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. The present invention relates to a process for producing an

ollgoner More particularly, the present invention is concerne

process for producing an a -olefin oligoner which is capable of prodhC|ng a
high quality a -olefin oligoner having enhanced purity, in the case of
producing an a -olefin oligoner which has a double bond and 4

atons and which is useful as a starting material for high noleMM“ﬁMMNN'NM
polyners, plasticizers, surfactiE8CIHPTHO Ni ke by the use of a Ziggl

based catal yst. BACKGROUND ART An a -olefin oligoner which has a double
bond and 4 t oPRIOECHE ESnFAQABMBRIGDAT QG| asuBdtBREY WHLEBGOM ERdel y used as
a starting nmonormer material for olefin polyners, as a conononer for a
varietﬂﬂﬁgiﬁﬂdﬁuhbhﬁiﬂidl polyners, as a starting material for

plast|C|zers surfactants, etc. The a -olefin oligoner is produced usually
by ol i gomer iTh e resen ehavasting welateisnto ranr pae e ifalr ByoHeingeanf aa

Zi egl er based catalyst. In general, the production process conprises a step
of ori gehekinzaeligemesncti oMore sk eptishlagddvet iy Nkttt e BEAYI @heis a

step of deactlvatln%_and deashlng
concerned with a process for producing an « -olefin oligomer which
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is capable of producing a high quality « -olefin oligomer having
enhanced purity, in the case of producing an o« -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 o -olefin oligomer which has a double bond and 4 to 24
carbon atoms 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 a -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 o -olefin oligomer (see, for example, Japanese Patent
Application Laid-Open (kokai) No.3-220135).

In the aforesaid production process, the origomerization

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



the catalyst and a step of fractionating the solvent used therein and the a
“-olefin oligomer (see, for exanple, Japanese Patent Application Laid-Open
(kokai) No.3-220135). In the aforesaid production process, the
origonerization reaction is put into practice usually by one step conposed
of one 1 reactor. In general, the a -olefin oligoner that is produced by
t he above-nenti oned step involves a problemin that it often contains such
inpurities as paraffin, internal olefin and branched ol efin, which bring
about mapkédrdetlr iggmatdn e t me odadin to}iep me pdhypdtivsypend weesl hyate t he
i ke as the final product. DI SCLOSURE OF THE I NVENTION It has been desired
from t Béoasovee bt R oActt &R didipdivifts BordebéeBpia phédekls ofbe nptoRitRiny an a
-olefin oligoner which is capable of producing . a high quality a -olefin

ol i gomBM R ATHP REHELe® w@ife PadRIdRR, om el oiledin jandnhbraacdiesd dgdjivcting
an a -olefin to oligoperization reagtion_by the use of a ZieqLer bgsed

cat al y¥thied t ReiBg gabRiitzanpsk edat dPY&E 10 THE Ofy esBntt h v aME16HY had bren
made in hhe ight of the fo egﬁjrg‘subject.,Thﬁt is.to say, it is a general
obj ect POEYEREYPEBEhES1th it $edvh e fangl Reediedr producing an a
-olefin oligoner which is capable of producing a high quality a -olefin
oligoner free froman inpurity by the use of a Ziegler based catalyst. In
view o e abg i qneg = LRiensive extensive research and

i nvest Fgat et - et 1S present inventors. As a result, it
has been fo‘f@d}ltaga%ete.'}‘led%%'i%‘éh Pl o g nR! %%%@te-'ni“’%}ér?é‘dcé‘{‘ar?ﬁ 3hteysd by
carrying out "ol'i'gonerization Feaction t'hrough mitr-s age reactioon,
SUPPLYiag 8GN 01y Ao D4 Aol Y DI kDB 81 8YCSa W 1R 2] B110h Al i G SIATTT NG
mat eri al” co oneﬁ%, and controlling the reaction. Thus e present

i nvent i,gn /HAas Q?eﬁ?é‘ﬁﬁg{irglg' ahgds 8N 4hai Pashs- Afe rifeo i Y SR-Neh ifdiRdi NG and

information. Specifically, the present invention provides a process for
produck Ror R @ n Qe idr BhibGaTRTe Wi fht KO JS8S SWB] ELLiINY a8 & -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 is 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, intensive 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 « -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 o -olefin oligomer which comprises subjecting an «



2 " -olefin to oligomerization reaction in an organic solvent in the
~presence of a Ziegler based catal yst, wherein the foregoing oligonerization
reaction is carried out through multistage reaction, and the a -olefin is
supplied to each of the reaction stages. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is an exanple of schematic process flow di agram whi ch shows the
production process for carrying out the present invention. THE MOST
PREFERRED EMBCODI MENT TO CARRY OUT THE I NVENTION I n the follow ng, nore

det ai | edleéigcriqpt dlogomielrlizbéignvenaotioheipr esenirg awent solvenn tihetlpe esent
invention, an a -olefin oligoner is obtained by oligonerizing an a -olefin
in the pressance of o ZiZdglgde r basege datcal tydys twhivchecohsi sithe oforbigoing
conbi nation of (A) a transition nmetal conpound, (B) an organoal um num and
(O a todrzome yizdhiponerte acdipe uied agrfes] r et THero wghusadubis-strge
transition netal conpound (A), the conpound represented by the general

for mul &€ awkypozapd ththerer Aladins ig surbhiedn ta ohaeh aft thanreschiom X
is a hal ogen atom (chlorine atom brom ne atomor iodine aton), Y is RO,
RZN-, S&@ERS--0SO 3 R R, -Cp (cyclopentadienyl), wherein Ris a straight
chain or branched chain al kyl group having 1 to 20 carbon atons, or /3

di ketonato represented by the general fornmula: 3

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 ST 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 organocaluminum 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:



RROC/ ~~""~~CR2 .. ~C/ R3 wherein R1, R2 and R 3 are each
“independently a hydrogen atom an alkyl group having 1 to 20 carbon atons
or' an al kyl group which is substituted with a hal ogen atom and which has 1
to 20 carbon atonms with the proviso that one of R1, R2 and R3 is an

al kyl group which is substituted with a hal ogen atom and which has 1 to 20
carbon atons, x, y and z are each an integer fromO to 4 wth the proviso
that x-~ y-1- z= 4. The above-nenti oned conpound is specifically
exenplified by zZrd 4, zZrBr4, Zrl4, zZrBrd 3, zZrBrzC2, Tid4, TiBr4, Til 4 ,
TiBrd3, TiBr 2d z, Zr(CCZHS5) 4, Zr((CC2H5) zC1 2, Zr(ONn-C3
H~) 4, Zr(On-C3 H7) ZC]%, Zr(Giso-C3 H~) 4, Zr(Oiso-C3 H ~
) 2Cl2, Zr(On-C4H9 ) 4, Zr(On-C4H92Cl2, Zr(Oiso-C4H9) 4
, Zr(Giso-C4 HY ) Z 2, Zr(Otert-C4H9) 4, Zr(Otert-C4 H9 ) Z
a z, Zr((CH3 2@4,-&8(17 H6) 2- N) 4, %r((n-CSH~)ZN)4, Zr((iso-C3H~)z N 4,
Zr n-04H9 ZN-4, Zr((tert3CAR® @CN4A—R s 4, zr 0OSO 302H6) 4,

Zr (0OS03C31 3~ ﬂ\r%é %I—Q/Af Zr Cp2C12, ZrCp2d Br, Ti (OCZHS) 4,

Ti (OCZHS) ZzC12, TiYYO n- 7)4, Ti(On-C3H-)ZzZC12, Ti (O iso-03H, )4,
Ti(OGiso-C3H )zCz, Ti(OmMCAHY)4, Ti(On-C 4H9)ZA Z, Ti (O iso-CAHI) 4)

Ti (Oiso-C4H9) 2012, Ti (Ot rRC 4H9) 4, T1(Otert-04H9 z012, Ti ((CH3)
2N) 4, TOQCZHS Z- N4, Ti((n-C3 H~) 2N 4, Ti((iso-C3 H~) ZN) 4

, Ti((n-C4H9) Z- N 4, 4

wherein R 1, R2 and R3 are each independently a hydrogen atom,

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, R2 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
ZxCl,, ZrBr,, Zr1,, ZrBrCl,, ZrBr,Cl,, TiCl,, TiBr,, Til
., TiBrCl;, TiBr,Cl,, Zx(OC,H ) ,, Zx(OC,H . ), Cl,,
Zr(O-n-C,H,),, Zr(O-n-C,H,),Cl,, Zr(O-iso-C,H,),, Zr(O-iso-C
sH,),Cl,, Zx(O-n-C,H,),, Zr(O-n-C,H,;),Cl,, Zr(0O-iso-C,H,),,
Zr(0-iso-C,H,4),Cl,, Zr(O-tert-C,H,),, Zr(O-tert-C,H,),Cl,,
Zr((CH,),N),, Zr((C,H,),- N),, Zr((n-C,H,),N),, Zr((iso-C,H,),
N),, Zr(n-C,H,),N),, Zr((tert-C,H,),N),, Zr(0OSO,CH,),, Zr(0OSO
.C,H¢),, Zxr(0SO,C,H,),, Zxr(0OSO,C,H,),, ZrCp,Cl,, ZrCp,ClBr,
Ti(OC,H,),, Ti(OCZHs)ZCiz, Ti(O-n-C,H,),, Ti(O-n-C,H,),Cl,,
Ti(0O-iso-C,H,),, Ti(O-iso-C,H,),Cl,, Ti(0O-n-C,H,),, Ti(O-n-C
Hy),Cl,, Ti(0-iso-C,H,),, Ti(0O-iso-C,H,) ,Cl,, Ti(O-tert-C
Hy) ,, Ti(O-tert-C ,H,) ,Cl,, Ti((CH3) ,N),, Ti(C,H;) ,- N),,
Ti((n-C,H,),N),, Ti((iso-C,H,),N),,Til(n-C,H,),- N) ,,



Ti((tert-C4H9 ZN) 4, T1(OSO3CH3)4, T1(0S03CZH5)4, T1(OSO3C3H Ti (0OS03C4H9) 4,
- Ti Cp2Cl2, Ti Cp2C Br, Zr(OCOCZHS) 4, Zr(0COC2H5) 2Cl12, Zr (OCOC3H~) 4,
Zr(OCOC3H~) z€12, Zr(0OCOC 3H7)4, Zr (OCOC3H., 2Cl2, Zr OCOCAH9 4, Zr OCOC4AH9
2C12, Ti (OCOCZHS)4) Ti (0OCOCZHS) 2C12, Ti (0OCOC3H~)4, Ti (0OCOC3H ~)ZzCl12,

Ti (OCOC3H~) 4, Ti (OCOC3H,,)ZzC12, Ti(0OCOAH9)4, Ti(GCOC4 H9 ) 2 d 2, zrd
z (HCOCFCOF) 2 and Zrd 2 (CH 3 COCFCOCH 3 ) 2 . The organoalum num (B) is
exenplified by the conpound represented by the general fornula: Al Ya Xb Cc
Nd (11 Mi((earteiChyHi,9 ,a&Nhal 8G€0 @ o H ¢ hl, orTid©8 O C pHoni neli 0@ , C, H

i odi neaton), Yis RO, RZN-, -OCOR, or R-,wherein R is astraight chainor

- branched .chaln(QISQ L GrBup shaviligip § 6120 cAibona€bbe, aAd(QC®Cq Brd.d are
each an inte&er framO to 3 with the proviso that a -~ b-f- ¢ -1-d - 3, or

by t heZgéRfotikds Hprles énlt.odBy (OKe0 §endr al i of MiP &: €2 ¥ ~Xb- Ok~ N+ (QE€P C

wherein X (s a halogen atom (chlorine atom bromi ne atomor iodine atom, Y
'S RO FRr Zo N7 (QBSRC . RoboRCOOR:  de (RCOltheFoi hn R HCHA0 & Pos b, Gdch

straight ,chain or ranche,(? chai n al ky having 1 to 20 c&gbon at ons,
st

and o 1160000 g o arla 04K Gl o5 o RaMBE B8 Fdun THD G4G46 ¢ ha
N D e Bl g

Sener al )fzopinsl’a ’Iliil(&(fq(ﬁeﬁig Aie?'&le@ gbe%i?]g%ﬁg;%lrgﬂ@ﬁgkegc 4yHt9 e4 ’

AL(i - 7) 3, Al {C 4H9 AL(i -4 , 1) 3, 3 Al( C3H1L
A SRR b D G o o Ay G B0 CRIERH 15 aﬁlf%ﬁél@ i Tioa St

. AL(C , \AL(CZHs) 12, Al CZHs(OCZHs)2, Al C2Hs(OC3H-) 2,
Al czﬁs@%?@,g%s)m(l(oc)z Hs) 2 CI,(Al(OC)3 H~) 2(c1, AL(CC 4 H9 ) 2

Cl, A(CC 2 d , : : Cl. 2, 4 H 2 ., AC2

s oo0c 2 HTS or i gty (5 s OHEAT oYy i Grpdiagytt
Al ~ C 4 Cl, Al(OCOC 2 Hs)C1 2, AI(CCoC 3 H
~ §C1 géﬁf%ﬁﬁg%ﬁlﬁé%%w%ﬁaM(cz(Hs)zocsH~, )AI (Csz)Z(OC4H9,
Al(CzHs) zN( GgHg) 2. XA,I_)(@ZIEIS)I@I}%CSH.,)Z and (filf CzHs) 2 N(C4H9) 2. Exanpl es of

t he conpound represented by the general fornmula (1V ) include A12 (CH 3 ) 3
Cl3 , Ah&rdiGHxBid a3hBloden A8l CcRI1EBInS a&dda, 61'861%4"%)‘0%%{ Sr fddine
(CzHs) 313, Al2(CzHs) zBrd 2, Al2(C3H ~ sO's, Al 2(iso-C3H~)3Cl13,

Al 2( CARQ) 3QL3Y ALR(ASO ) 30X80 FAL2f GoH WRGIEn A 26 GBlitr o) 8hElh a H12( Cz
Hs) 2(CH3)Cl3, Al2(CC zHs)3Cl13, A12(0OC3H-)3Cl3, Al 2(0O C4H9) 3C13,

Al 2( CCoeZitsg BChdd MaipCOH-$36hd hadiAR2({ GCCPIRR Bb A htAast hend erthary

conponent (C) which is used as desired, there
c 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 N4 (V)

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 AI(CH,),, AIl(C,H,),, AI(C,H,),, Al(iso-C,H,),, Al(C
JH.,),, Al(iso-C ,H,),, AI(C,H, ,),, Al(C,H,,),, AI(C,H, ,),, AI(C
,H.,),Cl, AI(C,H,),Br, AI(C,Hs),I, AI(C,Hs5)Cl,, AI(C,Hs)Br,,
Al(C,Hs)I,, A1IC,Hs(OC,Hs),, AIC,Hs(OC,H,) ,, AIC,Hs(0OC, H,),,



i s'usable at | east one conpound sel ected from sul fur conpounds, phosphorus
~ conmpounds and ni trogen conmpounds. The tertiary conponent contributes to
enhancing the purity of a -olefin oligomer as the objective product. The
sul fur compound needs only to be an organosul fur conpound w t hout specific
limtation, and is preferably exenplified by dinmethyl sulfide, diethyl

sul fide, dipropyl sulfide, dihexyl sulfide, dicyclohexyl sulfide,

t hi oet hers such as di phenyl thioether: dialkyl disulfide conpounds such as
di met hWAl1(@ GylHs e Cldi il CdiBylfj e, AlpdepyH ¢ sWCK,i del(QChury)Cl, ,

di sul fide, dihexyl disulfide, dicyclohexyl disulfide and ethyl nethyl

di sul f iAldO € hj Hphetds, sush(@€ § B gphedik, ,2-AbChyHs (O Qfhedds) , , AlC,

3- et hyl t hi ophene, 2, 3-di net hyl t hi ophene, 2-ethyl- thiophene and

benzot B oghekeC aitl, het e¥lddy (O G0IG yH ,donpsd A€ @GcHIak, 61, A1(0COC,

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

di pheny ;3ul €1.deA L@ EREAYIHd)suCli el (GO Lghery] . di AL(QICHRC Bt hYChhenyl
sul fide: thioureas: and sulfides such as net sul fide, ethyl sulfide and

|
butyl $Wi(Q@e.C THes YhbspHblts. Horpbld Hﬁaeéslrzéml § s 90es Bny orgdfopHedphor us
oot o BRSSP
11 oyc IRt phosprERe m FEES s FBGerb Bt HBARS ) 10 the ganeral
organo?itgﬁg n(g? ounﬂ?ﬁﬁtggug igeg;éic Iightgb&gn gnd_isAﬂr?f r bhg
exenpl P ﬁ? gghﬁé 8sAdulf s’ ntthyl aftilné! Phy dmi'ne; prégyﬁé ne,
but yl arne, t i-ne, ,h i he, l,oh | ai ne, t i .
docyl e, iute AL BT he. (Gapfnan hetCathi nii AT, (€,
di et hyl am e, dj Yyl am ng, \di 1 Re; t byl ph l-lam ne,
o ethyiamar. o puen g, 0 eend emeer Ty phapEIe ) o1

pi col i ng. e arevpreferapl yiyusabl eqin ecpre t o} hon, atih | fur
conpou%‘§f pq%éﬁ26?3§’c%2ﬁggﬁggléﬁd Eyﬁfdézﬁ(gdnggznﬂgegggﬁbg%’ﬁ%ﬁ?Fﬁ%ed

above, qf teh s bi gyl ar oy _prgf er@bey wsable ongp o or r
conpouﬁdssgg?e%ied ronﬁdiﬁthyP disﬂffidé, fﬁ?opﬁenes?(?E¥ggfg%?p%§%b’

henyl phospio 0e ctH byt gh , phesphiingDd ¢ oieshy)phosphi ne and aniline. The
ol i gonerization reaction of a -olefin according to the present invention is

put into pracsithe vsuald iy icdnpoakaan(C) sehyehtis xadphesd &§iddie orgasi C
sol vent include napht hene base paraffin such as cycl ohexane and decal in,

aronatiie hydbdeas bohnsa stuoh e ofn p olenk ende ctelduénem xylléne, c6hl ©6 @hdrzene,
et hyl benzene, dichl orobenzene and chl orot ol uene, hal ogeni de thereof,
al i phatilo dyylde nuar komsp suahl sasa pdntrarte p gleex acen phvapt doe, dEhaneermnboaspne and
decane, hal oal kanes such as di chl oroet hane and di chl or obut ane, and the I|ike
sol vencomponent contributes to enhancing the purity of « -olefin oligomer

as the objective product.

The sulfur compound needs only to be an organosulfur
compound without specific limitation, and is 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



Wth regard to the bl ending proportions of the foregoing conponents (A),
+(B) and (C) and the foregoing organic solvent in the present invention, the
anount of the conponent(A) is usually 0.0l to 5 muvol, preferably 0.03 to 1
mol , the anount of the conponent (B) is usually 0.05 to 15 mol,
preferably 0.06 to 3 mmol, and the anmount of the conponent (C) is usually
0.05 to 20 mol, preferably 0.1 to 10 mol in the case of using the
above-nenti oned sul fur conpound, preferably 0.05 to 5 nmol in the case of
usi ng ttherahgrdasaildonpii¢ wgeanar thhoppharns: compounde enlfhe bamipsowhd250 i
of the organic solvent. In addition, nore preferable result is obtainable
by set tsiurdh t hes bl &indh egy pr opoel tiidens diphheyflor dgeuhfi donponert gl W nahd ( B)
to 1 to 15 expressed in ternms of AL/ Zr or Ti (nolar ratio). The

ol i gonm@riiszdfida, rmadthisdm hofnah aulfildefi thioutdss: prosentuifidest isorch sas
carried out through nultistage reaction steps. Specifically, the

above- meat hphed uflei sttdgd s ebldeoanst bpsydrsarldideerably constituted of at

| east two stage reactors arranged in series, and are particularly
preferably cbhetitmhedpdfonugo orcomhpedngk agd aesht i omlst epéo I nbehe an

ol i goneri zation reaction constituted of the aforesaid nultistage reaction
st eps AFEETH MPOes hiogat Hrevmmo Y mdemtitdout tsyecifigi shaptabloant 2 _dpppy
each of the reaction steps with a -qglefin as a starting ferial
conpondre tezad Lyt e kg npp bitée dpb ¥ E?\ﬁf)ﬁphégﬁécﬁus a6 ot F1Peh G kP @segﬂ@@t of
the present, invention to regu] ate the . reacting weight.in each of the
reacti6ﬁ1%f%§gp5888$19§’equal%? ‘UﬁgpﬁéﬁﬁfQHSQMBighfr{$%9%yﬁp5§3 ¢R€as
possi bl e. | dition, it i.s also ef erahl e to. regulate the retention tine
or cat§F§%fg%ﬁ%%?§p§ﬁ85n?nﬂntgﬁgﬁlgﬁeﬁﬁépﬁﬁﬁﬁ?hﬁesteps so as to attain
such reacti wei ght in_each of e reaction . steps.. Supply of th

above- st at eglgltl:%t E?t;gqg%%dggrrn aon'il%asgle\?gﬁst 0tngyt ﬁg Z)eecginrg Oal%l‘ﬁ]aréﬂ égﬁo ht
steps i | yways, . sar . can: cte need. Lt e sible
o put “TAP P aR Ty ARy e B o i B BRREWE SRt CER S e B PR
the folelQuh Bgi RNy | Br £BGR a%h BRe OF shRE ’H-gtﬁl'e%t}l?ﬂ%xﬁﬁ@&}'@{hﬂﬁﬂﬁne[” the
case where two-stage reaction steps are adopted, for 1nstance,” a first
stage 183G PAraheneoOnti nUGUslY aghatged at HehsllMdihe eactyopyBohYaRt
catalyst and a -olefin, while enabling the reaction tenperature to be set
on a t eyRebalkWwyd adhimb| Cdcdylamahal ysdeexid Biihes, ehhatidye Bod 2yid pinand
pressure control to be conducted by regulating the a -olefin supply anount.
React i ara h ghiytla ihiuse ,0bt &i med hiyd amalees, outit hkey s mime,anddilsut ntamdueed i n
a second stage reactor, while separately supplying the a -olefin to the
second ditpdgen y bamtiare., | n t hi snetlselpbepplynofnd,he aboversined ddy cahahygst and
organi c solvent to the second stage reactor is not always necessary, but
can be teoatiugl o ipreopertingband laptirgnal |ty iath eveeldh mboei ng ptrédivact izond t he
ratio of the oligonerizing reacting weight in the first stage reactor to
that i ®ichéisecond stage reactor, that is, the ratio of (the oligomerizing
reacting weight in the first stage reactaor): (the oligonerizing reacting
wei ght in theheseoadeswdgderaddyorys gilepriar ditpI prenebhelREagdion. 3phe 70

to 70 . %9. When t he gbove-nenhioned ratio dgpartﬁ from such range, 3
sulfur compounds, phosphorus compounds and nitrogen compounds

each as mentioned above, of which 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 « -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



inpurities in the a -olefin oligomer to be obtained often increase,
~deteriorating the purity of the product. In particular in the present
invention, the foregoing ratio is nore preferably in the range of 40 . 60
to 60 . 40, particularly preferably 50 . 50, approximately. Fromthe
simlar viewoint, in the case of adopting three stage reaction steps, the
ratio of [(the oligonerizing reacting weight in each of the stages) / (the
ol i goneri zing reacting weight in whole)] X 100 is preferably within the
range ben2@rne 40 %olueand, t hexybtne, t hecbdbrobepaemeof t hetlsyBpsnisne,
particularly preferably 33.3 : 33.3 : 33.3, approximately. In the present

i nvent déphlehebehizgaveera rdt ¢ bho ratadtvieore i rh elae ifd & Heh ¢ eaet.i @dishepsc of

t he above-nentioned nultistage reaction steps can be carried out usually at
a tenplpydtnpcaibpnfhespnahgesod @ n o, 150 nAdeheptassur eco6fnB0 nonImkg /
cm2 G (2.94 to 8.82 MPa). The reaction_tine in each_of the reaction

st eps, 2@ ch d&¢3 28, depeabh hk apen t hauebnperst ur ighdoppretiape anand
accordingly can not be unequivocally determned, is usually 5 to 40 m nutes
per eaéhcbxo%'%b%?é‘ﬁs,aﬁﬁk'i Igke syvedttsio to 60 minutes, approxinately.
In the prodygtion process according to the present invention, the a -olefin
to be used Yithst ?l"‘irﬁg biatidd ap 1§ 80EREa RIS tOR&YI g 214 of oF Gt

atons, preferabl yl ene, he a, -ql efin oligomer to .be obtained is an

o ot erPrrbt nEdie: Chi il chogrtbrhes 8RBt B opanisy spbrent in

particularly 4 to 18. Specifi g exanples therneof include 1-butene, 1-hexene,

et oh® R¥asebfei vy e BEHLR e db  FRBPATAREHEE oo B tsaudd hpgrs ually

1- oct agegene. The a -olefin oli I s [forimed as, a mixture thereof. In the

pr ocesg'ggchdiEngmf%o ’hé’rﬁgggglrtft%r?\igr?t itSn. ! tlﬁém?ll’qutihd3 1%m°ur%%c?fiootrbe

pr oduc j t I r i actl.an lefin J s

subj ec%gﬁgﬁgﬁgsggaegf gégg\?gfybb u%?e%gt gd&@)% S)I](;) %Ircl%(brcfga(gtq@a% 03n of

the capphygt 208 teashini 4t & BRBL colb S ALRLCOSE 6! hslusalqgeb%gbdoe d@

mai ntain the tenperature of the liquid reaction product ,after the

conpl et @R 10f dlge@hidgnesizatbomsearii N at I8e okabbgher . uibfg the

tenperature thereof is not specifically limted provided that it is 90C or

hi gher ) blute -inse h Bi é fed randa rof o mgieh hyl, 90 dfe rd%A¢ 0. @5 afbes abhyo 1OR tihe | 30C
The tenperature thereof, when being unreasonably high, is unfavorable,

si nce thasef bénubi ggsh abofdr cdetidr indtabgen ofr phadydio pws i dgm pbhen @maunt  of

by- produced pol yner, which varies dependi ng upon the reaction conditions,

i s not theelgasvoodl250ublicd tsealriga BO0sbbv&0O. ppm The by- produced pol yner

is dissolved in the liquid reaction product when the tenperature thereof is

kept at 90Clor akidghéen, therebprefiabhbhe tospltodecdbhaihadbiabbe semntiing

irrespective of the type of the organic solvent to be used for the

ol i gonthieziatd méir g vt tigmssefjddet fgre el taranyre nea tsubpbated (B9 to

deactivation treatnment. by introdyci ng a deac]_u:vati ng agent at a pressure of

the tréatdrdl egpseaneds iy tiegms oh 21 7dn oagtvpaylagmaoe)mt el y. Exanpl es

of the deactjvati ng a%ent %0 be used. thergi n include, basic nitrogen

conpounds, @roligpuEraration KRGl 1 A afd pHEHS 40 the paGsent

ni trogen_conpounds anon l,i fi ed by ammoni a and am nes such as
vREL ! i j

t
Tet Dyl B0 R8T G hyieant REFLER oy tant RS S y PE Hos EDBRE yiGa e heksR am ne.
aoht nSP Rk et Ko Aheve, TP S M DHST o YeL A BHER difitne)

napht h f/l ancne, i y amn I

met hyl BQ%@XLQMQ%OBH%&VA aOrP Q%’lelg‘st 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



tricethylam ne, tributylam ne, triphenylam ne, pyridine and picoline. In the
~present invention, the above-nentioned deactivation treatnment is followed
by deashing treatnent and further recovery of the organic sol vent and
unreacted a -olefin by distillation. The recovered organic sol vent and
unreacted a -olefin are each recycled at need through the oligonerization
reaction system The objective a -olefin oligoners in the present invention
are obtained as desirable m xed products of various a -olefin oligoners by
means ¢ dihstiwbakiog. efhecti xé€dtle oguess ndannye molivai ned teghbaige @mount s
as a -olefin oligomers each havi n% desi rabl e nunber of carbon atons by
proper Iy agiéin gpwied gt in s detdinghehee petiotn oiepsndpt2 oo, emaliee the

foll owi ng, sone description will be given of the preferred enbodi nents of

t he présastingvarigdrt wiberr eiar ersefed cho ashe ogst Adhed Hraaidigsiom @t isis an
exanpl e of schematic process flow di agram whi ch shows the production
procesglperreafeyrhie otn neetlptesdine irefemtion bimgsirgcréaty of s wohpbsed
of two stage reaction ste In the process as illustrated in FIG 1, a
first PEARHST Injeaghap égemr?hcalq%aﬂtelpoﬁwsea@alsfstattameaéphoﬁegétvb&t and
an a -olefin as a starting material to procegd with oligonerization

react i 3t 18thud nt K@ oy éflflgh?e%%%?b‘r?nprséﬁﬁét \/\Elué’ri’llyso rBﬂﬁc%Bof’ﬁéFEﬂF‘bnd
conposed 51 the r actl on, cat Iyst Hte}'lrreactl n %gfve unreacted a,

-ol ef i R24AdY 4" 30‘? f‘?‘"ng%’i‘f“g& P’§n1t tQ i 6E88 % 804 SUDSR Y AL (IR PE 18 whi ch
|sfurth§ uppl i ed W|th eD n_as t|n material to proceed

with ofi% Y8 P6&°© PSgcyl ontt EI ke\{)inesceonflﬁé Fi q%{ﬁl reaction product which

i d d t t f t 1 t

|3, B oduced iy 06 SSRODY L B Oelso S0 SORIRAL 2 5L B0 o SERTAR e, o
I f I

S Supped 110 pLLiab et (SRR g iy ROt ROL YR Ko of¥he .

producrmng st'é%% $458ti03 898pkl ashing, prior to supply to the second stage

flash tan eated I1n a heat exchanger 4 to be kept at a prescribed

t enper at ur e g tlweg%rse Wh & hesey bl @sdigd andesotibhe s4BHeaat-ed ad opdle®f,i Bo Wi ch
is dissolved in the l'iquid reaction product is recovered. Thereafter the
liqui diag@ghicen ProMICEthEeSEddcidr ds Ao Ghival Sy 8h aWaere atth@reatwalpst is
deactivated with a deactivating agent 13. Thus a slight amount of light a
-ol efia aldgoriemn acclompanyicuy dlye tr ecodered odxfiw) ewibiles emedoMargedthid a
pot 10, and is sent to the deactivator 8, and then to a deasher 9, and
after ckeatiog wetdp et 2bwragtuaber sk4, damw a $Sepgretahgrd ank #hickhetle¢ n t he
a -olefin oligoner is separated into oil phase and water phase, and the

wat er phasdyps dxddaitiedeffeatizeondiidétinf ahd peacsivor ceystEmtas hast e
water 16. The oil phase is sent to a dissolving tank 19 equi pped with a
heat egehahngled 7bandegulaipngs thies agaelefhnated rly comsiverel Reassisive the
pol ymer in the oil phase, and thereafter is sent to the distillation

syst emHivhid shne oRinamid Ahc AR bR ETA TR B f R BAL | DARtEAdueqd in o
sunmmari zi ng the worKki ng effecﬁ1 nd advant age of the pr nt |nve tion, it
is madée68§é]i tﬁ”lté‘gtehé”reélwofo o) dg R PR HRES HFTEP R y’d}%f"ﬁ’rﬁ oPi ¢ infiee

21 gl ot heasete b afyer THASKRiG 18 ?%béfaﬁkifs'&”%é’bago"fﬁbs ST

oot RS TabUp R B U S O I T3 PRIP R B orever
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,



Exanple 1 [ Preparation of catalyst] In a 500 milliliter (m) flask
vequipped with a stirrer were introduced in an atnosphere of argon, 25 mmol
of' zirconium tetrachl ori de anhydride (ZrCl q ) and 250 nL of dry

cycl ohexane with stirring for 10 m nutes at roomtenperature. To the

m xture thus prepared were added triethylaluminum|[(C 2 H5 ) 3Al] and then
et hyl al um num sesquichloride [(CZH5) 3 A1 ZCl 3], wherein the anounts
of the triethylal um num and et hyl al um num sesqui chl ori de were regulated to
(C2 HiompuZidie® i@l tBe/ of CoReHinbo)liBo Ak rbeo rige 3.0 a(i nreal arft& At iodr ek,

[ (CZHS) 3A12C13 + (CZHS)3A1l] / Zrd 4 being 7 (nolar ratio). After adding all
t he conpehenios,atiing rtdsal pamityi »f utkewas oldentted ain7@@ftacu2ahouns thre an
at nrosphere of argon under stirring to forma conplex so that liquid

cat al yspr e®en pr opae sdiod itduhreidrsadione rigddpi dh] m@ vegan fiexzthlon inedbtei on
was continuously carried out by arranging in series, two sets of conplete
m xi ng ltfimﬁetﬂ% 4Qact 6Ps tEi fi@r nakOvorardionl oy cerefetgbly akPng A,
reaction liquid fromthe first stage reactor, and supplying_the second
stage reRREBKINaLPlvhe r &t Morths qeimilare Va%lﬁd‘(/ﬁobliig’pat@d thequpaseatad yst
was m xeg wi t h cycl ohexane whi ch had been dried in an @t rmsgihere of ~argon
so t hat2 L ABERACENES Arit8R o © R Ak oA SEERiSurh e A4EnI Gy [(dd anakisam arizéa st o

0.08 nmml /1 mol of cycl ohexane. Further,  thjqphene was added to the
i xt ur o 6 € B BbehR D bf it RRED DF e ABREES) dt | he & R o7 | EiGHE Gimacting

tet hl or i t | yti | ut.i oy . b tl definit
houne Y3080 Ech Mol 120 Ty Re OB ald ures GornSow Uidd v e F A 19 20" donge.
t i i zat.i i i ed t _by.taking. out
oact | k0 17 qui el rdtipe PeeRRas, O, ERERORY LRF) 8¥Fgliacy oCia an iy o
|evel 1o, 2ronsiant val 4g bn 4Besf Lisl, liq0e rapctor, and supplying the
Iglf he nq n

second age redactor wt reacti 1qurd der the reactional

condi ti ons imlc?p%q%e%sgﬁﬁmemeﬁmw U1ig off ¢ 240G o £RELEA, Ieg e of

65 kg /cm2 G , stirring at a revolutional speed ¢ ( m
and cond# RUQUS e SLRPS ¥ Qie;ﬁ‘é%ﬂ’ ¥hRULS ofTN ¥l ENE ABSd SA A% L& JBd Meidtibhe

reaction pressure at 65 Kg cm2 Gin each of the reactors. The liquid

level wWage pAWaMRlRNteatrd128006¢ LBubhBy fdf St t8hAYer & Q6L O and 353G £€ Jm the
second stage reactor. The reaction tine (retention tinme) based on the

sol vent1@8stahGWCl7 milButese s Suthe 30t 90age /r eactor and2abauto 3182

m nutes in the second stage reactor. The reaction conditions and the

resul t sM&t®) .col Téet inealgtiginveinmien irabéech. of Delaet ireatitdomt seap spny hath

catal yst] The deactivation treatnment of catalyst was carried out by
varies depending upon 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 « -olefin oligomer having the number
of carbon atoms of 4 or more, particularly 4 to 18. Specific
examples thereof include 1-butene, l-hexene, l-octene, 1l-decene,-
l1-dodecene, 1l-tetradecene, l-hexadecene and l-octadecene. The

o -olefin oligomer is formed as a mixture thereof.

In the process according to the present invention, the liquid

10



continuously supplying the deactivating tank with the Iiquid reaction

. product which had been obtained in the above-nentioned oligonerization
reaction. A deactivating agent consisting of 10% by wei ght of aqueous
ammoni a was supplied at 28 g / hour. The deactivating tank was operated at
100C at 4 kg / cm2 G (0.39 MPa) under stirring at a revol utional speed of
700 rpm The liquid product after the deactivation treatnment was filtered
to filter off wax conponent by using filter paper. The resultant filtrate
was wasteegk tiwine @ rwidtur tdeibanii ned byt ¢hei aligomamidattid wor é 4 o 1 kdt aaf 4 he
filtrate, and then was dried wth potassium 15 car bonat e anhydride. The
col or | esdefimnspandnect e dui d sneaod  wen prcchuecte tshud obtraianed dwas -ahafiyzed by
gas chromat ography to determ ne the distribution and purity of the a

-ol ef i ot ¢ goratioasof Hheobpéelyve arddiectshiThe tpeedoce ntli stlmi bbbt s o ses
found by cal culation through Schultz Flory distribution fromthe result of
gas chridnit dgredghiy bler t € meinhdinoile Hasepevatune obdhat livnald IresstiThe
results are given in Table 1. Further in order to determne the reacting
wei ght Ryrdnet fiter hegompletiom od tdumpligoste rirsa rieacrantidywtdIRds
collected fromthe first stage reactor, and was analyzed by gas_

chr omatWgriafiyern t Hd S ahemptidi s st d saetodr rﬁpr?élﬁh‘éa]grbfodhmléﬁdt he a

-ol efi | i th f . The ti atjo i h of th t [
cal oul R Y (Reott 1§ SECaner TH eich FBAGEOr™ FhR SERE hcti Wyl ePGn: | n
the all t Lact or 10 I cent). In Table 1, 18 rity is

t he prtljtcfug‘tegﬁd(’)ﬁ T affigg?ﬁiyogf’égg%z{%&?s- ﬁﬂb‘z I BRET A YBLobbEL € ’ut"%]égfllot al
productg on ampunt of C 1f3 cgng nent s, anpl 2)382 &.3 The prgfedu e.in
Exanpl & & s "PESESaP b cBf g’oﬁﬁ PREASOEGETEr i SARFEN 1F QLS Bn PEXRES:
that th quj d | L .kn t first. .s reactor and also the liquid |evel
in the &%gﬂ?egﬁeggé?ﬁégg o&pﬁékg%ﬁtté?ggwb the levels as gi venI ?ﬁl Tabl \é 1.

The reactionpganditi 9% @P%&?ﬁ%ﬁ%&@é‘&&&lﬁ@s AN L ¥§?§é%uTe?%§d}hg

Exanpl e 4 The procedure in peated to carr
ol i gomeyp ¢AL{108 rle@R¢4 b ANe &X APl dd1ats 1Re § #6F ulibBRS19% Jies glggtui%mtséad

solvent lTeading to the first stage reactor were branched, a

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 is 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



the catal yst and solvent in part were directly supplied to the second stage
‘reactor through the branched |ines. The reaction conditions and perfornmance
results are gi-ven in Table 1. Exanple 5 In carrying out the oligonerization
reaction in Exanple 1, a third stage reactor sanme as the first and second
stage reactors was installed on the downstream si de of the second stage
reactor constituting three-stage reaction steps. Thus the oligonerization
reaction was put into practice under the reactional conditions as given in
Tabl e Lirishérydiamihe, r eacib whalamondi ti ensp hanyheniitia,d sppgadimact ahdwer e
set to a reaction tenperature of 120C , reaction pressure of 65 kg / cm 2
G ( 6.4piMReEline.stirring at a revolutional speed of 500 rpm and conti nuous
supply of highly pure ethylene gas so as to nmaintain the reaction pressure
at 65 kg / chm2th@ puhsehtwenzesdmenastier a hever msin oo esk obaale sitveegs o n
reactors. The reaction conditions and performance results are given in

Tabl e 1treoitpamdt i v £otkamslde by TRiea sprioceduee tinre Exk sripd ef Wlr thesr repeateed t o
carry out the oligonerization reaction except that use was made of a first
stage r@®actle Ragemgcanoilfeatnaind opare asitedoos celefine by gdistiléytion.
therein was set on 500 cc, and a second stage reactor was not used. The
react i ohR€oAGICOVERS darfy §7R Forspdived tr ddid t 4nxead cgedene i 1pledbneare grch

recycled at need through the oligomerization reaction system.

The objective a -olefin oligomers in the present invention
are obtained as desirable mixed products of various a -olefin
oligomers by means of distillation. The mixed products can be
obtained in large amounts as o« -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 « -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 is further supplied with
the o -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

12



Table 1 - ~ Exanple No.123(Supply Anount of Catal yst and Sol vent) (First
- Stage Reactor)Zrcd 4 (nmol/hour)0.080.080. 08Et hyl al um num sesqui chl ori de
(ol / hour) 0. 4360. 4360. 436Tri et hyl al um num

(mrol / hour) 0. 1240. 1240. 124Cycl ohexane (cc/ hour) 700700700( Second St age
Reactor) Zrd 4 (mmol / hour) O00Et hyl al um num sesqui chl ori de

(rmol / hour ) 000Tri et hyl al umi num ( mrol / hour ) 000Cycl ohexane (cc/ hour) 000( Third
Stage Reactor)zZrd 4 (mol/hour)---Ethyl al um num

sesqui ctd artiidey nabhl hotr F he- e 4 etivyd alowme numumroh ¢ bodir - -0 1@f¢ hohgedane
(cc/hour)---(Reaction tenperature) (C)120120120( Reaction pressured (kg /
cnz Q36565 oligtabkeslis QuEpdipd et Noa Chnpt45Eaile. 1ISuppl ya AkoaBntviaf a
Cat al yst and Sol vent) (First Stage Reactor)ZzZrd 4

(ol / our 0 l0 7@ 1080 208EnHy Far the nute sestpicohd ovtiagze flash tank 6 via a
(mol / hour) 0. 3740. 4360. 436Tr i et hyl al um num

( ol / H‘cﬂﬁ&@lﬂellm@: 178ky clighedane odargthe it § 60br0 600 Seeendf1Stdym g,
Reactor)Zrd 4 (mmol [ hour) 0. 010- Et hyl al um num _sesqui chl oride

(ol / OO0t oEDRP PLY ethyhsl AFADS EhABE/ AeuwD dagdsoi vyt dhekarea heat
(cc/hogﬁg 000-%Third t age ReactorZrCI4ﬁ£nnnl/hour)-0-EthylaLuninum
sesqui 2BEEAMDI YN G g-e@-tTPFe% e PR Gnt ¢ B! YHOLH9 ©0- bjehgkexahe

/'hour,) - 0- tjon t t 120120120 tion, d (kg /
o BT § Rkt R G & AP 0 COnBLRILR P bL B3 diphdb 16 weA 17 be 1
-3 Exanpl e .No. 123(Fi rst St React or ) React or | eyel 20023025QReact i
(o (RAGA) PO PRGNl Gt CBFROGF) 1101505t ERE aont P&c ilpaoid

P ti : | 526067 d St React React | | .
(cc) 2507 SDN6HERID N i Rec e L b e FLO0TFAGAEL Prgh RGRGrihe. catalyat is
I'h 7 i i 0y i | ah%6,) 484033( Thi rd St
Roact ot S Feacrir | aush oy Oup AR el 17T, DE RS RN bt B

(g/ houn), »1+React | rat i par.t.i r; i AV
(3 houn)googct ativet e REPPOLL AN LRS! 0 rek Bl § 2GR (Y
8ol i gormIcdverddl (i RYp ¥IIaNt 143 $d2edlO ¢ dtiHs e L tival¥y 8, and then t
wei ght)14.114.014.0fornmed : C 10 to 16 {j by weight)36. 336.436.4C 18 f; & by
vei ght )#4. 84284.e3C 0 and mEter ( cUe D) i el hiohlde Fldn Blg. ¢t PUAI tyo (%0 by
wei ght) 96. 095. 895. 4 - 20

separating tank 15. Therein the o« -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«a -olefin are
fractionated.

In summarizing the working effect and advantage of the
present invention, it is made possible thereby to produce highly
pure o -olefin oligomer free from an impurity in the production of
o -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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Table 'l -4 Exanpl e No. Conp. 45ExNo. 1( First Stage Reactor) React or
.1 evel (cc)250100500Reaction tinme(m nute)25943Reacti ng
wei ght (g/ hour) 12188225Reaction rati o (Proportion)(nolar% )5538100( Second
St age React or Reactor |evel (cc)200150- Reaction tine, (mnute)1713-Reacting
wei ght (g/ hour ) 9981- Reaction ratio (Proportion)(nolar;g )4535-(Third Stage
React or) Reactor | evel (cc)-200-Reaction time(m nute)-17-Reacti ng
wei ght (g/ hour) - 63-Reaction ratio (Proportion)(nolars )-27-Catalytic
activity (kg/g
ZrC 4)12.313.012.6. .. ... . .. o .. e e e e

: Example 1

wei ght) 15. 615. 115. 4t hus C Sg%by wei ght) 14. 213. 914. 1formed ; C 10 to 16(~by
vei ght ) 36. 336! 4860 8¢ mgllidyteri Ghd)afbuslose gwippednay itdy e Hfyrrer were
meight)%%ggég+l%f.4c 18 pugity(egy wei ht)95'992ﬁ%94'5 HRﬁ;grks} Conp.

ExNo. 1:! @9 v BddhpRemPspiere | RIHUITRICAL: L et L THe ogyiesent
invention relates to a_ process papl e of producing a highly pure and high
qual i tyedraghderidg a Ty t@@gsg af doriotficiodg & dhe exeldienarpegl er
based catg{yzt, an -OLgfin ol i goner which has unsaturated doubl e bond and
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ethylaluminum sesquichloride [(C,H ), Al, Cl,], wherein the

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 mixture 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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1 .- A process for producing an a -olefin oligonmer which conprises
:subjecting an a -olefin to oligonerization reaction in an organic sol vent
in the presence of a Ziegler based catal yst, wherein said oligonerization
reaction is carried out through nultistage reaction steps, and the cx
-olefinis supplied to each of the reaction steps. 2 . The process for
producing an a -olefin oligoner according to Caiml1, wherein nultistage
reaction steps are two-stage reaction steps. 3 . The process for producing
an a - élebsnqaleingdyera adebimditeg 4 moGlimt M(20 0wker Biom 1) he fr edcd | onpd 1yrtati o of
the ol igomerizing reacting weight in the first reaction step to the
ol i gomeralzitngnr et i fregl viei giite ifir & hes teaponck aeant.i ol Beepligsm aritziagis ange
of 30 : 70 to 70 30. 4 . The process for produci ng ana
-ol ef i H@lacfompr aceor el nytegl @i by whkirgnoutiermaletishatiey wshctrioon sheps
are carrl ed outbyusing nultistage reactors.5 . The process for producing
ana - olféf s hdttiagemseaceor dinbi bOrsigh i tinget ke nlighdd level to a constant
mul tista reactorscon5| stof two-stagereactors arranged in series.6 . The
procesy & p‘rnodﬁ’cﬁ rfgrahast%s@ffmﬁcg\brrema%wmhgtw then decomdretmgeai d a
-ol efinas thest ar mat eri al i set hyl ene.
AF3e A8 845108 }-‘QU;} ' ASR Hrle tAG) ARSA. A@WAéh@ gemgtiamngl soURiAfoys AyAR
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<>COeztl8|°Ji UHLOE RS %é@]ocfh]temeaﬁé% ead b djZ&Foareartion dhl]q,\‘“aﬂ‘braﬁ ©d] €8] calc

:]ﬁ%ﬁc Bf?lﬁ; cdredr fgl@itgg]c %Cf‘%tﬁi? S0 A Ao edrcap Rl capespicaf B ea) cal
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N- N NbNnNpNTTUUZZ_aavcdee oj e ca] cal ca] cMalcaJcnal ca
1 ca] calGakeak6akeal CAh 8" 850 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 treatment of catalyst]

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 100C at 4 kg / e¢m
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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calculation through Schultz *+ Flory distribution from the result of
gas chromatography for C-10 and more based on the operational
loss. The results are given in Table 1.
Further in order to determine the reacting weight in the first
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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second stage reactor through the branched lines. The reaction

conditions and performance results are given in Table 1.

Example 5

In carrying out the oligomerization reaction in Example 1, a
third stage reactor same as the first and second stage reactors was
installed on the downstream side of the second stage 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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NFHLO%H& () - % NF#109%6& () -\ _"}aAvU4/ Nf$#1006& ()- f$#10%4& () -

CESHL10%E () - fSHLI0%E ()- )21 "#96 $#10%:& () - }aE)f $#10%:& () - fS$H#H10%H& () -
f$#10%& ()- fS#10%:& ()- fS#10%t& ()- )21 " #% $#10%t& () -

VV6) f $#10% $#10%4& () -

T able 1-22

Example No. Comp.
4 5 ExNo. 1
{Supply Amount of Catalyst and Solvent)
(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 Q —
Ethylaluminum sesquichloride (mmol/hour) 0.062 0 —
Triethylaluminum (mmol/hour) 0.018 Q —
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



f$#109%&' () - fSH#10%H& ()- fSH#10%H& ()- fSH#10%H& () -

1) 21" #( 19FGzZ>) f $#1096 $#100%6t& () - f$#10%& () - f$#10%1& () - f$#10%t& () -

f $#100%&' ()- ) 21" #GHef ghi ~bF) f $#1096 $f $#100%&' () - f$#10%t&' ()- f$#10%t& () -
f$#10%t&' ()- f$#10%t&' () -

Table 1-3

Example No.
1 2 3
(First Stage Reactor)
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 (ninute) 21 20 17
Reacting weight (g/haur) 110 92 74
Reaction ratio (Proportion) (molar9 ) 48 | 40 33
{(Third Stage Reactor)
Reactor level (cc) —_ — _
Reaction time (minute) — — —
Reacting weight (g/hour) — — —_—
Reaction<Fatio(Proportion) (molar9g ) —_ — —
Catalytic activity (ka/g = zrCly) | 12.8 | 12.9 | 12.6
« -Olefinica (% by weight)| 15.0| 14.7 | 14.8
oligomeré C 6 (9% by weight) 15.4 15.2 15.2
thus é C 8 (9%¢ by weight) 14.1 14.0 14.0
formed §C 10 to 16 (% by weight) 36.3 36.4 36.4
EC 18 (% by weight) 4.8 4.9 4.9
EC 20 and more (9% by weight) 14.4 14.8 14.7
§C 18 purityv (9% by weight) 96.0 95.8 95.4




) 21" #i j vV6) f $#1096 $#10%#&' () - fS#10%H&' () - fSH#10%H&' () - fSH#10%H& () -
FSHLI09%& ()- )21 "#zZ: ) $#1096 SH109%& () - fSH10%H& ()- fSH#10%H&E () -

f $#10%& ()- fS#10%& ()- )21 " #fJ)f $#10% $#10f $#10%:& () - $f $#10%t&' () -
f$#10%t&' ()- fS#10%t&' () -

T able 1-4

Example No. Comp.
4 5 ExNo. 1
(First Stage Reag}or)
Reactor level (cc) 250 100 500
Reaction time (minute) 25 9 43
Reacting weight (g/hour) 121 88 225
Reaction ratio (Proportion) (molar9% ) 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) (molar9% ) 45 35 —
{Third Stagerkéactor)
Reactor level (cc) — 200 —
Reaction time (minute) — 17 —
Reacting weight (g/hour) —_ 63 —
Reactionfatio(Proportion) (molar9% ) — 27 —
Catalytic activity (ke/g + zrcly) | - 12.3 | 13.0 | 12.6
@ -Olefin ic a4 (% by weight)| 15.2 | 14.6 | 14.9
oligomer | C 6 (% by weight)| 15.6 | 15.1 15.4
thus éC 8 (9% by weight) 14.2 13.9 14.1
formed EC 10 to 16 (9% by weight) 36.3 36.4 36.3
é C 18 (% by weight) 4.8 4.9 4.9
g C 20 and more (% by weight) 13.9 15.1 14.4
;C 18 purity f%; by weight) 95.9 96.3 94.5
{Remarks} Comp. ExNo.1: Comparative Example 1
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producing a highly pure and high quality « -olefin oligomer in the
case of producing by the use of a Ziegler based catalyst, an o
-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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CLAIMS
1. A process for producing an o -olefin oligomer which comprises
subjecting an « -olefin to oligomerization reaction in an organic
solvent in the presence of a Ziegler based catalyst, wherein said
oligomerization reaction is carried out through multi-stage
reaction steps, and the « -olefin is supplied to each of the reaction
steps.
2 . The process for producing an « -olefin oligomer according to
Claim 1, wherein multi-stage reaction steps are two-stage reaction
steps.
3 . The process for producing an « -olefin oligomer according to
Claim 2, wherein the reactional ratio of the oligomerizing reacting
weight in the first reaction step to the oligomerizing reacting
weight in the second reaction step is in the range of 30 : 70 to 70 :
30.
4 . The process for producing an a -olefin oligomer according to
Claim 1, wherein the multi-stage reaction steps are carried out by
using multi-stage reactors.
5. The process for producing an o -olefin oligomer according to
Claim 4, wherein the multi-stage reactors consist of two-stage
reactors arranged in series.
6 . The process for producing an « -olefin oligomer according to
Claim 1, wherein said o -olefin as the starting material is

ethylene.
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