18 AUG 2005 DESCRI PTI ON PROCESS FOR PRODUCI NG a - OLEFI N OLI GOVER TECHNI CAL
FI ELD The present invention relates to a process for producing an a -olefin
oligomer. More particularly, the present invention is 18AHN€c3088d with a
process for producing an a -olefin oligoner which is capable of producing a
high quality a -olefin oligomer having enhanced purity, in the case of
producing an a -olefin oligoner which has a double bond and 4 to 24 carbon

atons and which is wuseful as i rial for high nolecular

pol yners, plasticizers, surfa??gﬁﬁéhéﬁgrﬂﬁéflike by the use of a Ziegler
based cat al | ef i a doubl e
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practice usuall ¥uq){t9':]e 51 EPe COHRESEY 8208’&%1§1g an a -olefin oligomer

which has a double bond and 4 to 24 carbon atoms and which is
useful as a starting material for high molecular polymers,
plasticizers, surfactants and the like by the use of a Ziegler based

catalyst.

BACKGROUND ART

An « -olefin oligomer which has a double bond and 4 to 24
carbon étoms is a useful substance which is widely used as a
starting monomer material for olefin polymers, as a comonomer for
a variety of high molecular polymers, as a starting material for
plasticizers, surfactants, eté. The o« -olefin oligomer is produced
usually by oligomerizing ethylene as the starting raw material by
the use of a Ziegler based catalyst. In general, the production
process comprises a step of origomerization reaction, a step of
recovering unreacted ethylene, a step of deactivating and deashing
the catalyst and a step of fractionating the solvent used therein
and the « -olefin oligomer (see, for example, Japanese Patent
Application Laid-Open (kokai) No0.3-220135).

In the aforesaid production process, the origomerization

reaction is put into practice usually by one step composed of one



18 AUG 2005 reactor. In general, the a -olefin oligomer that is produced by
the above-nentioned step involves a problemin that it often contains such
inmpurities as paraffin, internal olefin and branched oh&fAlUG 2008hi ch bri ng
about marked deterioration in the quality of a polyethylene resin and the
li ke as the final product. DI SCLOSURE OF THE I NVENTION It has been desired
fromthe above- nentioned standpoint to develop a process for producing an
a -olefin oligomer which is  capable of producing a high quality a -olefin
ol i gormer criiofi ni Fege RAT fhe tBEntdenelofin Prg‘dﬂrﬂieést, ahigheredyeedfbyudiect i ng
an a -olefin to oligonerization reaction by the use of a_ Ziegler based

cat al PO w meﬁélapieéoﬁé?pzaweﬁveat%urg/rsqblelrﬁelrprtésfehtlti affett i< taid peen
made in the light of the foregoing.subject. That is to say, it is a genera
obj ects ugth tigep gré by wvréﬁfagﬁn,t dnpeBYRYec ke tinocast hprnphsduciladian a
-olefin oligonmer which is capable of producing a high quality a -qlefin

ol i gorfeh1¢h edingm akoytmpird tlhedy dafejggaston Zirleg%ére basaditoat afyst . In
vi ew of the_  above-nentioned subject, intensive extensive research and
investmjé(teitéwl\ﬁ@reerséearmngt@aetJ ehes ghesEital RFettwils. As a result, it
has been found that the object of the present invention can be achieved by
carrying out oligonerization reaction through nulti-stage reaction,

suppl yi %I' ? ages with an a -olefin as a starting

mat er i - reaction. Thus the present
i nvention has, been accojypli sh on the basis of the foyegoing findings and
|t or o+ BASC BRI &7 et T3P0 oS | T RHE 1 B HhOR e 18 THRELRS fior

pr Odu%ie%l%% a'a 'SLELQQS‘)%PO?‘EEd‘Q‘f‘cii%hg Caorm)rai S-g?e ﬁ%bj c?lcltgior}xqe?'nwahizch 18
capable of producing a high quality « -olefin oligomer minimized
in the content of impurities, in the case of subjecting an « -olefin
to oligomerization reaction by the use of a Ziegler based catalyst as
the origomerization catalyst. The present invention has been
made in the light of the foregoing subject.

That is to say, it 1s a general object of the present invention
to provide a process for producing an « -olefin oligomer which is
capable of producing a high quality « -olefin oligomer free from an
impurity by the use of a Ziegler based catalyst. In view of the
above-mentioned subject, 1intensive extensive research and
investigation were accumulated by the present inventors. As a
result, it has been found that the object of the present invention
can be achieved by carrying out oligomerization reaction through
multi-stage reaction, supplying each of a plurality of the stages
with an a -olefin as a starting material component, and controlling
the reaction. Thus the present invention has been accomplished on
the basis of the foregoing findings and information.

Specifically, the present invention provides a process for

producing an a -olefin oligomer which comprises subjecting an o



18 AUG 2005 -olefin to oligonerization reaction in an organic solvent in the
presence of a Ziegler based catalyst, wh-erein the foregoing

ol i gonerization reaction is carried out through nulti-48A§& 2008acti on, and
the a -olefin is supplied to each of the reaction stages. BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 is an exanple of schematic process flow di agram which
shows the production process for carrying out the present invention. THE
MOST PR F_ERREtrD ENMBODI MENT TO CARRY THE |INVENTION In the follow,.nng, nore
det ai I 84° Heksch9 pPHBAMGIIZ a0 VP IRoPhd ™ # Bs QA aTHfertalg g R Y rf“t\#eh resent

invention, an a -.olefin oligoner is obtained by .oligonerizing an a -olefin
0 LhE et e ol & A'6dSr biaadd carEr DGR Wi st bfs DY 4L 8

conbi nati on of (@) a transition. metal co oung, %’ﬁ) an orgag)g%l._um' num and
(0 a’l&HariF 2 dthorett 18 he Wsed 244 88si PEd. PHER R L taRe
transition. nmetal conpound (A)..the conmpound,represented. by the general

for rrulrﬁ:ac%l}&QyCQn(dlc t;%he"f ei%rllzai(/ﬁlslsa %W@gher%m%gt Sr?‘icglr af ¢ %n’l%%r?gltoor}n X is
a hal Qgen atom (chlorine atom brom ne atomor iodine aton), Y is RO,

RON-, SY28EER -0S0O 3 R R, -Cp (cyclopentadienyl), wherein Ris a straight
chain or branched chain al kyl group having 1 to 20 carbon atons, or 13

di ketonato represented by the general fornula: 3 18 AUG 2005

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an example of schematic process flow diagram which
shows the production process for carrying out the present

invention.

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE

INVENTION

In the following, more detailed description will be given of the
present invention.

In the present invention, an « -olefin oligomer is obtained by
oligomerizing an a -olefin in the presence of a Ziegler based
catalyst, which consists of the combination of (A) a transition
metal compound, (B) an organoaluminum and (C) a tertiary
component to be used as desired. There is used as the transition
metal compound (A), the compound represented by the general
formula:

MXxYyOz (1)
wherein M is a zirconium atom or a titanium atom, X is a halogen
atom (chlorine atom, bromine atom or iodine atom), Y is RO-, R,N-,
-OCOR, -0SO , R, R-, -Cp (cyclopentadienyl), wherein R is a
straight chain or branched chain alkyl group having 1 to 20 carbon

atoms, or B diketonato represented by the general formula:



0O- CCR2I1l) ~p=C~ wherein R1, R2 and R 3 are each independently a

hydr ogen atom an al kyl group having 1 to 20 carbon atons or an al kyl group
which 1is substituted with a hal ogen atom and whi ch had8AU®2®3 car bon

atoms with the proviso that one of R1, R 2 and R 3 is an al kyl group which
is substituted wth a hal ogen atom and which has 1 to 20 carbon atoms, X, Yy
and z are each an integer from0O to 4 with the proviso that x+ y+ z= 4. The
above-nenti oned conpound is specifically exenplified by 2ZrCl41 ZrBr4, Zrl4,
ZrBrd 3, ZrBr2Cl2, TiCl4, TiBr4, Til 4, TiBrCl3, TiBr 2 C1 2, Zr(CC 2 H5
) 4, Zr(OC2 H5) 2 C1L 2, Zr;On-CSH7)4, Zr (O-n- C3H7) 2C121
Zr(Oiso-C3H7)41 Zr (O iso-C 3RfF)2C12, Zr (O n-C 4H9) 4, Zr(0-n-C4H9) 2C12,

Zr (O i so- CAH9) 4, Zr(Oisg/C4H9) 2Cl2, Zr(Otert-C4H9 ) 4,
Zr(Otert- C4 H ) 2 d Zr((CHB)2N)4 Zr((C2H5) 2- N4, Zr((n-C3H7 ) 2N)

4, Zr((iso-C3 N4, 3 z tert-CAH9) 2N) 4, Zr (OSO3CH3) 4,
Zr(OSO 32 4 Zr(osoécs c f)41 Zr Cp2C121 Zr Cp2d Br,

Ti (OC2H5) 4, ﬁ\% i (O n- C3H7)4 Ti (O n- C3H7) 2C12, Ti (O-i so- C3
H7)4, Ti(Oiso- , Tl(On C4H9) 4, Ti (O-n-C 4H9)2C12,

Ti (O i so- C4H9) 4, TI(O—ISO CAH®) 2C12, Ti(O-tert-C 4H9) 4, Ti (O tert- CAHO)
2C12, Ti((CH3) 2N)4, Ti((C2HR 2- N4, Ti((n-C3H7) 2N 4, Ti((iso-C 3
H7) 2N 4 ,Ti((n-C4 H9) 2= N) 4, 4 18 AUG 2005 Ti ((tert-C4H9) 2N) 4,
Tg(ososcHs)4, Ti (0OS03C2H5) 4, Ti (OSO3C3H 7)4, Ti (0S03C4H9) 4, Ti Cp2di 2,

Ti Cp2C1Pr, zr(mr@)g,nd%rgococz%) 2C1 Zr(%HZ)ﬁlyd %ococsm 2C121

Zr ( erein are each indépend en ato
an alkyl group having 1 to 20 carbon atoms or an alkyl group which
is substituted with a halogen atom and which has 1 to 20 carbon
atoms with the proviso that one of Rl, R% and R3 is an alkyl
group which is substituted with a halogen atom and which has 1 to
20 carbon atoms, x, y and z are each an integer from 0 to 4 with the
proviso that x+y+ z= 4.

The above-mentioned compound is specifically exemplified by
z«Cl,, ZrBr,, 2r1,, ZrBrCl,, ZrBr,Cl,, TiCl,, TiBr,, Til
., TiBrCl;, TiBr,Cl,, Zr(OC,H,),, Zr(OC,H,),Cl,,

Zr(O-n-C,H,),, Zr(O-n-C,H,),Cl,, Zr(0O-iso-C,H,),, Zr{(O-iso-C

,H,),Cl,, Zr(O-n-C,H,),, Zr(O-n-C,H,),Cl,, Zr(O-iso-C,H,),,

Zr(0O-iso-C,H,),Cl,, Zr(O-tert-C,H,),, Zr(O-tert-C,H,),Cl,

Zr((CH,),N),, Zr((C,H4),- N),, Zr((n-C,H,),N),, Zr((iso-C,H,),

N),, Zr(n-C,H,),N),, Zr((tert-C,H,),N),, Zr(OSO,CH,),, Zr(0SO

,C,H,),, Zr(OSO,C,H,),, Zr(0SO,C,H,),, ZrCp,Cl,, ZrCp,ClBr,

Ti(0C,H,),, Ti(OC,H,),Cl,, Ti(0O-n-C,H,),, Ti(0-n-C H,),Cl,,

Ti(0O-iso-C,H,),, Ti(O-iso-C,H,),Cl,, Ti(O-n-C,H,),, Ti(0O-n-C

.H,),Cl,, Ti(O-iso-C,H,),, Ti(O-iso-C,H,) ,Cl,, Ti(O-tert-C

,H,) ,, Ti(O-tert-C,H,) ,Cl,, Ti((CH3) ,N),, Ti(C,H,) ,- N),,

Ti((n-C ,H,),N),, Ti((iso-C,H,),N), ,Ti((n-C,H,),- N) ,,



3 H7) 4, Zr(OCOC3H7) 2Cl2, Zr(OCOCAH9) 4, Zr (OCOCAH9)2C12, Ti (OCOC2Hb) 4,
Ti (OCOC2H5) 2C12, Ti (OCOC3H7)4, Ti (OCOC3H 7)2C12, Ti (OCOC3HY) 4,

Ti (OCOC3H7) 2C12, Ti (OCOC4AH9)4, Ti(OCOC 4 H9 2 d 2 ZILAUL 1888CCFCOF) 2 and
ZrCl 2 (CH 3 COCFCOCH3)2 The organoal uminum (B) is exenplified by the
conpound represented by the general formula: AlYa Xo Cc Nd (I1l) wherein X
is a halogen atom (chlorine atom bromne atomor iodine aton), Yis RO,

R2 N, -OCOR or_R:, erein Ris a straight chain _or branched chain al kyl
groupl h¥erg ¢ 15420 a«,b%?‘aﬁ 10%,351431’191810 S© adnelHos hr eTéggﬁ @n G ntleger
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COCFCOCH,),.
The organoaluminum (B) is exemplified by the compound
represented by the general formula:
AlYa Xb Oc Nd (m)
wherein X is a halogen atom (chlorine atom, bromine atom or iodine
atom), Y is RO-, R,N-, -OCOR, or R-, wherein R is a straight chain
or branched chain alkyl group having 1 to 20 carbon atoms, and a, b,

¢ and d are each an integer from 0 to 3 with the proviso thata + b

+ ¢ + d = 3, or by the compound represented by the general
formula:
Al, Ya - Xb-Oc Nd- (IvV)

wherein X is a halogen atom (chlorine atom, bromine atom or iodine
atom), Y is RO-, R,N-, -OCOR, -RCOCR'COR" or R-, wherein R,
R'and R” are each a straight chain or branched chain alkyl group
having 1 to 20 carbon atoms, and a', b', ¢' and d' are each an
integer from 0 to 6 with the proviso thata' + b' + ¢ + d'= 6.
Examples of the compound represented by the general formula
(Il) include A1(CH,),, AI(C,H,),, AI(C,H,),, Al(iso-caﬂ;)a, Al(C
JHg),, Al(iso-C,H,),, AI(C;H, ),;, AI(C,H,,),, AI(C,H,,),, Al(C
,H.),Cl, AI(C,H,),Br, AI(C,Hs),I, AI(C,Hs)Cl,, Al(C,Hs)Br,,
Al(C,Hs)I,, A1C,Hs(0OC,Hs),, AIC,Hs(0OC,H,) ,, AIC,Hs(0OC,H,),,



AlL(CC3 H, )OO 2, AA(CC4 H9 d 2, AIC2 H5(0CCCC 2 HO2 , AlLC 2

H5( OCOC3H7) 2, Al C, H5( OCOC4H9) 2, Al (OCOC2H5) 2C, Al (OCOC3 HI)2C1,

Al (OCOC4AH9) 2C1, Al (0OCOC2H5) C12, Al (OCOC3H7) Cl2 Al ( OCOs! WeGAaes

Al(C2H5) 20C2H5, Al1(C2H5) 20C3H' Al (C2H5)2 OC4AH9, Al(C2H5) 2N( C2Hb) 2,

AL(C2H5) 2N(C3H, )2 and A1(C2H5)2 N(C4H9) 2. Exanples of the conpound
represented by the general fornmula (I1V) include Al 2(CH3)3C13, A12(CH3)3Br3
, Al2°C2H5)3 Cl131 Al12(C2 H5)3Br3, Al2 (C2H5)313, Al2(C2H5) 2BrCl2, Al12(C3H
1) 3C1A LG (.i o) ¢IHr )BAIBC ,AH2()c419d) 381130 A, Hiso, CAHOAZEDT, , AlsXCI¢.5 H 1
1)3113, Al12(C5H1,)3C1L3 A 2(C2H02 (CH3 CI 3 A 2
(O C ABYBC13H A1S(IaC3HAL 8013, ALY 0CEIHo) 3¢E3; HaR 53GL3, AlC,

Al 2( OCOC3H, ) 3C13 andAl12( OCOC, HQ& Cl3. As the terti ar\éhéo onent (C) which is
used dEsdREIQEdHther Al¢s Hsdht® Gt H ehst O €Opotird .<el.eélé® ¢ Pém sul fur
conpounds, hosphorus conpounds and nitrogen conpounds. The tertiar
conporiént 2cgg,t rAB({@ €D €a BnhankilngAt He Gk iﬁsgfﬂa - é’*le(fQﬁCb@ingrve)rCf/as t he
obj ective product. The sul{ur cqQnmpound needs on[é]%/ to be an organosul fur
conpound O Orfout shedii ¢ 11¢ aiftdti @R, Bad 45 s Efsdrndbfy Hexeﬁral(pfziléd) by
dinetQ%l sul fide, diethyl sulfide, diPro%%I sul fide, dihexyl zulfide,

di cycl@Rex¥h st f Cadlst hNE& nHps 2 s b h(Gs Hi)p¥AGIs Hy Risoctm@r Al§Cal iyl .

di sul fide conpounds such _as djnethyl disulfide, diethyl_ disulfide, dipropyl
di sul Y ﬁﬂjggutylEéiaslﬁlpflPae‘?fﬁhﬁe%’/mqu‘i‘gdl’f?Elé?SﬁP&?éI BHelye g RBEFRIde and

i ety o LT 5e, L pengs e e {0 e 2 U ophene

benzotdy ophele @d ASHeRAYChlC R8T SPPRYNYR SHSP 38,8118 AYSE%
.),Cl,, Al,(iso-C,H,),Cl,, Al,(C,H,),Cl,, Al,(iso-C,H,),Cl,,
Al,(CsH,,),Cl,, Al,(CyH,,), Cl,, Al,(C, Hs) ,(CH,)Cl,, Al,(OC
,Hs),Cl,, Al,(OC,H,),Cl,, A1,(O C,H,;),Cl,, A1,(OCOC,Hs),Cl,,
Al,(OCOC,H,),Cl, and A1,(OCOC, H,) , Cl,.

As the tertiary component (C) which is used as desired, there
is usable at least one compound selected from sulfur compounds,
phosphorus compounds and nitrogen compounds. The tertiary
component contributes to enhancing the purity of o« -olefin oligomer
as the objective product.

The sulfur compound needs only to be an organosulfur
compound without specific limitation, and 1s preferably
exemplified by dimethyl sulfide, diethyl sulfide, dipropyl sulfide,
dihexyl sulfide, dicyclohexyl sulfide, thioethers such as diphenyl
thioether: dialkyl disulfide compounds such as dimethyl disulfide,
diethyl disulfide, dipropyl disulfide, dibutyl disulfide, dihexyl
disulfide, dicyclohexyl disulfide and ethylmethyl disulfide:
thiophenes such as thiophene, 2-methyl- thiophene,
3-methylthiophene, 2,3-dimethylthiophene, 2-ethyl- thiophene and

benzothiophene and heterocyclic sulfur compounds such as



t et r ahydr ot hi ophene and thi opyrane: aromatic sul fur conpounds such as

di phenyl sul fide, diphenyl disulfide, nethylphenyl disulfide, nethyl phenyl
sul fide: thioureas: and sulfides such as nethyl sulfitBAUG2PS sul fide and
butyl sulfide. The phosphorus conpound needs only to be an organophosphorus
conmpound wi thout specific limtation, and is preferably exenplified by
phosphi nes such as tri phenyl phosphi ne, triethyl phosphi ne,

tri butyl phosphine, trjpropyl phosphine, trioctyl phosphine and

tri cydiedhaby prospii mBe nehad i ¢ Fgg‘éﬁyééﬁﬁouﬁdoﬁé%H’sC ot Murg qeemggunds

or ganoni trogen pnpound w thqout specific |fmtation, and is preferably
exenplS4§d By o&b%nﬁﬁélrﬁqneé "ggb‘ii]e as dr‘r‘é’t}h‘i/‘il&lﬂ n‘iel,S‘b]thQFan‘i Wé*,thyp]rpc}b‘i/?ﬁhi ne,
butyl am ne, .pentyl am ne, hexyl ani.ne, . cl ohexyl am, ne, qctyl am ne ,
decy! b F 4R | mqf’et%bgm&gﬂmg 'ﬁélelﬂisph%luéﬁ?ﬁe,a‘Hii ﬁé&lﬁﬁém fuch 'as
di et hyl anmj ne, dj hutyl ani ne, i phen m ne, hyl phenyl ami ne,
tri net‘ﬂ;?lrglgﬁh?rfe‘}ig Pi’e*i@}/}']aﬁiur]lgl,&)?ﬁ%‘aﬁwwﬁ ﬁgﬁ’t‘i‘? phenyl ami ne, pyridi ne and
picoline. T ﬁre argﬁg&g&erably usable in the gresent invention, the sulfur
compounds, Jf: §sphB pbeindsC HARE M R fogehe BBpoufBlY eath ad$rentd®ned
above, of which i articul arl %refe ably usabl.e. one or two or re
compolficks Bep Bdsad bt 89 Fot iR o &LF K7 BE, SBERH ihenidnitaiPdyr agd is
tri phenyl phosphi ne, tributyl, phosphine trioctyl phosphi ne and anjline. The
ol | horehd ZAA Y PesabPObIEH &5 BREMAIIRED ol 15 (EhE N eidddit ST AYBRL on 1 s
put into actice ysually in_an o nj c sol.vent. ampl es of, the, organic
ol vertt 1P BBF [BE SR eI e batb paIERTPAsPRIER as oyl OROPIE e LRSI i n,
arOma‘ttlrcl:onyg{f))ﬁ%‘rs%%qsnesg%hd %igyclohexylphosphine.

The nitrogen compound needs only to be an organonitrogen

compound without specific limitation, and is preferably

exemplified by organoamines such as methylamine, ethylamine,

propylamine, butylamine, pentylamine, hexylamine,
cyclohexylamine, octylamine , decylamine, aniline, benzylamine,
naphthylamine, dimethylamine, diethylamine, dibutylamine,
diphenylamine, methylphenylamine, trimethylamine,
triethylamine, tributylamine, triphenylamine, pyridine and
picoline.

There are preferably usable in the present invention, the
sulfur compounds, phosphorus compounds and nitrogen compounds
each as mentioned above, of whi.ch is particularly preferably usable
one or two or more compounds selected from dimethyl disulfide,
thiophenes, thiourea, triphenylphosphine, tributyl phosphine,
trioctylphosphine and aniline.

The oligomerization reaction of a -olefin according to the
present invention is put into practice usually in an organic solvent.
Examples of the organic solvent include naphthene base paraffin

such as cyclohexane and decalin, aromatic hydrocarbons such as



18 AUG 2005 benzene, toluene, xylene, chlorobenzene, ethyl benzene,

di chl orobenzene and chl or ot ol uene, hal ogeni de thereof, aliphatic

hydr ocar bons such as pentane, hexane, heptane, octane, 184&E2005and decane,
hal oal kanes such as di chl oroet hane and di chl orobutane, and the |ike
solvents. Wth regard to the bl ending proportions of the foregoing
conmponents (A), (B) and (C) and the foregoing organic solvent in the
present invention, the anDunt f the co nent(A) is usually 0.01 to 5

mol , heFeRabl y bobsers. 1 entehe a%ﬂiﬂréhe%%%neconp&ﬁgﬁ begyz¢8eusual I y
0.05 to 15 nmmol, preferally 06 t and .the amount, of the conponent
(O idlg arpye@@moazg hﬁerotﬁf\é?éﬁmg’leginﬂéelé ofynaf iphadse of
usi ng .the above-nentiogned sul fur conpound, preferably 0.05 to 5 mmol in the
case &Y%%?Crfg”?%saﬁ&rc AU MERFBGEN Fxﬁﬁb%’pﬁber%"saEBnp%ﬁh%lneonnotnﬁe“%aas
of 250 of the organ c,solvent. In addition, preferable result
obtalﬁﬁH#e U@e%%PFPng ?H%atkéﬁﬁﬁng or rtl%%s 0 1%% §of Yol Ag céﬁﬁbnents

A) d 1to 15 t f Al /| Z Ti I t

%he gphﬁéﬁé g&ﬁ@dﬁgr%&éf?gﬁﬁdieaﬁogYegEg?|ﬁ in the Lrggen; (rﬁvggt{gnlﬁl
carried out ough muj t e.react.ion ste Speci f.i cal | :
abovia-rren'tji\gh%é l|’Jhglgta‘ir tt:“;l‘ge“?l alify 1!§‘tgep%r%$8rt’p9 felf’élblt?‘ coq?s‘tqﬁq}tn(ﬁj of at
| east two stage r n and are particu

br of eFAERODG e {dded bf AhD G chhde! gtﬁcg*ee%az:%.%gepéﬁsso ¥e Xl
oligo i zation reactl% con tltuted of %h§ aforesai d gx ti-sta e eaction
stepsqgbeFSFﬁG t SNPYRR TP Bt i FRSHT bR T Fhei SOMBYPER &bt tu bly

gg?rgog)fe'qt ,he%gn?ft I11i(1)§1 ;:;g?sfre\é\n@}bqy n(%a().’:} Lope tmmola ﬁl%r talnrl]gur;ﬁt eortj 6%lhe
component (B) is usually 0.05 to 15 mmol, preferably 0.06 to 3
mmol, and the amount of the component (C) is usually 0.05 to 20
mmol, preferably 0.1 to 10 mmol in the case of using the
above-mentioned sulfur compound, preferably 0.05 to 5 mmol in the
case of using the aforesaid nitrogen or phosphorus compound, on
the basis of 250 ml of the organic solvent.

In addition, more preferable result is obtainable by setting
the blending proportions of the foregoing components (A) and (B) to
1to 15 expressed in terms of Al / Zr or Ti (molar ratio).

The oligomerization reaction of an « -olefin in the present
invention is carried out through multi-stage reaction steps.
Specifically, the above-mentioned multi-stage reaction steps are
preferably constituted of at least two stage reactors arranged in
series, and are particularly preferably constituted of two or three
stage reaction steps.

In the oligomerization reaction constituted of the aforesaid
multi-stage reaction steps according to the present invention, it is

indispensable to supply each of the reaction steps with an a -olefin

as a starting material component, and it is preferable with respect



8 18 AUG 2005 to the working effect of the present invention to regulate the
reacting weight in each of the reaction steps so as to equalize the

reacti ng weight therein as nmuch as possible. In additi agAu¢200 al so
preferable to regulate the retention tinme or catal yst supply anount in each
of the reaction steps so as to attain such reacting weight in each of the
reaction steps. Supply of the above-stated catalyst and organic solvent to
t he second and subsequent steps is not always necessary, but can be
conductedtle mewcking p&fqpisse bl ehe oppasente inggatiiom condr¢gvhatandhehe

li ke into practice specifical Ify in the followi ng manner in each step of the
nul ti-B¢ageineareidht sitegech it haecta®e tilvay S teRe- §Page teg&Y Dk 28t EP8 are
adopted, for instance, a first stage reactor is_continuously, charged at
first vganting regéehéntBereént asca BFsesan@saibbeefi An awididiepablti Ag t he
reaction tenperature to be set on a tenperature at which the catalyst

exhi bi ¢ ks effhanad lgcttiovireg ulate phessatendontr bimeo ogecatahuntt eypBYY
regulating the a -olefin supply anbunt. Reaction |[|iquid thus obtained is

t aken ®BO ¢ Rbrigr eemh 2Adthe Trsbiputsders 80 3ecihd tdedges HeRctBRCLIWRE| e
separately_ supplyi ng the a -olefin to the second stage reactor. In this
case, YEpEhy bR ¢mehapbidisiraitiofassryst and Parlgamitctlel sBaverstahedsecond
stage reactor is not always_ necessary, but c%n be cor%duct ed properly and
opt i ond? tl3t amek@r eButicn§ oL Kentel thibEnS e £ AB dr adido SOFL SAEL BN F GrPEtS 28 ng
reacting ight in the first stage reactor to that in the second stage
react of ot %’Yewaws'}e%wma iubtrceflhéecﬂqrg@w?éi%%-u ng wei ght in the

(st Staog, eackon) (Lhe ol somer zLng resctind, ve! oy L1, (g Ssgepe
practice specifically in the following manner in each step of the
multi-stage reaction steps.

In the case where two-stage reaction steps are adopted, for
instance, a first stage reactor is continuously charged at first with
a reaction solvent, catalyst and a -olefin, while enabling the
reaction temperature to be set on a temperature at which the
catalyst exhibits effective activity, and pressure control to be
conducted by regulating the a -olefin supply amount. Reaction
liquid thus obtained is taken out therefrom, and is introduced in a
second stage reactor, while separately supplying the a -olefin to
the second stage reactor. In this case, supply of the above-stated
catalyst and organic solvent to the second stage reactor is not
always necessary, but can be conducted properly and optionally at
need. During the reaction, the ratio of the oligomerizing reacting
weight in the first stage reactor to that in the second stage reactor,
that is, the ratio of (the oligomerizing reacting weight in the first
stage reactor): (the oligomerizing reacting Weight in the second

stage reactor) is preferably in the range of 30 : 70 to 70 : 30.

When the above-mentioned ratio departs from such range,



When the above-nentioned ratio departs from such range, 9 18 AUG 2005
inpurities in the a -olefin oligonmer to be obtained often increase,
deteriorating the purity of the product. In, particul ad8iAUG RS present
invention, the foregoing ratio is nore preferably in the range of 40 : 60
to 60 : 40, particularly preferably 50 : 50, approximtely. Fromthe
simlar viewpoint, in the case of adopting three stage reaction steps, the
ratio of [(the ol gogeri zin reaclt_i ng vveit%h& in each qof the stages) / (the
ol i gorBRPHIHGLT &deY G %Pgﬁflw WRBIES ] 80°PEapRefeP ity WERH4F S he
range gf 20.to  40%, and t‘hg rati hthereo& in each of the steps.is

parti cUPEFFiP T fridier e yPAF 18y 94 3he gmradughy, o hngparfienfatpingtheont

i nvention, the. oli r.rerizta}téi?o reaction ip each of the reac ion.stggs of

the abBUBSfBAtIDKETEMIPL i ERE 2R $RALTEoR? 11 dfs RBACHRTELFFARdYodP §8Gal |y
at a tenperature in.t ran of. 00 to 150C under pressure of .30 to 90 k
/ cm ZrQEgEZ.C&l 4(@) 8%? tI\‘?Pg 0" Thé ’ea}i:?’ftolr‘f"’tcfiar‘f\l}yi r?’ged%f%hlyt héoréa cq’on °
steps, which. varies dependi ng on the tenmperatur.e and pressure and
accor d? REFYXE ARty -be JhEdDi vﬁfégl Isymﬂigltaerr gghpeﬁ,pql§’ttisdd1pl $%§ t6238 i nutes
er each of.the steps, nakin .total of to 60 m S, ,.approxi mately.
P hes ApBhike: o F Srel radslin Ryt tnbhe Calim SETLRR auEBRI IRES Y i 1
to be used as a st rhi.ng math:rial S an a -?I %Li n ..having. 2 to 4 ca%rbon
at one, TRF EF TR 516k hyoR@C iR the A& Br | (Eh5 PHSREI T e SHELIABE | s an
a -olefin oligomer, hawing, t nunber .of rbon,ato of 4 or ,
parti cﬁleégﬁyf ntghlqg.e\%p%ci ?:B((:) lgxgrrne) %’éagﬁ%rvé%?ﬁllﬁgﬁ}aerfpﬁ?t (r;fr)?f;,%ol-tﬁexene,
1-oct CR§ 1- g%%lﬁqeffe xlétdl%def‘:%ee ee’ofl_igxetera dnecoeppt’h el_&eg(pagef:serbeaxaﬂ%ularly
1- oct adecene. e

preferably 33.3 : 33.3 : 33.3, approximately.

In the present invention, the oligomerization reaction in each
of the reaction steps of the above-mentioned multi-stage reaction
steps can be carried out usually at a temperature in the range of

2 . g (2.94 to 8.82

100 to 150°C under pressure of 30 to 90 kg / ¢cm
MPa). The reaction time in each of the reaction steps, which
varies depending wupon the temperature and pressure and
accordingly can not 'be unequivocally determined, is usually 5 to 40
minutes per each of the steps, making a total of 10 to 60 minutes,
approximately.

In the production process according to the present invention,
the o -olefin to be used as a starting material is an « -olefin
having 2 to 4 carbon atoms, preferably ethylene, and the « -olefin
oligomer to be obtained is an a -olefin oligomer having the number
of carbon atoms of 4 or more, particularly 4 to 18. Specific
examples thereof include 1l-butene, 1-hexene, l-octene, l-decene,
1-dodecene, l-tetradecene, l-hexadecene and i-octadecene. The

@ -olefin oligomer is formed as a mixture thereof.

In the process according to the present invention, the liquid
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a -olefin oligoner is fornmed as a m xture thereof. In the process according
to the present invention, the liquid 10 18 AUG 2005 reaction product
obt ai ned by the oligonerization reaction of an a -oleﬁsﬁlﬂizﬁﬁbjected to
subsequent recovery of unreacted a -olefin, deactivation of the catalyst
and deashing treatnment. In this case, it is preferable to maintain the
tenperature of the liquid reaction product after the conpletion of the

ol i goneri zation reaction at, 90C or higher. The tenperature thereof is not

speci fiAF 1PN PRAGHC t ARAA IR thhatt e Oligogper bra Higghdre 2 afdeni 8fiant Be range
of usually. 90 to 150C , preferably 100 to 130C . _.The tenperature thereof,
when BIEAGR Ui 84DdRA5EY E?g%‘}oﬁéqéﬁf“afvéf*%l"&}”ys?ﬂd’e“f?36‘f n %r P HYE ™ about
deteriopration of praduyct puyrity. Th noupt of by-produced. po]yner, which
var i esTERPERH HE T ARG E 6@ bAEEi BRACIRAF PP BAS TS AL REE taned i YRERLaSBut i
usually 300 to 5 m The by- prpduced pol yner i issolved in the liquid
et 1Bt RIS AN T HE BTt O o S HERIGTe 128 oo el 185G dof & 2R PGHRr -

t hereby enabling to proceed wth st e running. irrespective of the,type of
Lhe. orbEn Boba et t K6 GERgLEa 1 Brok hoe OhPaBALiPoktf BT & skiooAt SOC

Subsequert| iR cotelyRt otz SuPLect o fenctivet Lo et bl
ERNCHFRETEE N e YA T S R R
cor ol 5 AR g T B L O RTROU N RR Ot e
prOpylbacmnng’ ut?ll‘{"teyalsaorgg'glyp%qtg)ﬁl,aqisn%n&ex?%/lléamae’since it often brings
about deterioration of product purity.
The amount of by-produced polymer, which varies depending
upon the reaction conditions, is not unequivocal, but is usually 300
to 500 ppm. The by-produced polymer is dissolved in the liquid
reaction product when the temperature thereof is kept at 90°C or
higher, thereby enabling to proceed with stable running
irrespective of the type of the organic solvent to be used for the
oligomerization reaction.
Subsequently the catalyst 1is subjected to deactivation
treatment by introducing a deactivating agent at a pressure of the

2 G(0.39 MPa), approximately.

treatment system of 4 kg / cm
Examples of the deactivating agent to be used therein include basic
nitrogen compounds, water, alcohols, carboxylic acids and phenols.
The basic nitrogen compounds among them are exemplified by
ammonia and amines such as methylamine, ethylamine,
propylamine, butylamine, pentylamine, hexylamine,
cyclohexylamine, octylamine, decylamine, aniline, benzylamine,

naphthylamine, dimethylamine, diethylamine, dibutylamine,

diphenylamine, methylphenylamine, trimethylamine,

11



cycl ohexyl am ne, octyl am ne, decyl am ne, aniline, benzyl am ne,

napht hyl am ne, di nethyl am ne, diethylam ne, dibutylam ne, diphenylam ne,

met hyl phenyl am ne, trinethylam ne, 11 18 AUG 2005 tri el$ipAULH2008,

tributylainine, triphenylam ne, pyridine and picoline. In the present

i nvention, the above-nentioned deactivation treatnent is followed by

deashing treatnent and further recovery of the organic solvent and

unr eact ed g -1oI efin by dist] Iiat i.on. '{he hecovered or gani c .sal vent agd

unr eact’d8 tAYIBFLET & ar B AW 13 BADE ed LAEP AERT PP OBGh t RE 1319 §6merd B4t i on

reaction stem The objective a -olefin oligonmers in the present invention

are otﬁléioﬁgaeas desirabl e mixed products of various a -olefin oligomers by

means of distil)ation. The.m'xedt. roducts can be o?tain d, n |large.anounts
ﬁg gﬁ?rﬁ ! gatd g

as a -ol ef i ' ot R goREF 8¢ BdcAPKER A d P& SndhBBFL VP € EaPEA tAY 8raC By
I d opti I L ect, t.h ti diti In th
ol | oVt (RBAS HodB Driech 19 B U1 it cor "R RRT Brdr A Bh eSnbbur HERY s of
th t i ti. it h f t th ttached d i SFG 1
exanpld o SCRERAIILE BPOYEDS 37 Du dstoifincer OthoMs PRe Hrodbdtigs:
proceslshfor carr ie g Qu t he present igv%r}ltljeoapctb% usi ng%gfe%ct ors congosed
a

t
of two s?aé%coygactié)r{gsat%bcs.s ﬁ’etlhte aprrlocess as i1tustratedt i H 29,

o . . . T1ust THE
S SRR o b A2 SO SEdEW LR 1T AGL0Da6AS Bl aLe iR EPSLLAD SOl vent

and an -ol'efin as"a sta rocee i'gomeri zation

eaction PR AL LCPEAD PLEFHEE AT i BrerbGed,ADpigiuand

- ol efiﬁeangbgaimaﬁfia% Oh.legw@f)?eiﬁlixed products of various a -olefin
oligomers by means of distillation. The mixed products can be
obtained in large amounts as « -olefin oligomers each having
desirable number of carbon atoms by properly and optionally
selecting the reaction conditions.

In the following, some description will be given of the
preferred embodiments of the present invention with reference to
the attached drawings. FIG. 1 is an example of schematic process
flow diagram which shows the production process for carrying out
the present invention by using reactors composed of two stage
reaction steps. In the process as illustrated in FIG. 1, a first
reactor 1 is charged with a reaction catalyst, a reaction solvent
and an o -olefin as a starting material to proceed with
oligomerization reaction. Thus the liquid reaction product which
is produced therein and composed of the reaction catalyst, the
reaction solvent, unreacted o« -olefin and a -olefin oligomers is
introduced to a second reactor 1', which 1s further supplied with
the « -olefin as the starting material to proceed with

oligomerization reaction. Likewise, the liquid reaction product

which is produced in the second reactor 1' and composed of the
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introduced to a second reactor 1', which is further supplied with the a
-olefin as the starting material to proceed with oligonerization reaction.
Li kewi se, the liquid reaction product which is producasAUG 2608 second
reactor 1' and conposed of the 12 18 AUG 2005 reaction catal yst, the
reaction solvent, unreacted a -olefin and a -olefin oligoners is supplied
to a first stage flash tank 3 via a control valve 2, and further to a
second stage flash tank 6 via a _control valve 5. The |iquid product after
the fiystcipagsatpaEpindhe per6tien SUNRTL -t BorKE cd8omy LG A& h o ank,
is heated in a heat exchanger 4 to be kgpt at a pr%ﬁcr'bed tenperature or

hi gher Oledint abgo megsh 1t apREPlipd GAr dadted &tagi%erlilashhitamk 3 dYs&ofved in

the liquid reaction product is recovered. Thereafter the |iqui reaction
pr oduct®? & Seialyve é’»déégit i(%%ttg‘rer&tomﬁe%c?ﬂ ééﬁ&?y&aﬁk t Ecgi Vated with

a deactivating agent 13, - Thus a slight ampunt of _light a -qlefin oligoner
acconf i) VBdVeetovef 88 HABIEmMEPFUct Adtgtet g figs Spto"tgel(f&a‘é 4%es sent

to the deactivator 8, and then to, a deaiger 9, agd,af er cleaning with

cl eaniMi Mat8rs 4BP LY ot & thee 5&cam hg teftk Thgs hhan & st Readedof B4 rh &R f goner

is separated into oil gggse and wat er ﬁﬂgie, and the water, phase isI

di scarddetP £B8erhd Butts de Rf 2Phd RESRTS eRPEAPAE TGaRT P 1B BT 1617 The

il [ t i | vi tank 1 ' it t, . h

17 andBe Furth 18, £ 8Ragl f HEAT 68t BT cernenal Y TS bf v XU ol nehe 1 o t he
il g d thereaft j nt to th I stilkati t .th

ol ver S4d e AL e Fe T adetared | n LHerAE ho e (T RI Do

,?I)f g?grcfaf‘?gcgtiﬁ%\g/%r};?a(ﬂ?c tOfi st an tpEgsaen&eiacr:]ylevna;[ti,oorn’&i E)vliesre qlee pcoastsailtgfls% EQer eby

deactivated with a deactivating agent 13.- Thus a slight amount of
light o -olefin oligomer accompanying the recovered « -olefin is
recovered in a pot 10, and is sent to the deactivator 8, and then to
a deasher 9, and after cleaning with cleaning water 14, to a
separating tank 15. Therein the « -olefin oligomer is separated
into oil phase and water phase, and the water phase is discarded to
the outside of the reaction e system as waste water 16. The oil
phase is sent to a dissolving tank 19 equipped with a heat
exchanger 17 and a pump 18, is again heated to completely dissolve
the polymer in the o0il phase, and thereafter is sent to the
distillation system, where the solvent and the a« -olefin are
fractionated.

In summarizing the working effect and advantage of the
present invention, it is made possible thereby to produce highly
pure a -olefin oligomer free from an impurity in the production of
a -olefin oligomer by the used of a Ziegler based catalyst.

In what follows, the present invention will be described in
more detail with reference to working examples, which however

shall never limit the present invention thereto.
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pure a -olefin oligoner free froman inpurity in the production of a
-olefin oligonmer by the used of a Ziegler based catalyst. In what follows,
the present invention will be described in nore detai I8 MUG200&f er ence to
wor ki ng exanpl es, which however shall never limt the present invention
thereto. 13 18 AUG 2005 Exanple 1 [ Preparation of catalyst] In a 500
milliliter (m) flask equipped with a stirrer were introduced in an
at nrosphere of argon, 25 mml of zirconium tetrachloride anhydride (ZrCl4)
and 250 nmL of dry cyclohexane wth stirring for 10 m nutes at room
t enperat ure. Tolthe m xture thus prepared were added triethylal um num
[(C2Fé§§%§?xg%d—fhen et hyl al uni num sesquichloride [(C2 H5) 3 Al 2 O 3
t he Ets of th triethylalum numand et hyl al um num

, Whergi
]sesquﬁcr:ﬁ:'fSPua&é‘td\@Pe 86&”‘5?8& to (C2H5) 3A 2Cl3 / (c 2 H 5 )
bei 3.5 CZIIQ'S Cl 3pL Gl b
(re}:)lngr ratl( Z"’T{? g%]l ngeél gm,[ e)corr%onélrﬁ?pet{@' resu " V¥§Ilre<r-:]-
| to

heat ed at 7OC f 2 hours i t nosphe of ar.go er_ st n form
a conﬁpgf°g6“¥%athqu|daéé a §h%r%0 &P £F%on §5 %nggneﬁlza |8qué%ction]

a i gorgr| %%%'18? Sa%%'hr?g?}(‘fcf CP@EbQ%“Sﬁ(ﬁ’% CaL Lo%tf Ry & c%%'e@(gaﬂf
seri es, S e mXIng“’ank type reactors (. er nal ume of
500 C%ete}?@)m } %:1}% Orb hSAGL e ol Fb & E{}ﬁ@eﬂ%ﬁé“tﬁt@%@ﬁi}ﬁaﬁ% and

supplylng the sec age reactor mnt eaction |

above- t@lrl.iaé)%rr%q)éxlé:]&"\geggt 2h¥sl %?e%gg?glmntlrﬂum [(C,H,),Al]l and then

ethylaluminum sesquichloride [(C,H ) ; Al, Cl,], wherein the

3 Al
g 7

amounts of -~ the triethylaluminum and ethylaluminum
sesquichloride were regulated to (C,H,),Al,Cl, / (C,H,),Al
being 3.5 ( molar ratio) and [(C,H,),Al,Cl, + (C,H,),All/ ZrCl,
being 7 (molar ratio). After adding all the components, the
resultant mix‘ture was heated at 70°C for 2 hours in an atmosphere
of argon under stirring to form a complex so that liquid catalyst
was prepared.

[ Oligomerization reaction]

Oligomerization reaction was continuously carried out by
arranging in series, two sets of complete mixing tank type reactors
(internal volume of 500 cc each), taking out reaction liquid from
the first stage reactor, and supplying the second stage reactor with
the reaction liquid.

The above-prepared liquid <catalyst was mixed with
cyclohexane which had been dried in an atmosphere of argon so
that the concentration of the zirconium tetrachloride was adjusted
to 0.08 mmol /1 mmol of cyclohexane. Further, thiophene was
added to the mixture in an amount of three times molar ratio to the

zirconium tetrachloride to prepare a catalytic solution.
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cycl ohexane which had been dried in an atnosphere of argon so that the
concentration of the zirconiumtetrachloride was adjusted to 0.08 mmol /1

i nnol of cycl ohexane. Further, thiophene was added tol8AVGR2805ure in an
anount of three times nolar ratio to the =zirconiumtetrachloride to prepare
a catalytic solution. 14 18 AUG 2005 Subsequently a definite anount (700
cc/hour) of the catalytic solution was fed in the first stage reactor. The

i | zat | tion. i ed t aki t tion Iiquid f
Che 15 REESeuEn DEat AP T DAT o SFEQRRAL IO e 11HRT 8 PEVERet 6 % ot ant
| inthe first stag tor, | yi th ond_ st t
i th tHe He8e Ao Tefhi B ulter Dité PAAEET CRAF: Ebndi fibnd LR HEFAGPAGI ST
tion t t f. 120C ti f 65 kg /cm2 G ( 6.4 M
), StITFHHGOR: R8P eGOr Gt Bndl bseed *dr "Hod U g 2 GHid Fodh b dodSOBpHhy of

hi ghl y,. t hyl : t i ntain.the. ty 65 kg /
em'2 O G e s ot e el TLoBRE L EHR VA ik 200 cc

in the first. stage.react d 25 in th d . Th
rcact 1o €1 b (TR HREFOhCE F Aoy CBARR: it ne BBV W RES0E A7 1t es i n

the first stage. r,eactor and, abouj. 21 n in the second,stage..reactor.
The rerzfcat(l;toonr g%ht I tﬁbensr%%gt]t%% frleqsuull%nurggrl?c%?f}eé ir’l\?ef(f/naglgi %/%%gilﬁmr%f)l e 1.

[ DeaCtiinchtuidiolglLé rag)%g & 'E'} r?f t ecrggf%l ryastttl r e{”&? P@@ﬁfel Vaetai ctor.q orhr ?%g I;r? rl]ltr eO]:) f c@4 al yst

was carrie conti nuously suppl yi ng eactivat ank with the

| 1qui g, reaeti on preaucy M@ ch h?f?'n@‘?ﬁ%g%‘i?t 2 {‘ggol&‘t&{‘&%g% Veeélg'j;é‘% fed

ol i gonetrization reaction a_deac Ivati agent consi st by wei ght
of aql‘l’eiooxlds, QHHDQ'o%tW%oW@L\EQIQto?%&l{lw%qfreTeht%ylene gas so as to

2 G in each of the

maintain the reaction pressure at 65 kg / ¢cm
reactors. The liquid level was equivalent to 200 cc in the first
stage reactor and 250 cc in the second stage reactor. The reaction
time (retention time) based on the solvent was about 17 minutes in
the first stage reactor and about 21 minutes in the second stage
reactor. The reaction conditions and the results are collectively
given in Table 1.

[Deactivation trgatment of catalystl]

The deactivation treatment - of catalyst was carried out by
continuously supplying the deactivating tank with the liquid
reaction product which had been obtained in the above-mentioned
oligomerization reaction. A deactivating agent consisting of 10%
by weight of aqueous ammonia was supplied at 28 g / hour. The

2 . G (0.39

deactivating tank was operated at 100°C at 4 kg / cm
MPa) under stirring at a revolutional speed of 700 rpm. The
liquid product after the deactivation treatment was filtered to
filter off wax component by using filter paper. The resultant

filtrate was washed twice with deionized water in an amount two

times that of the filtrate, and then was dried with potassium
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deactivating tank was operated at 100C at 4 kg / cm2 G (0.39 MPa) under
stirring at a revolutional speed of 700 rpm The |liquid product after the
deactivation treatnment was filtered to filter off wax18a%so205t by using
filter paper. The resultant filtrate was washed twi ce with deionized water
in an anmount two tinmes that of the filtrate, and then was dried with
potassium 15 18 AUG 2005 carbonate anhydride The colorless t ranspar ent

I d t duct,th bt d d h h
0 L EALED, RIS O IS0 AR SV oA oy
bj ect duct dij st t f b I I
SRR R ?oﬁ'ati” e, oyl n%fgaraphy
f 0 d d t.h t . Th

91, SRR By RPN AR ALy pb SISO bR

st age yieach gl 35 Ioedsfctthe fﬁ@cgjr%fa Atqua%a% ft%'necvtv d ffromdth irs
st age react ot s anal'yzed as ‘chf omat ograp yin e Sane nmanner as

above 4.9 J9ESIThNEy DR ATBURL 0T, Lo roheli N SLISPRRE R b3 LoriRel, cThe

reactlon ratlo n each®of the reactors IS ca reacti ng wel

In eacélasreﬁtﬁufﬁo%f;&aﬁag ?é‘? Ego""%'ngd‘tmo’}et IB%saeId d’I‘J ?héeéfjatl %23?’51100

(nol ar® percen urity is the ction

1- Othg%%eneT%&t§Q%UQqu§I %g $rogHofaBguthe total production anmount of C

18 conponents he procedure in Exanple 1 was repeated to

carry out ting,flei-9p{reS, %8”dﬁg§f&H%% F83ﬂ§a$PﬁI thgid i Ayhdeh evgl s the

first Stage reactor an also t IQUId evel 1 n the secon Stage react or
stage reactor, a sample of the reaction liquid was collected from

the first stage reactor, and was analyzed by gas chromatography in
the same manner as above to determine the amount of the « -olefin
oligomer thus formed.

The reaction ratio in each of the reactors is calculated by
[(reacting weight in each reactor / (total reacting weight in the all
the reactors)) X 100 (molar percent). In Table 1, C 18 purity is
the production ratio of 1-octadecene as the objective product to the
total production amount of C 18 components.

Examples 2 & 3

The procedure in Example 1 was repeated to carry out the
oligomerization reaction except that the liquid level in the first
stage reactor and also the liquid level in the second stage reactor
were altered to the levels as given in Table 1. The reaction

conditions and performance results are given in Table 1.

Example 4

The procedure in Example 3 was repeated to carry out the
oligomerization reaction except that the feed lines of the catalyst

and solvent leading to the first stage reactor were branched, and
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were altered to the levels as given in Table 1. The reaction conditions and
performance results are given in Table 1. Exanple 4 The procedure in Exanple
3 was repeated to carry out the oligonerization reacti®AUE&OPt that the
feed lines of the catalyst and solvent leading to the first stage reactor
were branched, and 16 18 AUG 2005 the catal yst and solvent in part were
directly supplied to the second stage reactor through the branched | i nes.

The re ction ondi ti on erfornan e results ar.e gi ven Ta Ie %
Bt 8% £ht 85Ty 1 g Do iR ol TyoRer 2t 9 Ellen 349 2
third stage,reactor sane. as t.-he first secon ere tors
|nstaﬁVEHg%% Pﬁggﬁwﬁﬁﬁ? dm S % tﬁb secdhd §tade Feactc 58ﬁ§?t?ﬂting
t hr ee- sta e .reactio % Thus t he Ilgonertzatlon ac |on was put into
pract i 9 Ghder § A& é’&rt |°6ﬁré?n88n%e%|gs e R 'P "1, wherein the

reactional conditions in the third stage reactor wer e set to a reaction
tenperature of 120C , reaction pressure of 65 kg / cm2 - G( 6.4 MPa ),

st|rr|ﬁg at_a, Eevolutional speed of 500 rpm and continuous supply of

hi ghl | ene gas so as to maintain the reaction pressure at 65 kg /

CM 2 G hhch Yers, sare, A% MifeLLESk AN Sepand Staohyeacher s, The

reaction condl ormance resu S are gl ven I'n
Co ti T | g t
the ol gomer ?EP%%#F%Q%%%C%%% A R R R TR L R

react Q%h sh:%\'illgg al)rh' %%r @Awﬁ%ltlﬂgﬁn‘tﬁ 5}990 o%c’thteheseeghltid Jteavgee reactor

constituting three-stage reaction steps. Thus the oligomerization
reaction was put into practice under the reactional conditions as
given in Table 1, wherein the reactional conditions in the third
stage reactor were set to a reaction temperature of 120°C, reaction
pressure of 65 kg / cm 2 . G ( 6.4 MPa ), stirring at a
revolutional speed of 500 rpm, and continuous supply of highly
pure ethylene gas so as to maintain the reaction pressure at 65 kg /
cm 2 - G, which were same as in the first and second stage

reactors. The reaction conditions and performance results are

given in Table 1.

Comparative Example 1

The procedure in Example 1 was repeated to carry out the
oligomerization reaction except that use was made of a first stage
reactor having an internal volume of 1000 cc, the liquid level
therein was set on 500 cc, and a second stage reactor was not used.
The reaction conditions and performance results are given in Table

1.
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e

therein was set on 500 cc, and a second stage reactor was not used. The
reaction conditions and performance results are given in Table 1. 17 18 AUG
2005 Table | - | Exanple No. 123 (Supply Anpunt of Cat gkl aggs Sol vent)
(First Stage Reactor) ZrCl4 (nmol/hour)0.080.080.08 Ethyl al um num

sesqui chl ori de (nmol / hour) 0. 4360. 4360. 436 Tri et hyl al um num

(mrol / hour) 0. 1240. 1240. 124 GCyelhexane { cc/ hour) 700700700 ( Second St age
Reactar) ZrCi4 (mml/hour)000 Fthyl al um num sesquichl oride (mml/hour) 000
Triethyl al um num (ol / hour) 000 Cycl ohexane (cic/ hour EQ@@p0 Ehind St age
Reactor) ZrCl4 (mol/hour)--- Ethylal um num sejsquichl oride(mm|/hour)---

Tri et hyl al um num (mol / hour) --- Cycl ohexane (clc/ hoyr)-+- (BReactions3
tenperature) (C)120120120 (Reaction pressure) (kg / cm Cﬁﬁﬁﬁﬁﬁ% 18 AUG

2005 Tapplly shdxatpd e Ao L£0fPe and Solvent)

(First Stage Reactor)

ZrCl, (mmol/hour) 0.08 0.08 0.08
Ethylaluminum sesquichloride (mmol/hour) 0.436 0.436 0.436
Triethylaluminum (mmol/hour) 0.124 0.124 0.124
Cyclohexane (cc/hour) 700 700 700

(Second Stage Reactor)

ZrCl, (mmol/hour) 0 -0 0
Ethylaluminum sesquichloride (mmol/hour) 0 0 0
Triethylaluminum (mmol /hour) 0 0 0
Cyclohexane (cc/hour) 0 0 0

(Third Stage Reactor)
ZrCl, (mmol/hour) — — —_

Ethylaluminum sesquichloride (mmol/hour) — — —

Triethylaluminum (mmol/hour) — — —
Cyclohexane (cc/hour) — — —
(Reaction temperature) (’c) 120 120 120
{(Reaction pressure) (kg / cm? « G) 65 65 65




45ExNo. 1 Supply Anount of Catal yst and Sol vent) (First Stage Reactor) Zrd 4
(nmol / hour) 0. 070. 080. 08 Et hyl al um num sesqui chl ori de

(ol / hour) 0. 3740. 4360. 436 Tri et hyl al umi num ( nmol / hourdBUGE0a240. 124

Cycl ohexane (cc/ hour) 600700700 <Second Stage Reactor) Zrd 4

(mrol / hour) 0. 010- Et hyl al um m@ seqq_u' chl oride (nmmol/hour)0.0620-

Tri et hyl al um num ( mol / hou?;[voa. 0- C?cl ohexane (cc/hour)1000- (Third Stage
Reactor) Zrd 4 (mol/hour)-0- Ethylalum num se i ride( mpl Lhour) - O-
Tri et hyl al umi num (mmol / hour) - 0- Cycl ohexane cﬂ%ﬁ§g$9( Reactl{:f))ﬁg'
tenperature) (C)120120120 (Reaction pressurex (kg,/ gqn2 &) 656§§o{ﬁemar ks}
Conp. ExNo.1: Conparative Exanple 1 -19 18 AUG 2005 Table 1 -|3 anpl e No.
123 (gl SRS Feacar Ao el (6200230250

ottt e mhute)y 2oz <eactthgwergn (g/ hOUI’) 119138151

)

d

{First Stage Reactor)
ZrCl, (mmol/hour) 0.07 0.08 0.08
Ethylaluminum sesquichloride (mmol/hour)| 0.374 0.436 0.436
Triethylaluminum (mmol/hour) 0.11 0.124 0.124
Cyclohexane (cc/hour) 600 700 700

{Second Stage Reactor)

ZrCl, (mmol/hour) 0.01 0 —
Ethylaluminum sesquichloride (mmol/hour) 0.062 0 —
Triethylaluminum {(mmol/hour) 0.018 0 —
Cyclohexane (cc/hour) 100 0 —

(Third Stage Reactor)

ZrCl, (mmol /hour) — 0 —
Ethylaluminum sesquichloride (mmol/hour) —_— 0 —
Triethylaluminum (mmol/hour) — 0 —
Cyclohexane (cc/hour) — 0 —
(Reaction temperature) (c) 120 120 120
(Reaction pressure) (kg / cm? < G) 65 65 65

{Remarks} Comp. ExNo.1: Comparative Example 1



Reactionratio (Proportion)(nolar%)526067 (Second Stage Reactor>

React or | evel (cc) 250230200 Reactiontine(m nute) 212017

React i ngwei ght (g/ hour) 1109274 Reacti onrati o( Proporti on}§ ABGa2005) 484033
(Third Stage Reactor> Reactorlevel (cc)--- Reactiontinme(mnute)---
React i ngwei ght (g/ hour) - - - -,IR(aagitei o,pr%i o (Proportion)(molar%)--- ---

ZOM) 12.8 12,9 L.l Ll LIl - Gglahghleaet vity (kalg
-------------------------------------------------- 1 -----12-26--- i i
(First Stage Reagtor)
Reactor level (cc) 200 230 250
Reaction time (minute) 17 20 21
Reacting weight (g/hour) 119 138 151
Reaction ratio (Proportion) (molar9% ) 52 60 67
{(Second Stage Reactor)
Reactor level (cc) 250 230 200
Reaction time (minute) 21 20 17
Reacting weight (g/hour) 110 92 74
Reaction ratio (Proportion) (molar9 ) 48 | 40 33
{Third Stage ﬁéactor)
Reactor level (cc) — — —
Reaction time {minute) — — —
Reacting weight (g/bour) — — —
Reaction Eatio (Proportion) {(molar% ) — — —_
Catalytic activity (kg/g - Zrcly) | 12.8 | 12.9 | 12.6
@ -Olefinic 4 (% by weight)| 15.0| 14.7 | 14.8
oligomer C 6 (9%¢ by weight) 15.4 15.2 15.2
thus C 8 (9%¢ by weight) 14.1 14.0 14.0
formed C 10 to 16 (% by weight) 36.3 36.4 36.4
Cc 18 (% by weight) 4.8 4.9 4.9
C 20 and more (% by weight) 14.4 14.8 14.7
C 18 purity (% by weight) 96.0 95.8 95.4
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(%y wei ght)15.014.714.8 C 4 ol igonerC 6(%y

wei ght ) 15. 415. 215. 2 thusC 8( %y wei ght)14.114.014.0 fornedC 10 to 16( %y
wei ght ) 36. 336. 436.4 C 18( %y wei ght)4.84.94.9 C 20 and1$dAU& 2009

wei ght ) 14. 414.814.7 C 18 purity(%y wei ght)96.095.895.4 -20 18 AUG 2005
Table 1 -4 Exanpl e No-Conp. 45ExNo.1 (First Stage Reactor) Reactor

| evel (cc) 250100500 Reacti on FReeni hatd) 25943 Reacti ng

wei ghttgrhour 12188225 Reaction rati o (Propor{ian) (o] ar ¥6538100 _(Second
Stage Reactor) Reactor |evel (c c)200150- Reacti &ita%EER M Rut e)|17¢8™PReact i ng
wei ght (g/ hour) 9981- Reaction ratio (Proportiony(nolar9e#535- (Third Stage
React or > Reactor |evel (cc)-200- Reaction time(ninfte){17- ° ExHNo.1
(First Stage Reac}or)
Reactor leve; (cc) 250 100 500
Reaction time (minute) 25 9 43
Reacting weight (g/hour) 121 88 225
Reaction ratio (Proportion) (molar% ) 55 38 100
{Second Stage Reactor)
Reactor level {cc) 200 150 —
Reaction time'. (minute) 17 13 —
Reacting weight (g/hour) 99 81 —
Reaction ratio(Proportion) (molar% ) 45 35 —
{Third Stage Reactor)
Reactor level (cc) — 200 —
Reaction time (minute) — 17 —
Reacting weight (g/hour) _— 63 —_—
Reaction'Eapic>(Proportion) (molar% ) —_ 27 —
Catalytic activity (kg/g - zeCl,) | - 12.3| 13.0 | 12.6
@ -Olefinic a4 (% by weight)| 15.2 | 14.6 | 1.9
oligomer %C 6 (% by weight) 15.6 15.1 15.4
thus g C 8 (% by weight) 4.2 13.9 14.1
formed EC 10 to 16 (% by weight) 36.3 36.4 36.3
c 18 (% by weight) 4.8 4.9 4.9
SC 20 and more (% by weight) 13.9 15.1 14.4
SC 18 purity f%; by weight) 95.9 96.3 94.5

{(Remarks} Comp. ExNo.1:

Comparative Example 1



Reacting wei ght (g/hour)-63- Reaction ratio (Pr oport| on)(nolar%)-27-

.............................. . 15.214.614.9 a -Aefin C 4(%y weight)

ol i goner C 6(°/doy wei ght)15 615 115. 4 thus C 8(%y wei ght)14.213.914.1 forned

C10 to '. h ) i C 18(%by weight)4.84.94.9 C 20 and

rmre(° 9 IS : rlty(%oy wei ght) 95. 996. 394. 5 ( Renar ks}

2005 | NDUSTRI AL AP g’;l CA LITY_
hi%ghl y
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The present |hrf\/er?tr| 5§ Hel AFSE 1408 pFS(L,% %% cafabfe Bf ﬁ?%dtfca}%ﬁ
d | -ol efi | th d
oe orbhodrddnd Ahi¥aTe ufs (Fnd SN yplion s I8HE e pnah Phe! M
cnsat uiat ed doubl . bond a0 4,40,28 oF2L09R. B1oF o304 Wi,AE, gy @ 2

-olefin oligomer which has unsaturated double bond and 4 to 24

carbon atoms, and which is useful as a starting material for high

molecular polymers, plasticizers, surfactants and the like.
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nmol ecul ar polyners, plasticizers, surfactants and the |ike. 22 18 AUG 2005
CLAIMS 1. A process for producing an a-ol efin oligonmer which conprises
subjecting an a-olefin to oligonerization reaction in ¥BAUB6GR808 c sol vent in
the presence of a Ziegler based catalyst, wherein said oligonerization
reaction is carried out through two-stage reaction steps feeding each of
the reaction step with a-olefin as a starting material conponent and the
reactional ratio of the oligonerizi %{, gti on weight in the first reaction
step to the oligonerizing reaction é‘ﬁ?{ in the second reaction step is in
the range of 30:70 to 70:30. 2. A process for producing an a-olefin

ol i gonmer according to Claim1l, wherein the two-stage reaction steps are
carried out. by Aiprongss fas-produpeng emct@leln aligemerewhich comprises sulgectifigeanpr ocess

L 2o SRR T BB B S BB A el %if
based catalyst, wherein said oligomerization reaction is carried out through two-stage
reaction steps feeding each of the reaction step with a-olefin as a starting material
component and the reactional ratio of the oligomerizing reaction weight in the first
reaction step to the oligomerizing reaction weight in the second reaction step is in the

range of 30:70 to 70:30.
2. A process for producing an a-olefin oligomer according to Claim 1, wherein
the two-stage reaction steps are carried out by using two-stage reactors arranged in

series.

3. The process for producing an o-olefin oligomer according to Claim 1, wherein

said a-olefin as the starting material is ethylene.
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