3 Egmees? terr] -
8.4 87 10.3 97 9. 2xCl, (rﬁﬁno[)err] 1.0 7.6 1085 8.0 96 7.4 95
[err] 7.0 83 6.1 95 50 94 [err] 11.3 80 6.8 95.
5.8 4 \\ax 26. ZTP (mmol) 10.0 —~— 2.7 60 Notes:—l1) ZTP: Zirconium

(4]
tetra(n-propoxide), 5) TP Thi ophene, .2) DEAC D| et hyl al uimum-chl ori de
6) TU Thiourea, 3) EACREAGIMP P'gl umi nuf® 25 25) cB:

Cnf or obenzene. 4) MDS: dviycayh g sulflde 66  EP 0 241 596 Bl TABLE 4

(continued) Catal yst CorrpOSI {Toh  Exampl e 38 Exanple 39
Exanpl & 40 Exanpves4dmol) 0.15 0.4 0.6
TP® {mmol) - - —
TU® {(mmol) — —_ ' -
20 .
AVZr (molimol) . 25 2.5 2.5
CB’ (ml) 250 250 250
35 Yield {g) 530 162 90
Product c P C P Cc P
w0 - a-Olefin - WL%) (%) (WL%) (%) (Wt.%) (%)
C. -~ 17 100 33 100 56. 100
\., C¢ 76 98 102 100 157 100
45 Ce 103 9% 168 99 199 g9
Co 100 93 151 98 163 97 -
- C.. 98 9 132 98 126 9
Cua. 84 8 103 97 90 o5
Cw - . 76 8 82 9 74 95
55 K Cis 70 8 61 9 50 94
Cov - 113 80 68 95 658 94
Wax - 26. - 1 - —_
. - 263 100 2.7
Notes: 1) ZTP: Zirconium tetrain-propoxide), ~  5) TP: Thiophene,
.2) DEAC: lDloth' alumlnum chloride., N 6) TU: Thiourea,

minilm dichloride +. . 7)1 CB: Chiorobenzene.
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[err](rrrml)‘ 1.0 1.0 1.0 - 1.0
[err] (mmol) [err] (rmol) 2.5 . ' 2.5 2.5
g-g[EADC]SEmnFI)) [err] (gﬂglzp 024159 Bl - lerr] (mmol)
err mTo : . : - [err mro

-~ - TABLE 4)cgntinued (o) / ol ) 2.5
2.5 Catal 5.0 [err] (mM) 250

ggg c°mpog§£))n Example 38 Zégméleeigj Sg) Exampte 40 535 Example 4

P &, (mmol) P 10 C ®a-Oefin (Ovt (% 1.0 (wt %
(% (wt.9% (% (w9 (% c4 17 100 2.4
100 ZﬂP‘Smmol) 100 — 6.1 T00 [err] 4.9 977 . 6.3
99 100 13.9 [err] .4 93 1 13.2
97 @E&C’ (mmoll o9 25 15 4 g% [err] ﬁ?? g8 >0 16.1
95 _ 10.8 92 [err] 1003 85 — 15.9
93 g‘.‘@"’ ‘"‘"‘°"199 9.2 90 [err] 8.2 84 8.3
92 Mo (mmol) 99 — 6.8 89 [err] 76 83 05 7.6

- 90. 4.6 98 5.1 87 [err] 7.4 81 6.7

89 3PSImmol) 97 06 3.8 g86[err] 1173 80 — 8.3

. 87 4.4 97 3.5 83 Wax & - _ 15.2

- 3qU3(mmol) . — 25.4 = Notes: 1 2P Zirconium

tetra( nm% ‘8'}?1)6 2)2 HEAC. Di et hyl gabum num chl ggi de, 3) EADCk.0
Et hyl al hI ori de 4) MDS. Methyl disulfide, 5) TP: Thi ophene, 6)

TU. Thi Q@F gy 7) CB: Csborobenzene. %@ EP 025011 596 Bl TARBE 4

[

1
2.

2

nti nued) Catal yst Conposition C.Ex. 6 C Ex. 7 C. Ex. 8
err] ( rved )g) 1. 0635 1.02err]  (nfl) - 318 -
0 [ er+i oty 2 5 Z.5 [err](mmol)

Product2. S err] (mmol )J@[\[L (reol ) [Cerr] (mol) AGZr (thﬁr/nm)I )
' 58 T N I A
C. 17 100 2.4 100 4.3 100 6.1 100
Ce 4.9 97 6.3 ® 121 100 139 99
Cs 9.4 93 132 97 124 100 154 96
Cwo 97 88 16.1 95 99 100 108 92
C 103 85 159 93 75 99 9.2 90
C. 82 84 8.3 92 60 99 68 . 89
Co 76 83 7.6 % 46 98 51 . 87
Ce 74 81 67 8 35 97 38 85
Co. 1.3 80 83 87 44 97 35 83
Wax 208 — 152 ° — 353 - 25.4 —

Notes: 1% ZTP: Zirconium tetra(n-propoxide),
2) DEAC: Disthylaluminum chloride,
3) EADC: Ethylaluminum dichloride,
4) MDS: Methyt disulfide,
5) TP: Thiophene,
6} TU: Thioures,
7) CB: Chiorobenzene.
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Yield (g9) 610 60 Product S c P C

P C . P-a-Qefin (Wt . © © (% (W . % (% (W . %
(% [err] 2.8 85 EP &221 596 &5 - No Reaction 6.8 _
78~ 22.1 55 [err] 4 . 717 14. 8 27 [err]
9% 75 4.5 12 c127_“§-"“‘°°“’éf'.'“2"’ 73 2.6 3

" Cl4 6.2 TLeoalyst - - [err] 5.0 68 0.4
- [err] . 4.5 Cogzx?s'iiion - CEx.6 - [aEd7 c&xSs 64
- - " \\AX 423 - - Not es:

1) ZTP: Zirconium tetr &0, peropidxi de) , 1) DEAC. Di.et hyl al um-rum chl ori de, 3)
EADC. Et hyl al um num di chl oride, 4) MDS: Methyl disulfide, 5) TP: Thi ophene,
6) TU. Thiourea, 7) CBZTBhmsralbenzene.—20 EP 6 241 596 B® Exanpl es 42-43
~and Conparative Exanpl: 5{[1 Pr epar a\tﬁigon Exanpl e of Cat al é}t (Preparation
of Catalyst Liquor) Cat sm'f‘?'guors re preparéd in the £8me manner as in
Exanpl es 35-41 except té&gk; Hﬂﬁol i rconi_um conmpoungls shown in-Table 5 were
used in anounts indicated i able 5. 5 Preparation Exanple of a-defins
(Adigonerization of Ethyhs*nemod- O efins were prepared in the sanme nanner as
in Exanples 35 to 41 except that the above-described catal yst |iquors were
used. The sane post-trd&tfmmels as in Exanples 35—to 41 were—carried out. 10
The conposition (wt.% T@@ﬁl{“g.gri ty (wt.% of linear a-olefin in each

- fraction) of each fract'io Y a- ol ef i i—obt ai ned by the above-descri bed
-process and the corrposig,}zp(;noq,fnoy)ax (W,.e%9 are shoyn in Tablyg 5. TABLE 5

- (continued) 15 Cat al yst Conposition Exanpl e 42
Fé/anpl e 43 C. Ex. 9dmgmip(nmol) - 250 1.0 250 - 1.%0 1.0 20
_ rr] (nmol) - - - [err] (mol) 2.5
2.5 2.5 [err] Yisigrta)) 610 60 . — - 25 [err]
(mol) [err] (nmol) 0% 025~ -
Product . C P . c P c P
a-Olefin (Wt.%) (%) | {wt.%) (%) (wt.%) {%)
C, 28 85 55.6 - 75 No Reaction
Ce 6.8 78 22.1 55 ”
Cs 8.4 77 14.8 27 S
Cio 8.0 75 4.5 12 »
Cuz 8.2 73 2.6 3 Cm
Ci . 6.2 7 = -
C,. - 5-0 68 0-4 - ”
C|. 4.5 64 - . ke o”
Czoq. 6.8 64 - - . ”

Wax 423 "

Notes: 1) ZTP: Zirconium tetra(n-propoxide),
2) DEAC: Diethylaluminum chloride,
3) EADC: Ethylaluminum dichloride,
4) MDS: Methyl disulfide,
5) TP: Thiophene, ’
8) TU: Thiourea,
7) CB: Chiorobenzene.
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30 7 A/zr (mol/mol) 2.5 2.5 2.5 °
Benzene (m) - 250 - . 250 . .. 250 Yield (g) 120

153 485 35 Pr oduct EP @ 241 596 B1 c P - C
: 0 .
P a O e~f| no \ Xgl'é%l& ané) gat/nQreE &a 9—-11 (% 40 G [err]
Prepar Exampl Iyst (Pre ation of Ca y anuor)
22 2 2&@1 liquors aﬁ repar e same as jn Exat?:%leg §§—l1 except that tl;'e7zu§omum
compbuntds shown it+’Table 5 w din am ts ﬁ‘cﬁé ed in Table 5.1 4.3
975 [err] .6 98 10 4 97 9..8
85 [ er?r];paratlon ExalﬂpIE of u-Olef’ ﬁ? (Ohgomeru@tlan of Ethyl&) 6.7 83 55
[err] a-Olefins Wege prepared)i the same rgar@er as in Exwles 3510 415exgept that tt’g@bﬂg-cpqscnbed
4 7 catalygsllquors werg used. L err] _ 94
' game post-traat ents as | s 3:*:3 to 41 wer ne out. _
3 1 9 )a l(s n ach fr :],) each fraélio% of a-olefin
E th?T dv g DYBY ‘?h ax ( sh wn in Table 5.
oct h I ne. 5') um ch orl QI'
Tr| phenyl phosphl ne. 65 TABLE 5(c°,3.)1uEd¢)\DC Et hyI al um num di chl ori de,
21 EP O 241 596 B TABLE 5 (continued) Catalyst Conposition C. Ex.
1075 C. Ex. 11Cpwslyst] (ol ) 1.0 [err] (mol)
1 0 [err] (mol) Composition Example 42 Example 43 [ er r ]C @m&m ) 2.5
- - [err] (rmol) FETIION A Zr o7 ol 2.5.
Benzene () 2rCl, igapol 10 25019 el d (g) e 53
0 By oduct Cz1p P _C PwWm.%9 _ (% (wt. %
(%9 a-Aefin C4 (mm%';%.z 82 No Reaction [err] 23. 1
68, ., [0BEACH (mmol) 132 452kerr] 25 3.8 32 C12
14 23 [err] - - !
' EADC? (mmol) - — —
25 _
TOP* {(mmol) - .- —
TPPS (inmol) 0.4 0.25 —
30 Al/Zr (mol/mol) 25 25 25
Benzene (ml) 250 250 250
Yield {g) ' 120 1563 485
35 :
Product ' C P c P C P
a-Olefin  (wt.%) (%) (Wt.%) (%) (Wt.%) (%)
40
< Ce 222 100 18.3 99 8.2 94
C, 17.8 99 175 98 10.1 89
Cyo 10.9 96 143 97 14.2 87
50 Ci2 9.6 98 104 97 9.8 85
Cia 886 . 97 6.7 96 6.7 83
55 (o 7.8 96 5.3 95 5.2 80
Cus 47 . 95 3.7 94 38 78
Czo. .25 94 20 94 43 78
50 Wax 0.7 - 12 - 31.9 -

Notes: 1) ZTP: Zirconium tetra{n-propoxide), 4) TOP: Trioctylphosphine,
2) DEAC: Diethylaluminum chioride, 5) TPP: Triphenyiphosphine.
65 3) EADC: Ethylaluminum dichloride,
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[err] - 0.3 .- Jerr] - - . t. [err]

" Wax - - Notes:#&%.'%ﬂ%umtetra(n-propoxi de), 2) -
DEAC. Di et hyl al um num-chl ori de, . I*af um num di chl ori de, 4) TOP:
Tri.octyl phosphine, 5) TPP. Tri phenyTABUESdtontipued)? .EP 0 241 596 B1
131411111111111111111111 ¢4l @aims 1. A process for preparing a |inear
a-ol efin having from 6 dompdsitiemr bon @Exs0 conpri si nExpol yneri si ng et hyl ene
0or a gas containi ng etkH-ere—tnp—the—presenrce—ot—a—eatatyst—eonsi sting
essentially of a zirc@lummol) hal i de, %8 or ganoal um mum conpound and a

Lewi s base in a sol ve% ,a(nd axﬂdi ng a catal yst deacti~¥§ti ng agent to the
resulting reaction m ﬂr@‘, aracterized in that sai'd catal yst consists
-of: (A a zirconium h%kge(n{rﬁw esented_by the follow,gg formula (1) [err]

~ 10 (wherein X and A may be the sanme or different and each represents a
-chlorine atom a bromgaecaingieipr an iodsne atomand ais 0 or an integer of
up to 4); (B) an al kyl al um num sesqui hali de represented by the foll ow ng
formula (11): [err] (WOt @molR represents an al kyl group of 1-20 carbon
atons, Qrepresents a_chlorine atom a bromne atomor an iodine atom and
said formula (11) nay TBPSE™RA represent®d by [err] afd/or an al kyl al uni num
conpound represented e | ow ng rmula (111) '

(111) [err] (wherein %YIZ'I O&Lﬁgve t he g'gma meaning as R and Qin fornula
(11) respectively andggnien@lmipent s an pset eger of 1 tgso3) and 25 (O at

| east one Lewi s base selected fromthe group consisting of thiophene,

met hyl disul fids, thi¢isletg) triphenyl p8sphi ne and tri%ctyl phosphi ne. 2.
The process according to claim1 wherein the zirconiumhalide is zirconium
tetrachloride, R and Rare ethyl groups and Q and @ are chlorine atons. 3.
A process according to cpghiml whergin thepzircongum hal pde represented by
the formula (1) is 30~—zirconium tetrachlorider—the—alkHat-um num
represented by the formula (11) idwe%hyl ai(%in ni um.%ksquil¥hl ori de and the

al kyl al um num r epresent edOlefint he fornmula (111) is triethylalumnum 4. A
process according to claim1 which_further_conpriges adding at |east one
“nitrogen conpound sel ect ed®fromt hés'gr oup Fonsi st ;i‘ﬁsqeﬁ'fm{‘ri net hyl ami ne,
triethylam ne, ammoni a gas, amoni gzyater gnd N- nethyl pi peridine prior to
the addition of the catal y$t deactivating agent. 35 Patentanspruche 1.
Verfahren zur Herstellung gines |ingaren a4l efins mjt 6 bis 20

“Kohl enst of f at omen durch Pol yneri sation von Ethyl en oder eines

et hyl enhal ti gen Gases in aeem L6suB8snitt3 in Gegenmart eines

Crz 1.4 23 .
Cia - - Cw
Ci 0.3 - o
o Co - — .
Cao. - - .
Wax -_— - o

Notes: 1) ZTP: Zirconium tetra{n-propoxide),
2) DEAC: Diethylaluminum chloride,
3) EADC: Ethylaluminum dichloride,
4) TOP: Trioctylphosphine,
5) TPP: Triphenylphosphine.



Kat al ysat g PefKiol bRy I EN

edeut et) un

i m wesent | i chen aﬁs ei nem Zi r koni unhal ogeni d, einer .

Or ganoal um ni unverbi ndung und ei n =40 bestehend mm !

und _Zugabe eines den Katal ysat or Q#@ gﬁ Mttels zur ﬁ‘!"
a\e/tlonsrumhung, dadur ch gekennze| chnet, daB der Kat al ysat or aus:
i N&m Zi r koni urihal ogeni d der fol genden For mel )g&err]

(1) A5 (wor i hAeresess far pepdrian adigear axpéﬂi-emmnei@pm\ﬁé? eprhanatorasamacising eplvmads: i
j eveil s ePH‘VEﬂ? 8y 2 9 Hinipgsthylens. g a?ﬂggfn fa eatelyss consizting e%ﬁ“ﬁ'éa" é'“’Z&
h

bi s zu%4 % Jrporgang: ,egmmg?ﬂ‘%“g @j"t@l"g‘@égf%"ﬁ'“&@(ﬁ?f S

For nel medb the fol!owm%formula (I%
Al kyl gruppe m t IS | enst of fatonen und Q ein Chlor-, Brom oder

&odat om bedeut en und die Formel (11) ebemxa,l,s durch die For mel [err]
# eder gegeben werden kann) und/ oder einer Al kyl al um ni umver bi ndung der
ol genden (whereie K apd Amay bg y'e[semp pr 'g'ﬁvﬁmrﬁﬂRemﬁde@esqmsé egloene blom. Bbwainq ateaar an

e R bzw'°d6‘95§‘P’F pdls intagRs f umte 4 elgl ggnze@g& ﬂ 1 60 bis 3
feskyieinmie f" gauialide repeaiputeday the ol aHlophen,
thyi di sul fid, Thioharnstoff, Triphenyl, R‘p&osphl n und Tr| octyl phosphin g

Pestent® 2. Verfahren nach Anspruch 1, vvori n"*das Zi r koni umhal ogeni d
i r koni umveneréis R réprdsdnts ah a:kﬂgmngoﬁ—ﬁdawograwmeo répékeds § Bklofhe dtéth O trbMINe atom

‘bedeut en. o68n iodineZtoVand aiid srmoRcil) Aag [plsd e ritpresunted rbyd&isR,3}) raksdot anraliyialgminiuch
.der For mekorppgungirericenented be thecfolidwing tormdlad23 EP 0 241 596 Bl

C L ¥ S* Alylaluum niumder Formel 111) Ethylal um niumsesquichlorid gy
:und das Al kyl al um ni um der Formel 1111) AR oQ5-p hyl al um ni um si nd. 4.

Uf ahr en (\nacn ANSR 4 bvé 1 \CIIBR‘% gvﬁlﬁ & dgbr?n Yeud i réix%@:&% y%?vbgrrgg eseqts an

S man stens el ne naung
der G wppe T(c) s@dasyonad Mbwis bIJelsereay& ﬁamrzhe drodfEPARE ﬂuopﬁ@ﬁﬂ?ﬁ’leﬂm’@&ﬂﬁfs hiddres,

;N— Met hyl pirpbenytiphospHigs dhd.triddesiadptdad.i ons 1. Prochd6 pour | a preparation
:d' une a- ol 6f2.The biopesa iacaordiymiotclaire 1@vlwr@(x)ﬂutzumrmbalmlanstmnmmmmmwnm Rtaod R’

‘presence

| a ponnﬁP’eseéth' swua%and% Peﬂecwef"ﬁf’ dAMEaz cont enant de I eth | ene
r§9mt| dva {dg, ‘m,ﬂgz ula is

-zi rconi% 'I'c %ﬁ ﬁgr re inium
'sol vant, &t g@ﬁfé& goﬂn@%ﬁl i ﬂ {51 g’%ﬁ'ﬁml W’ ﬁ:ﬁ:fiqin%k%%
réacti Onneéned’:aﬁhﬂrﬁ ﬁaetgrousabn%%ﬁé bﬁﬂmemyﬁﬁuﬁw&ehﬁ hﬁnacah NiS b4, amAHonlavhater 8Ad N-
- (A) un hahegsipigetdide promo e addition of ﬁeeataﬁ,spwacﬁmuﬁgaigwi e (I) suivante *5

EZrX A, 3s. (1) (dans laquelle Xet A

|

i

{

H

tpeuvent i t re | He?ﬁ‘{". gues ou differents et representent chacun un atone de

chl ore, de bf.ovafstendnirOdéstetung €inés Gneareru m-Olofirisr miteft bie r20akotderistaffatomen Adurch
4); 20 PolyiBprisatiors esrcithyien aipeeinescetbylerihaltigen Gasenineinere pwselgmmelwaﬁegeawaﬂ eines
fformul e ( im)'vemllmma@s e-AmZtrm-ur@w(mn@ m @egangaipminiym W!‘lé’g p &gf 2 é}gg's -Base

ohed I %?E?ﬁ' e ndenen
calkyle ayggtmonsmoschung, dmc ekennzelc net. daB zm“ -

{A) einem erkomumhalogemd der folgenden Formel (1)

ZrX Au-a ]
45
{worin X und A gleich oder voneinander verschieden sein kénnen und jeweils ein Chlor-, Brom oder
lodatom bedeuten und a 0 oder eine ganze Zahl bis zu 4 bedeutet);
(8) einem Alkylaluminiumsesquihalogenid der foigenden Formel (Il)

50 AIR,Q, 5 )

{worin R eine Alkylgruppe mit 1 bis 20 Kohlenstoffatomen und Q ein Chior-, Brom- oder lodatom bedeuten
und die Formel (i) ebenfalls durch die Forme! Al,R,Q, wiedergegeben werden kann) und/oder einer
55 Alkylaluminiumverbindung der folgenden Formel {iill):

AR Q' (

(worin R’ und Q’ die gleichen Bedeutungen wie R xzw. Q in Formel {Ii} haben und b eine ganze Zah! von 1
-0 bis 3 bedeutet) und
(C) mindestens einer Lewis-Base der Gruppe Thiophen, Methyidisulfid, Thioharnstoff, Triphenyl-
phosphin und Trioctylphosphin besteht.
2. Verfahren nach Anspruch 1, worin das Zirkoniumhalogenid Zurkomumtetrachlond ist, R und R’
Ethyigruppen und Q und Q’ Chloratome bedeuten.
65 3. Verfahren nach Anspruch 1, worin das Zirkoniumhalogenid der Formel {l) Zirkoniumtetrachlorid, das
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éf chlore, de brone ou d'iode, et ladite formule (11) pouva
re represent 6e par Al 2R3QB) etlgu de type alk
~reprisentd par la fornule (I11) %ﬁ 9%‘?@%?‘) 3-) 30 (dst IaquLeIIe I%'
et-"Q onAlkisieminiuieder Forpiel {Il) EdylaAtnidineesuichliodd udCdid Fakytahaniniom ded &osnel (i) Tri-
f orrful e ethiyiglymisiunbsingpr esent e un nonbre entier allant de 1 a 3) et (O au
noi ns unr%p d;l%#@’ffg%"ugvzdg"&?mhét wo kﬂt’;gv W°$°&hiﬂ I#e'rrﬁlé;gab&ed_%ﬁ @a}lﬁamea'gre 0:5:“'\';9'
" et hyt e, indpstens , ping - Stickstotivers 'Fg‘n g y imathylamin, Triethylamin,
triocfyl YRBSPA gﬁ@'A"iﬁ""P gryassgLund iV detivipiper 8rgt i o?ﬁl dans | equel
I hal 001 gibhdicions ' CONium est |l e tetrachlorure de 35 zirconium R et R
sont des groupes ethyle et 0 et 0' sont des atones de chlore. 3. ProcWli
sel on | a r avRrockidé pburdeprdparalion 9'uhe quoafing lidtair@giantdes 4120 alonieaisichrlione; Porarendns
par | e flarphinsrisationedat I'4thyléret oundhinogazr eontimant de déihykne, | an pessense iimjcytelvsaue
d' al k |ansemtﬁ'iqmﬂnr enptgubdiue hy aaénm #ecﬂ"mn'@n(qq cqmposé erogpeaimipigue p{ 4 une base
d' et hyl & °'Y8@t &bl e e" f iﬂédaﬂﬁ ‘{aam fle catleysedr pusmplpnae 4pctipanel
for rml e ei E)?ungqo urg%ﬁz#c lum refﬁﬁn ?ﬁe muleﬁ! rOf:Gde selon |a
revendi cation 1, @o renan fToR "™l " foi ns un conpos6 azot 6
choi SI parm la tri nﬁt hyl am ne I a t&b@.hll\/' am ne. |'arnmmoniac, |'ammoni aqgye
et la N-nethyl piperidine, avant |'addition de |I'agent de desact I vation de
cat al yseldans lddueBoX BOA pélvert 8ftd identiques ou différents et représentent chacun un atome de chlore, de
brome ou d'iode et a est 0 ou un nombre entier allant jusqu’a 4);
20 (B) un sesquihalogénure d’alkylaluminium représenté par la formuie (ll) suivante:

AlR,_,Q,,; “"

{dans laquelle R représente un groupe alkyle ayant de 1 & 20 atomes de carbone, Q représente un atome de
25 chlore, de brome ou d'iode, et ladite formule (Il) pouvant également tre représentée par Al,R,Q;) et/ou un
composé de type alkyl-aluminium représenté par la formule (ill} suivante:

AIR’,Q’5., (m

30 {dans laquelle R’ et Q' ont les mémes significations que R et Q, respectivemant, dans la formule (i), etb
représente un nombre entier allant de 1 a 3) et

{C) au moins une base de Lewis choisie parmi le thiophéne, le disulfure de méthyie, la thiourée, la
thiourée, la triphénylphosphine et la trioctylphosphine.

2. Procede selon Ia revendication 1, dans lequel 'halogénure de zirconium est le tétrachlorure de

35 zirconium, R et R’ sont des groupes éthyle et Q et Q' sont des atomes de chlore.

3. Procédé selon la revendication 1, dans lequel I’halogénure de zirconium représente par la formule {1)
est le tétrachlorure de zirconium, le sesqunhalo_génure d’alkylaluminium représenté par la formule (i) est le
sesquichlorure d'éthylaluminium, et le composé de type alkylaluminium représenté par la formule (lll) est
le triéthylaluminium. )

40 4. Procédé selon la revendication 1, comprenant en outre I'addition d’au moins un composé azoté
choisi parmi la triméthylamine, la triéthylamine, I'ammoniac, 'ammoniaque et la N-méthylpipéridine,
avant l'addition de I'agent de désactivation de catalyseur.
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