; } ~e3e T*6 T _ 1 METHOD FOR®OLI.GOMERI ZI NG AN a- OLEFI N The present
invention relates to a nethod for oligonerizing an a-olefin, particularly

et hyl ene, by nmeans of a catal yst conprising a specific chronj onpound
and an al kyl al um num conmpound, to selectively obtain a prod /@{Mmﬂﬁm
mainly of a trimer in goad yield. Heretofore, it has been kn

ol igonerize an col efin such as ethylene by neans of a catal yst tempesed of
a conbi nation of a chrom um conpound and an or ganoal um num conpound. For
exanpl e, Japanese Exam ned Patent Publication No. 18707/ 1968 di scl oses a
met hod for preparing 1-hexene and pol yethyl ene from ethyl ene by a catal yst
system conprising a Cr-containing Goup VWIB transition netal compound of
the formula MXn and a pol yhydrocar byl al um num oxi de. Further, Japanese
Unexani ned PETHID [AOR | @hiGOMERBZING oBB¥4¢1GBEFENY V. W Seidel and W

Rei chardt, Z. Anorg. Allg. Chem, 404, 225 (1974) disclose a nmethod for
produci ng a chr cFR@NPEBREAF niRYentionorelagrsoliRd 2h&¢ith§da for
chrom um pyrrolyl bond, by reacting a chromumsalt and a_netal pyrrolide in
t et r ahydr of ki Fre bl 7B hoxy et TRWRL EBnt BR AF hEL AAT Xy §ERYAEBRY a®Yan el ectron
poi r donor elenment. Further, Japanese Unexam ned Patenr Publication No.
128904/ 1991 B d¥les? aCHER OBT noPMPF + AP PzRndPER 14161 ENFAMSYeans of a
catal yst obtained by a gonbinf%ifn of .this chrom n}containinﬂﬁp ound
with a netalSHHRHRDOraRe 12 $'5¢ ﬂ%“?b&%@e??maﬂﬂﬁé'tEB §60GE Sh¥tHdds, the
one disclose%tin Ja anegi am ned Patent PubliLcation No. .18707/.1967 has a
probl em t hat° R4t rfo it © Lf%o??f&?ﬂ?/? n&2# Bt ¥ed” sfr FLalfEAndBusPe i t h

1- hexane is gﬁ%ﬁ#antial, and i= it is atL2i Tipted t0O reduce th2 d:I1OLIW.
O L:'12 :~d “yl2n2, the CVe=all aCtIVities tend tO deteriorate. Cn the
G he- hand, th S ? 22,852 J ' Ratent _

?ubl i cation No.%ngéggg?gafC%gfg%?aaggékg%gggh%Phggﬁgﬁggggéﬁa%?gﬁ .or
isolating t rong C LS.C and Lt 4 X

o eul T D &R e e B 50, Canorh the

catal ytic addd i td&Ggo B L PORT o FO4 &H@oﬁiﬁﬂoesﬁ%éahhoanae%ti on of an

r-olefin using the chromum containing conpound as a catalyst. Further, it

has been knoywyddd 1 an CoiROEREb&@AEaI ni ng an el ectron pair donor el enent
Eorns a conplex in coordination with a transition nmetal elenent such as a
chrom um el ementrot NekfikpDE PCesBahEePERENGHEE PRE ealROYerbTERiz oA No .
chrom um cont ai ni ng conpound, a chromum - 3 salt and a netal pyrrolide
are reacted 1ly7up/ 196 8 conpbones conhathodgfan pkeptrangpai-hedems agidknent
as a solvent, whereby the conpound containing an el ectron pair donor

el enent tengslyetdonbete fuoh ¢beyheteal bpyaroktdéyen egst@mnati on with the
chromumsalt thereby to forma m xture of conpl ex products wherein the

el ectron paigomprics 1 =dndduftcPnyahal agdGrasppyEBokyRnghsdPnare tédor di nat ed
to the chromumelenent in various proportions. Further, according to the
amount of arFBRGMRE L@F ntihe cEPPBuha, MXheaBE| 8cPPYYRYIEPCRIR¥ene anpng
hexenes produced tends to change, which is believed tg be attributable to

the coordi n@'eREIEet 6t pai rF4oRBET cofPBERBSBoHPEXABA PEY FRE &CHY oni um
conpound. The present inyento hay ndugt ed _extensi ve researches to

sol ve the abi -H%$Y+%ﬁe%°pr%%&%ﬂg/g?ggh@ngoﬁv@ntﬁ&ﬁgﬁﬁnéﬁﬁo&% and as a
result, have, acco i shed the pre t ipyvention.,Th r t, I nvention
provi des a ﬁ%%ﬂ%dg$%¢’oflg%ﬂ%FSZiagggh E?S éfi%géy 2@§nzﬁ§943 cat al yst
system conprg si chr om C o} Lhg,a Ql r.Qrd pyrrol yl
bond and an %fiy a uﬁ?ﬁﬁ%%%%%pgggd#pgﬂggghﬁ %h%hggﬁ?gﬁ ?ﬁ%?%ﬁﬁg ted with
the chrom um conpound and the al kyl al um num conpound wi thout prelimnarily
contacting the chrom um conpound to either the a-olefin or the

al kyl al um num conmpound, and/or wherein the al kyl al um num conpound i s used
in an anount of at |east 20 mmol per g of the chrom um conpound. -4 1In
t he acconpanying drawing, Figure 1 is an IR saectrum of the powder of
chrom um conmpound o obtained in Catal yst Preparation Exanple{6. Now, the
present invention will be described in detail with ref eriﬁ‘mm”m%m‘ﬁiw
preferred enbodi nents. The chrom um conpound cont ai ni ng rrolyl
bond, to be used in the present invention, may be the one whixcdoogont ai ns a
chrom um atom and a pyrroiyl group, and may have ot her organic or inorganic
groups, and it may further contain other netals. In the present invention,
such a chrom um conpound nmay be obtained as a m xture of conpounds of
metals of Goups IA IIA 11I1Bor 1J3 of the ?eriodic Tabl e when such a
chrom um conpound is prepared by the reaction of a chromumsalt with a
metal cy==olide, as described hereinafter. In the p=esent invention, such a
m xture is also included in she chrom um conpound containing a

T o, o o e




prelimnarily contacting” is acconplished by the above contacting nmethod at
the initiation of the reaction. Further, for the additional supply of the
reaction substrate and the catal yst during the reaction, the supply nethod
is not particularly limted so long as the sane contacting state is
acconplished with respect to the respective materials to be supplied
afresh. By enploying the above contacti ig-net hod, a substantial i nprovenent
in the catalytic activities and an effect of e.g. suppressing formation of

B Sul vent - ST A RO MbORERE F P NEH by L HaL7 SAat | BRAGT P¥nE e ReetFi & chr om U
compound andﬁho%nft,tvtstynw&gcrg ngggvhsotee?' der eg. Lo 03YE -0LLAORE | Zi Ng

activities 1'S considér éc g c-ofefin rs contacféed

el i mnar 115 KR F RS e R CCABERFF LS LhroARYAE RofpBint ot 5 o“*‘e.“?% FPhe
| ef he al h [
tailized B gorebot SHASET 45 orpund BRRAspr DaReh e A8 PRE=Ehoont of

the active specj es.uill Ngcrgaéswf b pegobhierband. pubeng! b a-ol efin is

contacted aft ing the speC| ic cArom Um conpoun

al kyl al um num conp oypg%gg?ohe apseﬁcg¥h%eggg gelgf&gtaihg g Pl%nthe

iyl L2l
active spe0|e"d%creas 2 above r eason, of the

h
chrom um COO’EBPE%} %{f@?}??@'?o?egg”ghﬁs PERPEML GﬁdHSELQtﬁ‘ggg%LFSmESLQEe

initiation Igoneri zation reaction upon con e a-olefin,

whi ch are be%heyeg 19 be ggg%pré for;dgterbgsation of the catalytic

activities € cata yt|c activities deterrorate also in a case where the

chr om um compoung, et neagonbelhl abevar AkBLAY ! LheCapkaaligdidadat hen the
aIkyIaIuntnuntconpouna s"confacted thereto. Inthis case, it is considered

that the Chr@rmm&&gpgugﬂamﬁ@@%aten@epbgmt:x»sehuhbe lwgﬁ'ét@@?t ed with
the al kyl al um num conpound, by the prelimnary contact with the a-olefin.

Even in a casges Weseobhenabeye coat agbing BBt bedyesnpobnenpbened, fairly
hi gh oligonerizing activities and selectivity for trinmer can be obtainer by

adj usting the pimediedbsipevatkyl ahepengmieogpagrdnt@atheaalr oai vm cenpound
to a level of at |east 20 ol per g of the chromnmi um conpound having at

| east one chypfadroFreol yedbondtioe anctrasbil@femplypetvent, chnen um
metal, preferably at |east 30 mmol per g of the chrom um conpound or at

| east 150 nmot=erl gaof icht st ugenét ab. deterhierameunt of the al kyl al um num
conmpound is | ess than 20 nmol per g of the chrom um conpound havi ng at

| east one chrom ¢ pyerokk-boadd, sehechievinbg Ko cdtlviseer iandapatakygti c
activities tend to be low By increasing the amount of the al kyl al um num
conpound t o diexahiped uke cenpobudl i cheigol tbi.l LRESOR/LBEL nas22 chrom um
conpound i s pronoted, and the amount of active species increases. This is
bel i eved to dtavbacisonswhly thaistpessperationordi asParkEipghkhh
oligonerizing activities and selectivity for triner even when the

above- ment i GFEIPTCOLN acOMpoun@t hodokBbabEC@Rp| 8yed i tThEr 8xicseMdlparti cul ar
restriction as to the upper limt for the amount of the al kylal um num
compound. Howel/ekcult taesalkytayehy noRtednpsusdnicdeusBdcialBeessarily in a
| arge amount, the yield of the product per the alkylal um num conpound

decr eases. 1¢RﬂQﬁﬁﬁﬁrI?h@ttbﬁtthﬁeaﬁéﬁﬁgyéﬁctﬁéhéWKyhéﬁuﬁfﬁuﬁP€5n§86nd is
preferably 1Q00 nnDI per g of the chrom um_conpound having.at |east one
chroni um pyr¥t y9t b%waewseeev nhBRC PN gObf 2dhr ot L6+ Frotal Ao bhe
preferably 500 mpl of .the chrom ym conpound or 2500 mmol per g of
chrontuntnet%ﬂrOW}PWh%OB fept h&nHO”Pﬂ%nEoﬁFa@tFﬁéaﬁﬁﬁhod and/ or the amount
of an al kyl al um pum conmpound, added i n the oligonerization of an a-alefin in
t he present |nveﬁ?FBheﬁaylﬁoPaﬁebBSPtFBHﬁ&ﬂSﬁ%&ﬁﬁrqu¥%W%&°8§Fﬁgan@

cat al yst systenchlch is conprised fiontthe chronluntcoqpound prepared by
the reaction®*®f® aF%hF%h1Bﬁ+§aﬁ?“ﬂFtﬁ &M e B ST Sc GnCAMRILGS 4 pyrrol yl group
in a hydrocarbon. sol vent wever, whenp.both of e|the t he sane contacting
met hod and/o?o?héh%%heo%nﬁbhp Bftéﬁ“atﬁﬁPQIﬁﬁtﬁUWI 8Wﬁ8§n&”§gaﬁédabefore

arel/is enplo¥ed ir. §e0|| onerization of an a-ol @ mherel the chrom um
ey

ef
conpound i s %FW%H“Pne R§BF ocaf Boh §oP58ﬁFsstﬁ€r &P tg§3 and t he
selectivity for triner can_tend to incre |n1IarI nentl ned .
her ei nbef or € ?O*%em?%Séﬁﬁehhﬁhfﬂ@lFﬂcF8ﬁg goFCWWguﬁévlélF CoRd Ufhe
selectivity for trinmer is considered to be the sane descri bed herei nbefore.
The concentration of the chrom um conpound in the oligonerization of the
c-olefin in the present invention is usually fromO0.1 ng to 5 g of the
speci fic chrom um conpound or from 0. 02 ng to 1 g of chromumnetal, per 2
of the solvent preferably frontl g to g of the speC|f|c chronlum

o o e~ a ~ - . o ~ r o o g,



~0. N~0 ~oNOr | rl xwOcowfr1r| ~~O~er) OMONO | OyCL O COC 17 OO I INrl rl tl1' 70
CG "N CONO "' 1rl @oQomCc~occ~No~", ~Ea. r, NN. - abceO "'

CUUUs ~EEVot ~~o0~~CL. x. XEO OE

UE' L7Cvas. raClJaa~vECWEOcaCa~O~yaU?Clal 4Jr- 1G 1vt, 0. C! p~oCEENaEE' OQUUI i a~N4J~
A .Jrl G-N~Owmwr ~w t COMNCOO~ "' Q0 -trtO-CCO ,it C?,y0. QE. uitC ay
~U~..1.aCOCCN 0C ~~11Cr-iititUUa~U Cla v. LacOUUOOC EO -aCO~br oEO COE
~CEOva~- 04~ U U-C LUQ - 40 roa~a<€3.-, r-~U.CroH

UONC f TUO~ONr -1 Ox"  NcOO~r | NOO~N~~ON OVUyc>3 ONr-i ~OO-INW

ONF i 177 - U CRECORBNG: TGS g+ %%t%é o S ANy b
00~N ~ Qulo0 ~=c.1 EO

aJr oca~ a~\/\0l5(9§‘ypr 3@%@ &éﬁn&%‘% %od%ﬁ%@r og ICa ~NaJ- aC~

| UC-or- 1y 30N e e A, RS éﬁ“’%ﬂé MR @%‘%oh @ Hote

Cont act i ng f&’o%%qd\%lfémemre@ewﬁ&meexsbmkeeﬁe g8 fé?i“b‘ 8iipgund and

triethylalumnumare contact neously. B: Et hyl'ene Fom um

compound. ar § ©RaLAAked it h&%rﬁ%n@%ﬂ&%@{hmtééﬂhi’ﬂxé‘éé‘%‘%”&'&‘ Egpontacted.

C. Chromiumconpound and triethylal um num are heat treat and

contacted t@; ?cttmflee'%% co&pllﬂezx f¥dhilhdis MH\EINEJ.D the electron p
~ONCG~t " | ~cNU" T~a~00c BTG o 11 pe po-d 9658 1Y RBH~Nr 1 ~0 -

~ ~ ~UL' - 10d,h9rMokphinlaGlrid ar@ idWwahd - pyflta@pyp%& .aye. - ~oapra~occ~xW

10 t11 O NO bONL(7C [ OMONG 1Gl~ ~Or -1 bOOGLt f 1b~, ~f ~r | Nf~r-1tf7d ~ "V O
O -1 rif ~p~brioledDiatell'toGldH el NH @miturr tetemd m' Uy Goaf ¥o@s C O-~ y-"U ¢ WU
WQ ~ Ud OUI ~,~ Orl sse~~ UoNw Uwn . G-1NUUO UO U~nUG~ G-NOwWAJO?, w
r-i~U UWUQ0 Qkopor€ionsd.>, FuntHeks edqding-toi €he-am€ubtO of-anUrl >a En.
0~0 ~E ~~ w~ yE OO 3r~ w0 UQ WJ--U vU ~a - 43 vaC.JOUNGCGC r H
0~ac~0~N~Nr allk{tal vat rROrOoCmPAuALEXWep @ NedTivity 6F L itexetk among
NO1lr-1.,prl.C7p(-1r-iO~-Q~ O 'or~cpccOa~oc~n~.,i,00 '~c...

C)GﬂCb~ochbebeesipf@NMQHdW@EﬁBSLb@-enamgé"lymich is believed to be
QNI ~MO~~C~~pNNl ~| 0O - 1f nr-i pcf " 1npOQQp41C7r 11 DO1INr ~CLGLc7~Qu~pQdGLC: 701~pf ~
ONl Dpf ' " 7r 1ekipiiNERE 1R~ td |the Nq@qdﬂnatQﬂD¢J$ﬂ&}®@~H@L(KFQmQCﬂl O O 0ouU

¢, ~UU~c CQ U0~ OU~=p, . i QoNw Un . INUUO UO UUNG. . i wONOY, w ri -i U ULCO Oy~
G~ % .. -~cogoopnd 5mtu9&dcmm&qblgmm %WIBOUH ‘1o ..,0s~E -y w-E
00 3mw~ UM --U 41U 10 - MN r~ O MN -0l 1tf 1~f1 MO

Mori Ol r10C OOr Tlhlel P,r|e|s|e|n.todmer}@qsr %ﬁ) cendupppg prtgnsive

Qi Qc~ ~ ~ ~ CF ~~ = we
SO Y1 v ifchEEch"@ ST GG AN TR DF 14T LRy Shr S O
v {[&Qﬂa%ig@s&gﬁ&ﬁéﬁg ~N9“°E5% S SFREEEs b0, j2ccomplished

~~. ~. Na~CyNi Os~CCp, L ca0. . OCE. u~C a~
cy OCCNOC | Crtll’% BFF%Agéa ary - EO cOOU~~U U<C ~~E-~ - 45

The present invention provides a method for

cligomerizing an «-olefin by means of a catalyst system
comprising a chromium compound having at least one
chromium-pyrrolyl bond and an alkylaluminum compound,
wherein the a-olefin is contacted with the chromium
compound and the alkylaluminum compound without
preliminarily contacting the chromium compound to either
the o-olefin or the alkylaluminum compound, and/or
wherein the alkylaluminum compound is used in an amount

of at least 20 mmol per g of the chromium compound.
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ol i gonerization reactron i s carr g of hy gen. 3. The

n Method fog,pr QQHCFEQe?ygégaﬂlﬁf 7 3G aH! [Q?Lgél ra&"d 3ot Y=Y Lherein the

solvent is an” a I cyc caruon sol vent.
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Among the foregoing electron pair donor solvents, ethers

are preferred. Among them, tetrahydrofuran, diethyl

ether and dimethoxyethane are more preferred.

As a method for reacting the chromium salt and the

metal pyrrolide in the electron pair donor solvent, the

chromium salt and the metal pyrrolide are mixed at an

optional ratio and reacted usually under atmospheric

pressure preferably in the absence of an oxygen molecule.

The reaction temperature may be at an optional level, but

the reaction is preferably conducted under reflux of the

solvent. If desired, the reaction may be conducted under

irradiation with ultrasonic waves. The reaction time 1is

usually from 30 minutes to 48 hours.
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formed precipitate of the chromium compound is collected
by filtration and washed with the added solvent to remove
the electron pair donor solvent. As the solvent other
than the electron pair donor solvent, a linear or
alicvclic saturated hydrocarbon such as pentane, hexane,
heptane or cyclohexane, an aromatic hydrocarbon such as
benzene, toluene or xylene, & linear chlorinated
hydrocarbon such as chloroform, methylene chloride,
dichloroethane or tetrachloroethane, or a chlorinated
aromatic hydrocarbon such as chlorobenzene or
dichlorobenzene, may, for example, be mentioned.
However, it is preferred to employ a linear or alicyclic
saturated hydrocarbon.

Another method for obtaining the chromium compound
containing at least one chromium-pyrrolyl bond to be used
in the present invention, is a method of reacting a

chromium salt and/or complex soluble in a solvent other

than the electron pair donor solvent, with a metal
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nitrile complex, a phospnine complex or a thioether

complex of a halogenated chromium, specifically

CrC¢4-3THF, CrC€3-3dioxane, CrCé,- (CH3CO,n~C Hy),

CrCe,- (CHyCO,C,Hg), CrCey-3(i-C,H,0H),

CrCe,-3([CHE,(CH,) CH(C,Hs)CH,00], CrCé,-3pyridine,

CrCe,-2(i-C4H,NH,), [CrC¢;-3MeCN]-MeCN (MeCN =

acetonitrile), CrCé,-3PPh; (PPh; = triphenylphosphine}),

CrCe,-2THF, CrCe,-2pyridine, CrCe,-2[(C,Hs),NK],

CrCe¢,-2MeCN (MeCN = acetonitrile) or CrC€2-2[P(CH3)2Ph]

(Ph = phenyl group). Further, it may be a chromium j3-

diketonate, a chromium carboxylate, a chromium-carbonyl

complex, various cyclopentadienyl complexes of chromium,

a chromium-alkyl complex or a chromium-phenyl complex,

specifically Cr(CH;COCH=C(O-)CHy]l;,

Cr (CH4(CH,)4CH(C,H¢)CO,),, Cr(CO)g, CpCrCe, (Cp

=cyclopentadienyl group), (Cp'CrCeéCH,), (Cp" =

pentamethylcyclopentadienyl group), (CH4),CrC¢ or
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solvent depending upon the types of the chromium salt
and/or complex and the metal pyrrolide. The reaction
time is usually from 30 minutes to 48 hours.

After completion of the reaction, by-products may be
removed by filtration. However, without such removal,
the reaction product may be used directly for the
oligomerization reaction of an «—-olefin. Further,
without removing the solvent, the reaction product may be
supplied directly for the oligomerization reaction of an
a-olefin. When the reaction solvent is to be removed, ic
may be distilled off under reduced pressure or by
circulating an inert gas at a high temperature or an
ordinary temperature, or a solvent in which the formed
chromium compound is inscluble, is added, and then the
precipitate containing the chromium compound is collected
by filtration and washed with the added solvent to remove

the reaction solvent.



10%& ()-2pP0  10%& ()-2 109%& ()-2 109%& ()-2 109%& ()-2 10%& ()-2 10%& ()- 2
10%& ()-21 PO 10%& ()-2 109%& ()-2 109%& ()-2 109%&' ()-2& 10%& ()-2 109%& ()-2
10%& ()-2hLOPO0 109%&' ()-2 109%&' ()-2 10%& ()-2 10%& ()-2_px@|M T8
109 ()-2 109%& ()-2 109%& ()-2 109%& ()-2 10%& ()-2 10%& ()-2 10%& ()-2LOt T8
109 ()-2& pXx@ | M 10%& ()-2 10%& ()-2 109%& ()-2tX8  109%& ()-2 109%&' ()-2
109 ()-2 109%& ()-2 109%& ()-2 109%&' (L-2,10%& ()-2tX8 10%& ()-2 109%& ()-2
109 ()-2 109%& ()-2 109%& ()-2 109%& ()-2710%& ()-2hLOX8 10%& ()-2 109%& ()-2
109 ()-2 109%& px@ | MpT8. _ 109%&' ()-2 10%& ()-2 10%& ()-2 109%& ()-2
109%&' ()-2 109%& é)’l@ﬂf@o/&*e(t)hozicfﬁrs ObigRiR {nNg B PRe@ I M A00RFPPLPM100& () - 2
109 ()-2tX8  10% ()-2 109%& ()-2 109%& ()-2 10%& ()-2 109%& ()-2 109%& ()-2
109%&' () - 2t XB°MP2eH )“hz‘ci‘ov&t@)lyfefome( )Rl gy {32 Diamogf (4= 2 1008 () -2
109&' ()-2hL, X8_10%&' ()-2 1Qu& % ()-2 10%& ( PX@ | M X<, 10
109&' 8 2 19%BL P 213%37&‘3(J 23 l%%&h(y) ez'le(l%%g? (Bhez fi%%/%f(f) - gl @ - 2;_0t X<
10%& ()-2_px@ 09 2 10%& (-2 10%& (.)- T8 109%& ()-2 109%& ()-2
109 8 2 Ebﬁ/ LE‘A?% {%6%&'9(3)3 z‘ofogé LR )Sapzl’pLTS"ltfbcm %Qfgpzotmd/&' (%) 22
109& ()-2 109%& () -2 10%& %&' 2 .109& ()-2hL, T8 109%& ()-2 10%& &
0%&' 8 28 9B9& %5”59 Q@’VM" ST Pld&&'c(c’)“az“’fo%}k Xy-2 4y ﬁma)ﬂzon

R e A
igofﬁ; 5 ey %§‘ 2 1 éﬁ-o 8‘ m}fgégdﬁg G o%gf / %Z@F@drflagy%ﬁ()
184%-& R SR iR %@%%ﬁ@qﬁ SR %2 e

| M 109 () - e dOVEnEd Gumbersome isolation operation compared when

the reaction of a chromium salt with a metal pyrrolide is
conducted in an electron pair donor one. When an e-
olefin, particularly ethylene, is oligomerized on using
such a chromium compound prepared in a hydrocarbon
solvent, 1t 1s possible to obtain hexenes having a high
selectivity of l-hexene. Besides, in spite of the change
in the reaction conditions such that the amount of the
alkylaluminum compound is reduced, the selectivity of 1-
hexene in the resulting hexenes can be maintained at a
high level.

In the present invention, it is essential that such a
chromium compound contains both chromium atom and
pyrrolyl group. The chromium compound prepared by the
reaction of a chromium salt with a compound containing a
pyrrolyl group in a hydrocarbon solvent may be obtained
as a mixture of chromium atom, a pyrrolyl group, other
organic or inorganic groups, and/or metals of IA, IIA,

IIIB, or IVB of the Periodic Table. Such a mixture is
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chromium f-ketocarboxylate, a chromium-amide complex, a
chromium-carbonyl complex, various cyclopentadienyl
complexes of chromium, 2 chromium-alkyl complex or a
chromium-phenyl complex may, for example, be mentioned.
Particularly preferred is a chromium fS-diketonate, a
chromium-carboxylate or a chromium fS-ketocarboxylate.
More specifically, it may, for example, be Cr(CO)g,
CpCrC¢, (Cp =cyclopentadienyl group), (Cp'CrC¢CH,), (Cp”
= pentamethylcyclopentadienyl group), (CH;),CrC¢,
chromium (III) acetylacetonate, chromium (III) 2,2,6,6-
tetramethyl-3,5-heptanedionate, chromium (III) 2-
ethylhexanoate, chromium (III) naphthenate, chromium
(III) methyl acetoacetate, or chromium (II)
bis(trimethylsilyl)amide.

As the hydrocarbon solvent, a hydrocarbon compound

and a halogenated hydrocarbon compound may, for example,

be mentioned as typical examples. More specifically, it
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hydrocarbons are preferred.

The compound containing a pyrrolyl group is
exemplified as the same described hereinbefore.

As a method for reacting the chromium salt and the
compound containing a pyrrolyl group such as a metal
pyrrolide in the hydrocarbon solvent, the chromium salt
and the compound containing a pyrrolyl group such as a
metal pyrrolide are mixed at an optional ratio and
reacted usually under atmospheric pressure preferably in
the absence of an oxygen molecule. The reaction
temperature may be at a level of from -100°C to the
boiling point of the solvent depending upon the types of
the chromium salt and/or complex and the compound
containing a pyrrolyl group. If desired, the reaction
may be conducted under irradiation with ultrasconic waves.
The reaction time is usually from 30 minutes to 48 hours.

After completion of the reaction, by-products may be

removed by filtration, but the chromium compound may be



Y10%z& ()-/S?: h9=U $ Y10%z& ()-/ $ Y10%z& ()-/_?</ $ Y10%z& ()-/ $
Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/ $
Y10%z& ()-//12</S?: h9=U $ Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/ $
Y10%z& ()-/t X</ S?: $ Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/ $
Y10%z& ()-/Y $ YI0%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/ttX</S?: $
Y10%z& ()-/ $ Y10%z& ()-/ $ YL0%z& ()-/ $ Y10%z& ()-/Y $ Y10%z& ()-/ $
Y10%z& ()-/ $ Y10%z& ()-/t X<t X</ S?: _$1¥1Q%z& ()-/ $ Y10%z& ()-/ $
Y10%z& ()-/ $ Y10%z& ()-/YS?: ho=Ut X</ S?: $ Y10%z& ()-/ $ Y10%z& ()-/ $
Y10%z& ()-/ $_Y10% zgﬁ()-/Y $ Y10%z& ()-/ $ Y10%z& ()-/ $
Y10%2z& () -/ ®B3EXRES BYYISTLY&NE) theg Selyshre (Orm (Fhe YASRET®@N ) - / ( S?:
ho=U( $ Ylocygzg%%-/ ?E%Su$ $ Y10%z& ()-1 $ YI0%Ez& ()-f $ Y109%2z& ()-/ $
Y10%z& () -/ PECYi682 TR PPUF §CPRYSRILSEFTY BY7HIS I G0V Z& (3097U5?: ho=U $
Y10%z& ()-/ $_Y10%z& ()-/ $.Y10%z& ()-/tX</S $ $ YI0%z& ()-/ $
Y10%z& ()-/W$Lf\??ité%Eaf“é’%’?-/l @Evfé%fa'lp)eﬁ/t '$ PR REAL ()27 3550@1"%53’)&2‘"@‘-()-/ $
Y10%iz&'()-/$tX</§ ?: . ho=U YlQ%%% '&éxl $ Y10%zz& ()-/ $_Y10%%;&f()-/ $
Y10%z& ()-/FEEFCS 3?16%12&2?) FPT Y09 28T 4§ e 78 )" L an
Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/ $.Y10%z& ()-/, . kIL,/ $
Y10%2z& ()-/°¥109R2& %‘% a@?ﬁ@é/z OE) TS Vv 1 (f)‘i)-alc%l%cﬁﬁéi’@%-/ $
Y10%z& ()-/ _$ Y10%z& ()-/ tT4l L,/ $.Y10%z& ().-/, $ Y10%z& ()-/ $
Y10%2z& ()-1°% v%mah%s/ §9.Iuﬁ995’kb§/ $ ¥ )59 %“%%é/fz&' -1 $

me

thod wherein the solvent for the washing solution is
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)_

distilled off urider reduced pressure or by circulating an
inert gas at a high temperature or at room temperature,

or & method wherein after completion of the reaction, the
product is left to stand still, followed by filtration or

removal of the supernatant, then the residue is washed

[ Ead

oreferably with a2 hydrocarbon compound which hes low

-
)=
-

doiling pecint such as n-hexansa. fter removing the
washing solution, the chromium compound is obteained.

In the present invention, the specific chromium
compounds can be used as supported on a carrier such as
an inorganic oxide. However, in such a case, the amounct
of polymer formed tends to increase. Therefore, it is
preferably used simply in combination with the
alkylaluminum compound without employiang such an
operation. Namely, according to the method of the
present invention, high catalytic activities can be
obtained without employing a cumbersome operation of
supporting on a carrier. Further, the method is free

from such a problem that the total amount of the catalyst

used (the total amount of the carrier and the chromium
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R! A¢(OR?) nHpXg (1)
wherein each of R! and R? which may be the same or
different, is a Cyi_157 preferably C,_g; hydrocarbon group,
X is a halogen atom, 0<m<3, 0gn<3, 0<p<3, 02£g<3, and
m+n+p+g=3. For example, alkylaluminum compounds of the
following formulas (2) to (7) may be mentioned:

a trialkylaluminum compound of the formula:

RI,AC (2)
wherein R! is as defined above;

a halogenated alkylaluminum compound of the formula:

R BEXy_ . (3)
wherein R! and X are as defined above, and 1.5<m<3;

an alkoxyalkylaluminum compound of the formula:

R _A¢(OR2),__ (4)
wherein R! and R? are as defined above, and 0O<m<3,
preferably 1.5<m<3;

an alkylaluminum hydride compound of the formula:

R BOE,_ (5)
wherein R! is as defined above, and 0<m<3, preferably

l.S;m<3;
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and m is an integer of from 0 to 30, preferably at least
10. Specifically, trimethylaluminum, triethylaluminum,
triisobutylaluminum, diethylaluminum chloride,
diethylaluminum ethoxide, diethylaluminum hydride,
methylaluminoxane and isobutylaluminoxane may, for
example, be mentioned. Among them, a trialkylaluminum is
preferred, since only a small amount of polymer formed as
by-product.
To conduct the oligomerization using the specific
chromium compound obtained by the reaction in a
nydrocarbon solvent, the amount of the alkylaluminum
compound to be used per g of the chromium compound is at
least 0.1 mmol, but preferably more than 5 mmol, so that
the catalytic activities and the selectivity for the
trimer will be improved. The method for producing the
chromium compound in a hydrocarbon solvent has a merit in
that as compared with the case where a chromium compound
produced in an electron pair donor solvent is employed,
the amount of the alkylaluminum compound to be used may

be small, and yet the selectivity of the resulting 1l-

hexene among hexenes produced will not decrease.
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rinated hydrocarbon

such as chloroform, methylene chloride, cdichloroethane,

trichloroethane or tetrachloroethane, or chlorineated

aromatic hydrocarbon such as chlorobenzene or

cdichlorobenzene, may, for example, be used. Among these

solvents, a linear or alicyclic saturated hydrocarbon is

oreferred. Further, the c¢c—olefin as the starting

material for the reaction itself, or an e¢-olefin other

(r

oTr rs

c

fu

[ i

than the mein starting material

ion, may be used

&s the solvent. As such an ¢-olefin, the one having from

¢ to 30 carbon atoms may be employeé, but the one which

is liquid at room temperature, is particularly preferred.

In a case where the cligomerization of an «-olefin is

conducted by specifying the contacting method of the

catalyst and the amount of the alkylaluminum compound to

bpe used, it is preferred to use an alicyclic hydrocarbon

among these solvents, since high catalytic activities can

thereby be obtained. Further, in a case where the

oligomerization reaction is conducted bv prescribing the

concentration of the chromium compound, it is preferred

to use a chain saturated hydrocarbon such as butane,
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methyl-l-pentene. The present invention is particularly
suitable for the oligomerization of ethylene, whereby l-
hexene can selectively be obtained in good yield.

The temperature for the oligomerization reaction is
usually from 0 to 250°C, preferably from 0 to 150°C, and’
the pressure is usually from atmospheric pressure to 250
kg/cmz, but it may sufficiently be not more than 100
kg/cm?. The retention time is usually within a range of
from 1 minute to 20 hours, preferably from 0.5 to 6
hours.

The reaction may be conducted by a batch system, a
semi-continuous system or a continuous system. The
apparatus for the reaction is not particularly limited.
For example, a tubular reactor or an agitation tank type
reactor may be employed.

In the present invention, it is necessary either to
contact the «-olefin to the chromium compound having at
least one chromium-pyrrolyl bond and the alkylaluminum
compound without preliminarily contacting the chromium

compound to the ag-olefin and the alkylaluminum compound,

or to use the alkylaluminum compound in an amount at
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one chromium-pyrrolyl bond may be at any level so long as
it is at least 5 mmol per g of the chromium compound or
at least 25 mmol per g of chromium metal. As a specific
contacting method, the reaction of batch system can be
conducted by a method wherein the alkylaluminum compound
is present in a solvent, and the chromium compound and
the c-olefin are simultaneously introduced thereto, or a
method wherein firstly, the c¢-olefin and the
zlkylaluminum compound are contacted, and then the
chromium compound is introduced thereto. The reaction of
continuous system can be conducted by a method wherein
the respective components are supplied to the reactor
directly and independently, or a method wherein the
respective components are supplied and transported to a
reactor through e.g. pipes connected to the reactor, in
the order to realize the same contacting state as in the
above-mentioned method for batch system. Under the
conditions of the present invention, the interaction

between the alkylaluminum compound and the c¢-olefin is so

small that the above-mentioned various contacting methods
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supply method is not particularly limited so long as the
same contacting state is accomplished with respect to the
respective materials to be supplied afresn.

By employing the above contacting method, a
substantial improvement in the catalytic activities and
an effect of e.g. suppressing formation of polymers, can
be obtained. In the catalyst system of the present
invention, a solvent-soluble component formed by the
reaction of the specific chromium compound and the
alkylaluminum compound is considered to have
oligomerizing activities. It is considerec that when the
«~olefin is contacted to the specific chromium compound
and the alkylaluminum compound without preliminarily
contacting the specific chromium compound to either the
¢—olefin or the alkylaluminum compound, the resulting
active species are stabilized by e.g. coordination of the
¢—-olefin present, and the amount of the active species
will increase. On the other hand, when the «-olefin is
contacted after contacting the specific chromium compound
to the alkylaluminum compound in the absence of the ¢-

olefin, the amount of the active species decreases for
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then the alkylaluminum compound is contacted thereto. 1In

this case, it is considered that the chromium compound

becomes to be hardly soluble, when reacted with the

alkylaluminum compound, by the preliminary contact with

the «-olefin.

Even in a case where the above contacting method is

not employed, fairly high oligomerizing activities and

selectivity for trimer can be obtainer by adjusting the

amount of the alkylaluminum compound to the chromium

compound to a level of at least 20 mmol per g of the

chromium compound having at least one chromium-pyrrolyl

pond or at least 100 mmol per g of chromium metal,

preferably at least 30 mmol per g of the chromium

compound or at least 150 mmol per g of chromium metal.

If the amount of the alkylaluminum compound is less than

20 mmol per g of the chromium compound having at least

one chromium-pyrrolyl bond, selectivity for trimer and

catalytic activities tend to be low.

By increasing the amount of the alkylaluminum

compound to the chromium compound, the solubility of the
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the alkylaluminum compound is used unnecessarily in a

$
$

large amount, the yield of the product per the
alkylaluminum compound decreases. The upper limit of the
amount of the alkylaluminum compound is preferably 1000
mmol per g of the chromium compound having at least one
chromium-pyrrolyl bond or 5000 mmol per g of chromium
metal, more preferably 500 mmol per g of the chromium
compound or 2500 mmol per g of chromium metal.

On the other hand, the contacting method and/or the
amount of an alkylaluminum compound added in the
oligomerization of an a-olefin in the present invention
may not be particularly restricted by using the catalyst
system which is comprised from the chromium compound
prepared by the reaction of a chromium salt with a
compound containing a pyrrolyl group in a hydrocarbon
solvent. However, when both of either the same
contacting method and/or the same amount of an
alkylaluminum compound stated before are/is employed in
the oligomerization of an a-olefin wherein the chromium

compound is formed in a hydrocarbon solvent, the activity
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is usually from 0.1 mg to 5 g of the specific chromium
compound or from 0.02 mg to 1 g of chromium metal, per ¢
of the solvent, preferably from 1 mg to 2 g of the
specific chromium compound or £rom 0.2 mg to 0.4 g of
chromium metal, per ¢ of the solvent. However, by
adjusting the concentration preferably to a level of at
most 150 mg of the chromium compound having at least one
chromium-pyrrolyl bond or at most 30 mg of chromium
metal, per ¢ of the solvent, more preferably at most 100
mg of the chromium compound or at most 20 mg of chromium
metal, per ¢ of the solvent, the catalytic activities (g
olefin/g chromium-hr) and the catalytic efficiency (g
olefin/g chromium compound) will substantially increase.
The lower limit of the concentration of the chromium
compound is not particularly limited. However, if the
concentration is too low, the yield of the product per
reactor will be low, such being undesirable. Therefore,
the lower limit is usually at a level of 20 mg of the
chromium compound or 4 mg of chromium metal, per ¢ of the

solvent. The mechanism of the increase of the activities



$ Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/
$ Y109%2z& ()-/ $ Y10%z& ()-/tX8tX</S $ Y10%z& ()-/ $ Y10%z& ()-/ $
Y10%z& ()-/S?: h9=U $ Y10%z& ()-/0S7/S $ Y10%z& ()-/ $ Y10%z& ()-/( $
Y10%z& ()-/( $ YI0%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/ $

Y10%z& ()-/kOB0S7/S $ Y10%z& ()-/ $ Y10%z& ()-/S?: h9=U $ Y10%z& ()-/ $
Y10%z& ()-/kOB/S $ Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/ $

Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z&Zd -1 $ Y10%z& ()-/P4kOB/ S $

Y10%z& ()-/S?: h9=U $ Y10%z& ()-/ $ Y10%z& ()-/ $ Y10%z& ()-/I1P4/S $

Y10%22& () -is $hotlOpge&cldar1d MHOMEZEdd ; /oS YIONE&ohsh a8 ¥A0UREE () -/ $
Y10%z& ()-/ $ Y10%z& ()-/41 PA/SS?: h9=U $ Y10%z& ()-/ $ Y10%z& ()-/ $

Y10%2z& () Hy &EnelB@zdedde /44 e Sddeed £Atid #1050 tBe( tnrok@im & ()- z10%
& ()-21022102zz10zz $ Y10%z& ()-/ hH,:B10% & ()-/B10% & ()-/B10%

& () -/ Bl0O%cohidurBl0%he &d)ud BlO% <& (4né Bddibodnd) inthbasBi0% & () -/ B10%
& ()-/B10% & ()-/B10% & ()-/B10% & ()-/B10% & ()-/Bl0%
& ()-/t TAhHEBHEYs0&X {0 1o Bl r e (ded BIDHS% s & ¢ ) bt BA§Y%ab&ut) ahSae; {>9=
I"#$& tT8: B10% & ()-/B10% & ()-/B10% & ()-/B10% & ()-/Bl0% & ()-/B1l0%
& ()-/Bl0%inkdeade )3f 120884 TBrBlO0i & (3:£4810% & ()-/Bl0% & ()-/(Sae;
{>9=(B10% & ()-/2357;>@D8: B10% B10% & ()-/B10% & ()-/B10% & ()-/B10%
& ()-/B10% & (purfi®s &h()hé @UDHTSDBzBE060 &E( pn/ daelef28=-BiO0%ne
present invention, an improvement in the catalytic
activities and selectivity for trimer is observed when
hydrogen is present during the reaction. Especially when
the oligomerization reaction of the present invention is
conducted in an elicyclic hydrocarbon solvent and in the
presence of hydrogen, the catalytic activities and
selectivity for trimer can remarkably be improvec. 1In a
case where the oligomerization reaction of an «-olefin,
especially ethylene, is conducted by using a catalyst
comprising the chromium compound having at least cne
chromium-pyrrolyl bond and an alkylaluminum, an
improvement in the catalytic activities and selectivity
for trimer is observed by the presence of hydrogen, but
the selectivity of l-hexene among hexenes produced tends
to decrease. A feature of the present invention resides
in that when the oligomerization reaction is conducted by
using a catalyst comprising the specific chromium
compound obtained in a hydrocarbon solvent and an
alkylaluminum, not only an improvement in the catalytic

activities and selectivity for trimer is obtainable, but

also no substantial decrease in the selectivity of 1-
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invention, is not more than 25% by weight of the total
product. According to a preferred method of the present
invention, formation of such polymers, is not more than
15% by weight. By employing the proper method, it can be
controlled to a level of not more than 5% by weight.
According to the method of the present invention, a
product composed mainly of a trimer can be selectively
obtained in good yield by oligomerizing an «¢-olefin,
particularly ethylene, and formation of polymers can be
controlled. Thus, the present invention provides a
significant industrial advantage.
Further, by using as a catalyst the specific chromium
compound obtained by the reaction in a hydrocarbon
solvent, when an ¢-olefin, particularly ethylene, is
oligomerized, the selectivity of l-hexene among hexenes
produced will be improved, whereby purification of 1-
hexene by e.g. distillation will be easy, and the costs
for the purification apparatus can be reduced. Further,
a product of a high purity can be obtained without
requiring a particularly precise purification operation,

and the oligomerization reaction proceeds at a high

catalytic activities. Therefore, the value of the method
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means restricted by such specific Examples.
CATALYST PREPARATION EXAMPLE 1

Preparation of chromium compound 1

To 0.815 g (20.3 mmol) of NgH, 15 mé of THF was
added, and 1.4 m¢ (20 mmol) of pyrrole dissolved in S m¢
of THF was dropwise added thereto. The mixture was
stirred at room temperature for one hour, and then this
solution was dropwise added to 1.23 g (10 mmol) of CrC¢s,
suspended in 20 m¢ of THF. After the dropwise addition,
5 mé of THF was added thereto, and the mixture was
refluxed for 20 hours under heating. The precipitate was
filtered off. Then, 100 m¢ of pentane was added to the
filtrate, and the mixture was left to stand still at 5°C.
The formed precipitate was collected by filtration and
dried to obtain 0.506 g of a dark green powder. The
contents of elements in this powder were as follows.

Cr: 19.1%, C: 52.3%, H: 5.45%, N: 11.6%.

CATALYST PREPARATION EXAMPLE 2

Prevaration of chromium compound 2

To 19 m¢ (30 mmol of n-BuLi) of a n-BulLi/n-hexane
solution, 2.1 m¢ (30 mmol) of pyrrole dissolved in 20 m¢

of THF was dropwise added at —-78°C, and the mixture was
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being left to cool, the formed precipitate was filtered
off. The filtrate was dried up to obtain a powder. The
contents of elements in this powder were as follows.

Cr: 6.6%, C: 69.2%, H: 7.3%, N: 15.1%.
CATALYST PREPARATION EXAMPLE 3

Preparation of chromium compound 3

To 0.79 g (16.5 mmol) of NaH, 15 m¢ of TEF was added,
and 1.0 m¢ (15 mmol) of pyrrole dissolved in 5 m¢ of THF
was dropwise added thereto. The mixture was stirred at
room temperature for one hour, and then this solution wes
dropwise added to 0.79 g (5 mmol) of CrC¢; suspended in
25 m¢ of THF. After the dropwise addition, the mixture
was refluxed for 5 hours under heating. The precipitate
was filtered off. Then, the solvent was distilled off to
obtain 1.65 g of a black powder. The contents of
elements in this powder were as follows.

Cr: 6.5%, C: 58.0%, H: 6.6%, N: 10.5%.

CATALYST PREPARATION EXAMPLE ¢

Preparation of chromium compound 4

To 15 m¢é¢ of a THF solution of pyrrole (10.1 mmol),
MeLi (7.5 m¢ of a 1.4M Et,0 solution, 10.5 mmol) was

dropwise added at =-78°C. After dropwise addition, the
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solution turned black. The reaction solution was

filtered through a G3 filter, and the filtrate was

concentrated to obtain a black powder. Then, 10 mé¢ of

toluene and 3 m¢ of pyridine were added thereto, and the

mixture was heated by an oil bath and filtered through a

G3 filter while it was still hot. The obtained filtrate

was slowly cooled to room temperature. The supernatant

cf precipitated needle-like crystals was removed, and the

crystals were washed with toluene to obtain 593.6 g of

brown needle-like crystals. The obtained crystals were

pulverized and used for the oligomerization reaction.

The contents of elements in the needle-like crystals were

as follows.

Cr: 10.0%, C: 69.2%, H: 6.06%, N: 13.7%.
CATALYST PREPARATION EXAMPLE 5

Preparation of chromium compound 5

To 12 m¢ of a THF solution (0.5 M) of Na (pyrrolide),
a THF suspension (8 m¢) of CrCé¢4-3 pyridine (0.79 g, 2
mmol) was dropwise added at room temperature. The
mixture was stirred for one hour and then refluxed for 5
hours. After cooling the mixture to room temperature, 10

m¢ of THF was added thereto, and the supernatant was
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To a solution of chromium (III) acetylacetonate (2.55
g, 7.3 mmol) in toluene (15 m¢), a suspension of powdery
lithium pyrrolide (1.60 g, 21.9 mmol) separately
prepared, in toluene (5 m¢), was added at room
temperature under a nitrogen atmosphere. The reaction
mixture was gradually heated to 100°C, and the stirring
was continued for 25 hours while maintaining the
temperature. The reaction mixture was cooled to room

z

temperature, and then the solvent was distilled off under
reduced pressure from the reaction mixture, to obtain
4.15 g of a reddish brown powder. For the
oligomerization reaction of ethylene, this powder weas
used as it was. The results of the elemental analysis of
this powder was as shown below. The yield per Cr as
calculated from the analyzed value of Cr and the obtained
amount, was 100%. The IR spectrum of this powder is
shown in Figure 1. The measurement was conducted by a
nujor method using 165 Model FT-IR, manufactured by
Perkin Elmer.

Cr: 9.1%, C: 57.0%, H: 5.9%, N: 7.4%.
CATARLYST PREPARATION EXAMPLE 7

Preparation of chromium compound 7
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&« (- 1BI0 0waves were irradiated to the reaction mixture for 17

hours. During this period, the water temperature of the

ultrasonic wave cleaning apparatus rose to a level of

40°C. After completion of the reaction, the supernatant

was withdrawn to remove unreacted chromium (III) (2~

ethylhexanoate). Then, the residue was washed with

heptane, and the supernatant was removed in the same

manner as above. The residual solid was vacuum-dried at

room temperature to obtain 0.97 g of a deep green powder.

The results of the elemental analysis of this powder wers

as follows. The yield per Cr as calculated from the

analytical value of Cr and the obtained amount, wzs

83.7%.

Cr: 7.5%, C: 58.1%, H: 7.4%, N: 7.2%.
EXAMPLE 1
A 300 m¢ autoclave heat-dried by a drier at 150°C,

was assembled while it was still hot, and flushed with

nitrogen under vacuum. This autoclave was provided with

a catalyst feed tube equipped with a burst plate. 50 m¢

of heptane and 0.4 mmol of triethylaluminum were charged

to the body side of the autoclave. On the other hand, 10

mg of chromium compound 1 slurried in 1 m¢ of heptane was
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&f()-/BlO@ﬁlQQKQdVQQQM%tS?Q%C/TBEﬁﬂgh t catalyst feed tube. By

the ethylene pressure, the burst plate bursted, whereupon
the ethylene, the chromium catalyst and the
triethylaluminum were simultaneously contacted to one
another, and oligomerization of ethylene was initiated.
Ethylene was introduced until the total pressure became
40 kg/cmz, and thereafter oligomerization of ethylene was
conducted for one hour while maintaining the total
pressure at 40 kg/cmz. The internal temperature of the
autoclave became 90°C by the polymerization heat, and
thereafter the reaction temperature was maintained at
80°C. One hour later, ethanol was injected to terminzte
the reaction, and the product was quantified by gas
chromatography. The results are shown in Table 2.
EXAMPLE 2

Into the same autoclave as used in Example 1, 10 mg
of the chromium compound 1 and 0.4 mmol of
triethylaluminum were charged in the same manner.

Hydrogen was introduced to 3.5 kg/cm?, and the
autoclave was heated to 90°C. At such a time, the
chromium compound and the triethylaluminum were not in
contact with each other. Then, ethylene was introduced

at 90°C through the catalyst feed tube. The burst plate
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0.5 hour while maintaining the total pressure at 40

kg/cm®. The internal temperature of the autoclave became
110°C by the polymerization heat. The autoclave was
cooled and thereafter the reaction temperature was
maintained at 100°C. 0.5 Hour later, ethanol was
injected to terminate the reaction, and the product was
guantified by gas chromatograph. The results are shown
in Table 2.
EXAMPLES 3 to 8

The reaction was conducted in the same manner as in
Example 1 except that the reaction conditions and the
chromium compound were changed as identified in Table 1.
The results are shown in Table 2.
EXAMPLE 9

Into the same autoclave as used in Example 1, 10 mg
of the chromium compound as used in Example 1 and then 62
m¢é¢ of heptane, were charged. Then, the temperature was
raised to 90°C, and ethylene was introduced to 35 kg/cm?.
No absorption of ethylene was observed. Therefore, 0.4
mmol of triethylaluminum was injected, whereupon

absorption of ethylene started. 30 Minutes later,
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manner as in Example 7 except that the reaction solwvent
was changed to cyclohexane. The reaction conditions are
shown in Table 1, and the results are shown in Table 2.
EXAMPLE 11

Oligomerization of ethylene was conducted in the same
manner as in Example 10 except that the amount of
triethylaluminum was changed to 0.4 mmol, ané hydrogen
was introduced to 3.5 kg/cm?. The reaction conditions

re shown in Table 1, and the results are shown in Table

n

EXAMPLES 12 to 14

The reaction was conducted in the same manner as in
Example 1 except that the reaction conditions and the
caromium compound were changed as identified in Table 3.
The results are shown in Table 3.
ZYAMPLE 15

A 300 m¢ autoclave heat-dried by a drier at 150°C,
was assembled while it wes still hot, and flushed with
nitrogen under vacuum. This autoclave was provided with
a catalyst feed tube equipped with a burst plate. 150 m¢
of heptane and 0.2 mmol of triethylaluminum were charged

to the body side of the autoclave. On the other hand, 10
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pressure at 35 kg/cmz. The internal temperature o
autoclave became 100°C by the polymerization heat, and
thereafter the reaction temperature was maintained at
100°C. One hour later, ethanol was injected to terminate
the reaction, and the reaction product was quantified by
gas chromatograph. The results are shown in Table 3.
EXAMPLE 16

Into the same autoclave as used in Example 15, 10 mg
0f chromium compound 4 prepared in Catalyst Preparation
Ixample 4, 150 m¢ of heptane and 0.4 mmol of
triethylaluminum were charged.

Hydrogen was introduced to 3.5 kg/cm?, and the
autoclave was heated to 90°C. Then, ethylene was
introduced at 90°C from the catalyst feed tube. The
burst plate bursted by the ethylene pressure, whereupon

the ethylene, the chromium compound and the
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The reaction was concducted in the same manner as in

Zxample 15 except that as the chromium compound, chromium

compound 5 obtained in Catalyst Preparation Example 5 was

used, and the reaction conditions were changed as

identified in Table 3. The results are shown in Table 3.

ZXAMPLE 19

A 300 m¢ autoclave heat-dried by a drier at 150°C,

was assembled while it was still hot, and f£lushed with

nitrogen under wvacuum. This autoclave was provided with

a catalyst feed tube equipped with a burst plate. 50 m¢

of neptane and 0.4 mmol of triethylaluminum were charged

to the body side of the autoclave. On the other hand, 10

mg of chromium compound 6 obtained in Catalyst

Preparation Example 6 slurried in 1 mé¢ of heptane, was
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EXAMPLE 20

Into the same autoclave as used in Example 19, 7 mg

of chromium compound 6 obtained in Catalyst Preparation
Example 6 and 0.28 mmol of triethylaluminum were charged
in the same manner. Hydrogen was introduced to 3.5
kg/cm?, and the autoclave was heated to 100°C. Then,
ethylene was introduced at 100°C from the catalyst feed
tube. The burst plate bursted by the ethylene pressure,
whereupon the ethylene, the chromium compound and the
triethylaluminum were contacted simultaneously to one
another, and oligomerization of ethylene was initiated.
Ethylene was introduced until the total pressure became

40 kg/cm?, and thereafter the total pressure was

maintained at 40 kg/cm? and the reaction temperature was
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COMPARATIVE EXBMPLE 1
The reaction was conducted in the same manner as in
Exazmple 9 except that the amount of heptane was changed
to 62 m¢ and the amount of triethylaiuminum was changed
to 0.12 mmel. The results are shown in Table 2
(continued).
COMPARATIVE EXAMPLE 2
The reaction was conducted in the same manner as in
Comparative Example 1 except that 3.5 kg/cm? of hydrogen
was introduced prior to the introduction of
triethylaluminum, and the total pressure was 40 kg/cm?.
The results are shown in Table 2.

COMPARATIVE EXAMPLE 3

The reaction was conducted in the same manner as in
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