"DESCRI PTION  PROCESS FOR PRODUCI NG AN a- OLEFI N OLI GOVER TECHNI CAL FI ELD
~The present invention relates to a process for producing an aﬂ”ﬂMMMMNMWMMI
ol i goner and, nore particularly, to a process for producing a

.ol igonmer useful as the raw material for high polyners, plasticizersasnd
surfactants while the generated heat is renoved by using an external heat
exchanger, wherein troubles caused by precipitation of polyners in the
externally circul ati ng heat exchanger is prevented and a stabgmwmmﬁmm' s
operation can be continued for a:%ggguh: Ob@ACKGROUND ART a- ' “mmmm
ol i gomers having a double bond an carbon atons are usef Wsypozn
subst ances wi dely used as nononer materials for olefinic polyners,
conmononers for various high polyners and materials for plasticizers and
surfactants. TheprOCESSFOR! PROBGOINE RN)&@EEFINrpLGGWIﬁR

ol i gonerization of a-olefins used as the raw materitals Int presence of
a Ziegler-based catalyst. Since the oligonerization of an a-olefin is an
exotherm c reaction, it is necessary that the oligonerization be conducted
whil e the TECHMNIEAINFEELDs suitably renoved when a continuous operation
I's conducted in the industrial scale. Exanples of the process for renoving
the generated h&ae preséntdmventioprmises to@opricess fig woducing ay oislefip a

j acket of the reactor and the process conprising formng a circulating

f1 ow r out eokigemer rnd; emoreparticalarly, to a process for producing an a-olefin

oligomer useful as the raw material for high polymers, plasticizers and
surfactants while the generated heat is removed by using an external heat
exchanger, wherein troubles caused by precipitation of polymers in the
externally circulating heat exchanger is prevented and a stable

continuous operation can be continued for a long time.

BACKGROUND ART

a-Olefin oligomers having a double bond and 4 to 24 carbon atoms
are useful substances widely used as monomer materials for olefinic
polymers, comonomers for various high polymers and materials for
plasticizers and surfactants. The a-olefin oligomers are produced, in
general, by oligomerization of a-olefins used as the raw materials in the
presence of a Ziegler-based catalyst. Since the oligomerization of an
o-olefin is an exothermic reaction, it is necessary that the oligomerization
be conducted while the generated heat is suitably removed when a
continuous operation is conducted in the industrial scale. Examples of
the process for removing the generated heat include the process
comprising cooling by using a jacket of the reactor and the process

comprising forming a circulating flow route from the reactor to an



"1 external heat exchanger and then back to the reactor and renoving the
.generated heat in the external heat exchanger (hereinafter, this process
will be occasionally referred to as the externally circul ating heat
.exchanger process). On the other hand, it is inevitable in the

ol i goneri zation that a considerable anobunt of polyners are fornmed as

byproducts. The

pol ynmers formed as byproducts occasionally cause probl ens

in the production in that the polyners adhere to the reactor and ot her

apparatusegx&gﬁa
above procésses
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clogging o

he circulating I1ne of the apparatuses “frequent ari ses.

DI SCLOSUREe&dhalider IphWyENE).ON As descri bed above, it has been desired that,
when the heat generated by the reaction is renoved in accordance with the
externally cir©Ou éhé nghbedandidbdsdaevipableeis tha dipentdrigair that iaon of an
a-olefin in the presence of a Z egler-based catalyst, precipitation of

pol yner s i consiggaambdd usemuhbr of hpolyrmmdtechrenfarndd ass thypredtetsnal Theat
exchanger and troubl es caused thereby are prevented and a stable

cont i nuouspolyarexsi dormednadebyproductse dctasionallpngansereproblenpr bs etite

I nvention has been nmade. to overcone the _above problem
production in that the polymers adhere to the reactor and other

apparatuses for the production and the apparatuses are clogged.

Among the above processes for removing the generated heat, the

externally circulating heat exchanger process is more frequently used
since a greater heat transfer area can be obtained. When this process is
used, the above problem of precipitation of polymers inside the heat
exchanger and clogging of the circulating line of the apparatuses

frequently arises.

DISCLOSURE OF THE INVENTION

As described above, it has been desired that, when the heat
generated by the reaction is removed in accordance with the externally
circulating heat exchanger process in the oligomerization of an a-olefin in
the presence of a Ziegler-based catalyst, precipitation of polymers in
apparatuses for the production such as the external heat exchanger and
troubles caused thereby are prevented and a stable continuous operation
can be conducted for a long time. The present invention has been made
to overcome the above problem.

The present invention has an object of providing a process for



"The present invention has an object of providing a process for 2 producing
van a-olefin oligoner in accordance with which precipitation and adhesion
of polymers in apparatuses for the production such as an external heat
.exchanger and troubl es caused thereby can be prevented and the stable
continuous operation can be conducted for a long tinme. As the result of the
I ntensive studies by the present inventors to achieve the above object, it
was found that, in the oligonerization of an a-olefin in accordance with

h | | ' | at i h h .th b bj b
achi oved by RErARE T i OFBomEE Su AR dagke AR Syt BaPDUB BN € ucTon
at the outlah0hn! B [AIFAL ,C RBGLARELOKLNERE LM ALLAN ANt afd at the
outlet of the extern eat exchanger wthin each speciTic range. he

present i nygpbdngD A e&ﬁangsggpﬁdeh% HRaS 8 %@%@Wn@ﬂ %Qg;grevzh ey&)resent

I nvention provides a proces produci ng an a- n ol I gomer

ol i goneri zahijahe¥taBlR @melfdul dperatibh 888 Heotlludted P9 lflonBasgd, catal yst,
the process conprising introducing at |least a portion of a reaction

product which i a\st theeReditlt offtha irResdios B0didadsy ahé eifessad ivendbrs #6L5C or
hi gher is introduced into an external heat exchanger, cooling the

i nt r oduced achwtithe gboduocbjectyat wad fourgl ahatglingdnesligaherinatoh wfiaan taken
out of the external heat exchanger at a tenperature of 110C or higher and
returni ng atolefiasin aageordarmme wofith Hheokkiponelly zercwating heabrexchangee
reactor. BRI EF DESCRI PT| ON OF THE DRAW NGS Figure 1 shows a schematic
process di RYeeaspexthodi abpge agbject can be achieved by maintaining the

temperatures of the oligomerization solution at the outlet of the reactor
connected to the circulation route and at the outlet of the external heat
exchanger within each specific range. The present invention has been
completed based on this knowledge.

The present invention provides a process for producing an o-olefin
oligomer by oligomerization of an a-olefin in a presence of a Ziegler-based
catalyst, the process comprising introducing at least a portion of a
reaction product which is taken out of a reactor and has a temperature of
115°C or higher is introduced into an external heat exchanger, cooling the
introduced reaction product, maintaining an oligomerization solution
taken out of the external heat exchanger at a temperature of 110°C or
higher and returning at least a portion of the oligomerization solution to

the reactor.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic process diagram exhibiting an
embodiment of the apparatus for conducting the process of the present

invention.



“enbodi nent of the apparatus for conducting the process of the present
invention. 3 THE MOST PREFERRED EMBCDI MENT TO CARRY OUT THE | NVENTI ON The
present invention will be described in nore detail in the following. In
.the present invention, the ovolefin oligonmer is obtained by

ol igoneri zation of an a-olefin in the presence of a Ziegler-based catal yst.
The Ziegl er-based catal yst conprises a conbination of (A) a transition
nmet al compound, (B) an organoal um num conpound and (C) a third conponent
which is used where desired. As the transition nmetal conpound of conponent
(A), a conpound represented by the followng general fornmula Wis used.

MO Wil | D SPOYREPERIED MNIBPISARRAPT Z16F OBAWRS ORI rihant um
atonm, Y Ry RO, R2N, -OCOR, -GSO3R, R-, -Cp (cyclopentadienyl)
(R representing a I'inear or branched al kyl group having 1 to 20 carbon

atons) or a P-drketpnabs: rareessnt el e fdiserbad (P m&C dédti] LinRtRe 4

following.

In the present invention, the o-olefin oligomer is obtained by
oligomerization of an a-olefin in the presence of a Ziegler-based catalyst.
The Ziegler-based catalyst comprises a combination of (A) a transition
metal compound, (B) an organoaluminum compound and (C) a third
component which is used where desired. As the transition metal
compound of component (A), a compound represented by the following
general formula (I) is used.

MX,Y,O, D
[in the above formula, M represents zirconium atom or titanium atom, X
represents a halogen atom (chlorine atom, bromine atom or iodine atom),
Y represents RO-, RyN-, ~-OCOR, -OSO3R, R-, -Cp (cyclopentadienyl) (R
representing a linear or branched alkyl group having 1 to 20 carbon

atoms) or a p-diketonate represented by formula (II):

Rl
— Of—_0<
S
\o__C e
\R3

(ID)



“(in formula (11), RL, R2 and R3 each independently representing hydrogen
ratom an al kyl group having 1 to 20 carbon atons or an al kyl group having
1 to 20 carbon atons and substituted with a hal ogen atom and one of Rl, R2
.and R3 representing an al kyl group having 1 to 20 carbon atons and
substituted with a hal ogen atom), x, y and z represents an integer of 0 to
4 and x+y+z=41. Specific exanples of the above conpound include Zrd 4,
ZrBr4, Zrl4, zZrBrd 3, ZrBrZCI 2, Tid4, TiBr4, Til4, TiBrd3, TiBr2d 2,

21 (02H8) 4, L KRERIB 8, nE e o D o R DB L2 e hdrogen,
21 (O 1 50- AR ne? 30! BRATKIBNAD 3 o AOho8ds B er an i) group

Zr ((iso- @Héb?xl%i‘ o éfo(cfa!}b% 'a%l%%')a&xd éit(s(tit%éd %ﬁ?h%@légerléﬁo%%@@}e‘m
Zr (OSOBC2HB) 4, 2t (OSOBC3HY) 4, Zr ( 2C12,° Zr Cp2CiB

Ti (OC2H5) 4 of Ril( Q%hlﬁi) Rmr%pre-rdeﬁ g&ﬁﬂdmﬁ C%rghggﬁdhﬁ?Wt)ozﬁ darbon atoms
Ti (O so- CSH7)4 Ti (Oiso-C3H7)2C 2, Ti O n- C4H9) 20 2,

Ti (O i so- CAhf)shbsTit(ed Wﬁh@ﬂ&)c%@h%tpiﬁ)( ¥ ahﬂ-z%ﬁé&nts an integer of 0
Ti (O tert-CAH9) 2A 2, Ti ((CH3)2N)4, Ti ((C2H5)2N) 4, ' Ti ((n- C3H7) 2N) 4,
Ti ( (i so- C360)2Mnd, x¥y{-in4]04lﬂﬁ>)eﬂﬂﬂc4exél’in@(lésebf B4 HIHAN) domPoABARCHRYel 4

2 ( Caacare7aO\r feBoco By 0 BrElpOBBsebs, T liordtBier) ki, THBECly
Ti ( Goocets aBrﬁlem‘é%@@ lr“ﬁ?z%ﬂ%@—%{é%ﬁé%§13H7>2012,
27 @ 2( HoooRRy SO Sl sesbotiels) POk bl o P LR SublalSleum num
compound Oer@n}%f}r@‘{ﬁg)&,B) | ncl uglgocpagreyads, cl,, Zr(O-tert-C Hg)y,
Zr(O-tert-C4Hg)9Cly, Zr((CHg)eN)y, Zr((CoHp)oN)y, Zr((n-CzHyp)oN)y,
Zr((iso-C3H7)oN)y, Zr((n-C4Hg)oN)y, Zr((tert-C4Hg)oN),, Zr(OSO35CHj)y,
Zr(0S04CoHy),, Zr(0S04CsH,),, Zr(0S04C,Ho),, ZrCpyCly, ZrCpyClBr,
TiOCoHy),  TiOCoHCly, Ti(O-n-CgHo),  Ti(O-n-CgHo)oCly,
Ti(O-iso-CgH7)y, Ti(O-iso-CgH7)9Cly, Ti(0O-n-C4Hg)y, Ti(O-n-C4Hg)oCls,
Ti(O~iso-C4Hg)4, Ti(O-iso-C4Hg)9Clo, Ti(O-tert-C4Hg)y,
Ti(O-tert-C4Hg)oCly, Ti(CHpsN), Til((CoHeoN)y, Ti(ln-CsH)pN)y,
Ti(Gso-CsHp)oN)g Tilln-C,Hg)oN), Tilltert-C4Hg)oN)y, Ti(OSO5CH,),,
Ti(0S03C,Hy),, Ti(0SO5CsH7), Ti(0SO4C,He)s TiCpsCly, TiCpoClBr,
Zr(0COC,Hy),, Zr(OCOC,Hy)oCly, Zr(OCOCgH,),, Zr(OCOCsH),Cly,
Zr(OCOC3H,),, Zr(OCOCH-)oCly, Zr(OCOC,Hg),, Zr(OCOC,Hg)Cly,
Ti(0COC,Hy), Ti(OCOC,Hy)oCly, Ti(OCOCsHz),; TiOCOCsH)oCly,
Ti(OCOC3Hy), Ti(OCOC3H)sCly, Ti(OCOCHg),; Ti(OCOCHg)oCly,
ZrClo(HCOCFCOF), and ZrCly(CH3COCFCOCH3)s. Examples of the

organoaluminum compound of component (B) include compounds

represented by the following general formula:



‘represented by the follow ng general forrmula: 5 AlYaXbCcNd (I111) [in the
:above fornula, X represents a halogen atom (chlorine atom brom ne atom or
iodine atom), Y represents RO, RZN-, -OCOR or R- (R representing a |linear
.or branched al kyl group having 1 to 20 carbon atonms), a, b, ¢ and d each
represent an integer of 0 to 3 and atb+c+d=3] and/or a conpound
represented by the follow ng general formula: Al2Ya' Xb' Cc, Nd' (IV) [in the
above formula, X represents a hal ogen atom (chlorine atom brom ne atom or
i odine atom, Y reprg&gqgggﬁﬁé, R2N-, -@POR -RCOCR COR' or R- (R, R and
R' each representing a fihear or branched al kyl group having 1 to 20

carbon at offp) ¢thé& abdve f&rm@Rd ¥’ r@;ﬁ%gent(riear ﬁ%ﬁfgtena'&t&g;@(ﬂﬁf)riﬂg Qt%otn?, 6 and

a' +b' +c¢' +d" =61. ExanSIes of the conpound represented general tormula
(111) incl hoeniie Sdd) By iedinE2t6nD, YApEasdt)ts RO ¢j ReNCIHOGOR xQRHIR3,

Al (i so-C4H9) 3, Al (C5H11) 3, Al (C6H13) 3, Al (C8HL7) 3, Al (C2H5) 2C1,

Al ( C2H5) 2Brephleb&iatiBy 24 , 1hdeE2bB)idaachbd GAlS) Birdupl (45AH3) 11 2t0 ADCIAIHORC2HS) 2,
Al C2H5( OC3H7) 2, Al C2H5( OC4H9) 2, Al (OC2H5) 2C1, Al (OC3H7) 2C1, Al (OC4H9) 2C1,

Al (OC2H5) Cathm4), @OB3 17316 A, eachl {PEAHNICAR ,intskE? HE (00324145 A+b+ct+d=3]
A1C2H5( OCOC3H7) 2, A1C2H5( OCOCAHI) 2, Al (OCOC2H5) 2C1, Al ( OCOC3H7) 2C1,
Al (oCOCAHORa DY artanBBCRHEGE Sentald(CdEsfdlo@iag gah¢ AdMNA)C12,

Al (C2H5) 2002H5, AI(%@Z@;%NAI(CZHS)& HO, Al (C2H5) 2N( C2Hb) 2,
Al (C2H5) 2N( C3H7) 2 an g ( C4AHO) 2. anpl es of the conpound
[in the above formula, X represents a halogen atom (chlorine atom,

bromine atom or iodine atom), Y represents RO-, RoN-,
-OCOR, -RCOCR'COR’” or R- (R, R’ and R” each representing a linear or
branched alkyl group having 1 to 20 carbon atoms), a’, b’, ¢ and d’ each
represent an integer of O to 6 and a’+b*+c’+d’=6].

Examples of the compound represented by general formula (III)
include AI(CHg)s, Al(CoHjy)z, Al(CgHp)3, Al(iso-CgHq)s, Al(C4Hg)s,
Al(iso-C4Hg)3, AN(CsHpps, AlCgH;g)3, Al(CgHyp)s, ANCyHp),Cl,
Al(CoHg)oBr, Al(CoHg)ol, Al(CoH5)Cly, Al(CoHg)Brs, Al(CoHy)Io,
AICoHR(OCoHy)g, AlCoH5(0C3H7),, AICH5(OC4Hg)y, AI(OC5H5),Cl,
Al(OC3H7),Cl, AI(OC4Hg),Cl, Al(OCoH;)Cl, Al(OC3H,)Cl,,
Al(OC4Hg)Cl,, AlC,H5(OCOCyH5p),, AICH5(OCOCgHy)s,
A1C,H5(0OCOC Hy)o, Al(OCOC3Hg),(l, Al(OCOC3Hp),Cl,
AI(OCOC4Hy)yCl, AI(OCOCHE)Cly, AOCOC3H7)Cly, AOCOC4Hg)Cly,
Al(CoHE)o0CoH;5, Al(CoHy)oOC3H 7, AN(CyHg)sOC4Hg, Al(CoHpg)9N(CoHy)s,
Al(CoHp)9oN(C3H7)g and AN(CoHg)oN(C4Hg)s. Examples of the compound
represented by general formula (IV) include Aly,(CHg)Clg, Alo(CHg)gBr3,
Aly(CoHp)5Clg, Aly(CoHg)3Brs, Aly(CoHp)sl5, Aly(CoHj)9BrCly,
Aly(C3Hy)3Clg,  Aly(iso-C3Hyp)3Cls, Aly(C4Hg)3Clg, Aly(iso-C4Hg)3Clg,



"represented by general formula (I1V) include A12(CH3) C13, A12(CH3)3Br3,

LAl 2(C2H5) 3C13, A12(C2H5) 3Br3, Al2(C2H5) 313, Al2(C2H5)2BrCl2,

Al12(C3H7) 3C13, Al 2(iso-C3H7)3C13, A12(CAH9)3Cl13, Al2(iso-C4H9)3C 3, 6

A 2(C5H11) 3 3, Al 2(C8HL7)3C 3, Al 2(C2H5)2(CH3)d 3, Al2(OC2H5) 3C 3,

Al 2(OC3H7) 3C 3, Al 2(OC4H9) 3C 3, Al 2( OCOC2H5) 3Cl 3, A12( Q00OC3H7) 31 3 and

Al 2(0OCOC4H9) 3C1 3. As the third conponent of conmponent (C) used where
desired, at |east one conpound sel ected from sul fur conmpounds, phosphorus

d ' . '
contri but e SOPHREE GOl P L L AP e o
th d ' ' L@ th
Sul 1 or cormaRa L Bt GAnbeb Ak orBonnd Ao eat e CORARIERY “Sueh

as di net hyhnéLAlFGGEOO;j" {01, sul fide, dipropyl sulfide, dihexyl sulfide,
di cycl ohexyl sulfide and di phenyl thioether; dialkyl sulfide conmpounds

such as di met hy s dirsutifibal@ontidtiont! ofticttbdhelf (I REQPHhatbstdiicte asdi but y!
di sul fide, dihexyl disulfide, dicyclohexyl disulfide and ethyl nethyl

di sul fide ldasppbasesofipoinds ddle@pheTfom2-sifuty | domRliRIRe. phosphorus
3- et hyl t hi ophene, 2, 3-di net hyl t hi ophene, 2-ethylthi ophenepandp

benzo- t hi opdrepeundeaadogittddets sathponindo opnbedasadicTlas thirdt conhyshieaithi ophene
and thiopyran; aromatic sul fur conmpounds such as diphenyl sulfur, diphenyl
di sul fi de, cordtribritephe it idippovémeat andheeqimlity ghidrey b-defif wligonteroefr ea; and
sul fides such as nethyl sulfide, ethyl sulfide and butyl sulfide; are

pr ef er abl ythgspepduct.

The sulfur compound is not particularly limited as long as the
sulfur compound is an organosulfur compound. For example, thioethers
such as dimethyl sulfide, diethyl sulfide, dipropyl sulfide, dihexyl sulfide,
dicyclohexyl sulfide and diphenyl thioether; dialkyl sulfide compounds
such as dimethyl disulfide, diethyl disulfide, dipropyl disulfide, dibutyl
disulfide, dihexyl disulfide, dicyclohexyl disulfide and ethyl methyl
disulfide;  thiophenes such as thiophene, 2-methylthiophene,
3-methylthiophene, 2,3-dimethylthiophene, 2-ethylthiophene and
benzo-thiophene; heterocyclic sulfur compounds such as
tetrahydrothiophene and thiopyran; aromatic sulfur compounds such as
diphenyl sulfur, diphenyl disulfide, methyl phenyl disulfide and methyl
phenyl sulfur; thiourea; and sulfides such as methyl sulfide, ethyl sulfide
and butyl sulfide; are preferably used.

The phosphorus compound is not particularly limited as long as the
phosphorus compound is an organophosphorus compound. For example,
phosphines such as triphenylphosphine, triethylphosphine,
tributyl-phosphine, tripropylphosphine, trioctylphosphine and
tricyclohexyl-phosphine are preferably used.



'~ Thé phosphorus conpound is not particularly imted as |long as the

. phosphorus conpound is an organophosphorus conpound. For exanpl e,
phosphi nes such as trip henylp hosp hine, triethyl phosphine,

.tributyl -phosphine, tripropyl phosphine, trioctyl phosphi ne and
tricycl ohexyl - phosphine are preferably used. 7 The nitrogen conpound i s not
particularly limted as long as the nitrogen conpound is an organonitrogen
conpound. For exanple, organic am nes such as nethyl am ne, ethyl am ne,

propylam ne, b | ani ne ent yl agi.ne, hexylanine,..cyclohexyl am n

octyl anine, decyfa Tﬁ%g,e’naﬁ?rppﬁgfl B&r3Sh Bﬁ%hceu,r{laﬂgp]ﬁ?%gﬂdgﬁ? ﬂéng as'the

di met hyl am.k i y N | b ' i 1 N

met hyl pherrln'fllptgﬁgenrg, 8&?#{%% h% aér# n%&fg%in rglmet? ﬁ%ﬁrgm @é’*@bu%‘ﬂraﬁx%g}ple,
triphenyl agifghic PY4rhfidie s RisCOMRBvRhEnR! efehdllYindse n}IE) 1gePr esent
i nvention, aérfﬁélnlg the above sul %&r cc?rrp%uﬁg,’ Sho@ph%ipu’s g)go %lanc"se’and
nitrogen cppAdAfise, OE_sngﬂaﬂiQﬁ@, CREBANRERe, S@cRHSSarhtie, ©XR0ALRInET OM

di met hyl disul fide, thiophene, thiourea, ‘trip henylphosphine,

tributyl phdsgfaftine] r ia@liné phbspiiiaminasd aabhtidasiiae, Mdigephiyhafiabl y used.
The ol igonerization of the crolefin is conducted, in general, in an

organi ¢ soldvethylamienpl elibofylhhgner gadipheaglamgive, i nahethylphemtlagiinhe,
paraffins such as cycl ohexane and decal i ne; aromatic hydrocarbons and
aromat i ¢ hydmethylzommes uivsthylarechen tribwyteahonge trmhemydamides) zpymadine ol uene,
xyl ene, chl orobenzene, ethylbenzene, dichlorobenzene and chl orotol uene;

al i phati c padafieoline sxcpreferaldyused, hexane, hept ane,

In the present invention, among the above sulfur compounds,
phosphorus compounds and nitrogen compounds, one or more compounds
selected, for example, from dimethyl disulfide, thiophene, thiourea,
triphenylphosphine, tributylphosphine, trioctylphosphine and aniline are
more preferably used.

The oligomerization of the a-olefin is conducted, in general, in an
organic solvent. Examples of the organic solvent include naphthenic
paraffins such as cyclohexane and decaline; aromatic hydrocarbons and
aromatic hydrocarbons substituted with a halogen such as benzene,
toluene, xylene, chlorobenzene, ethylbenzene, dichlorobenzene and
chlorotoluene; aliphatic paraffins such as pentane, hexane, heptane,
octane, nonane and decane; and haloalkanes such as dichloroethane and
dichlorobutane.

In the present invention, the relative amounts of component (A),
component (B), component (C) and the organic solvent described above as
expressed by the amounts per 250 ml of the organic solvent are as follows.
The amount of component (A) is, in general, 0.01 to 5 mmole and

preferably 0.03 to 1 mmole. The amount of component (B) is, in general,



octane, nonane and decane; and hal oal kanes such as di chl or oet hane and
.dichlorobutane. In the present invention, the relative anmounts of conponent
(A), component (B), conponent (C) and the organic solvent described above
.as expressed by the anounts per 250 ml of the organic solvent are as
follows. The anount of conponent (A) is, in general, 0.01 to 5 mmole and
preferably 0.03 to 1 mmole. The anmount of conponent (B) is, in general, 8
0.05 to 15 mmol e and preferably 0.06 to 3 nnole The amount of conponent

he sul fur O8BmiBut Wesdle; fad ”Ke'ﬁ'ea%bz‘“@g@a 9 binent &8sl o o5 1o 5
Companent | PeEoRRA SOP R, SRTRRIH, 30.05 15, P SROR KA R 00w afbonen:
(B)_descriagicahks, sSR! oGilKBRhARA Hﬁbmsa%'obé i§ AeB%G LB APARRNen L he

ratio of t anount by no to t e anount by no s set

in the range) ghd b.09 td% mlﬁsleodvheﬁrfﬁ@umfdg@ﬁ Qmpdurd 8F €hé DHIEphSRIPT €SENt

invention is conducted at a tenperature of 115 to 160" C under a pressure

of 2.94 tocop8adndPausddescempbhent (Cre cannot be general |y deci ded since
the reaction time is different depending on the tenperature and the

pressure. The Assfodeheerdlative iamoinetsr efciraponentabhliandOcdopbitkerti (B)t es. The
a-ol efin oligoner obtained in accordance with the process of the present
i nvent i on desniliesleabanas, ifantheryabmndtgedusyrasmits ¢y bagpbtanredmwhen thar bon
atons and, nore particularly, 4 to 18 carbon atons. This

ratio of the amount by mole of Al to the amount by mole of Zr or Ti is set

in the range of 1 to 15.

The oligomerization of an a-olefin of the present invention is
conducted at a temperature of 115 to 160°C under a pressure of 2.94 to
8.82 MPa. The reaction time cannot be generally decided since the
reaction time is different depending on the temperature and the pressure.

The residence time in the reactor is about 10 to 60 minutes.

The a-olefin oligomer obtained in accordance with the process of the
present invention comprises various types of oligomers having 4 or more
carbon atoms and, more particularly, 4 to 18 carbon atoms. This
ethylene oligomer is formed as a mixture of these oligomers.

In the process of the present invention, the externally circulating
heat exchanger process in which a circulating flow route from the reactor
to an external heat exchanger and then back to the reactor is formed and
the generated heat is removed in the external heat exchanger is adopted
to remove the heat generated by the above reaction. The externally
circulating heat exchanger process will be described with reference to

Figure 1 in the following.

Figure 1 shows a schematic process diagram exhibiting an



“ethylene oligoner is formed as a m xture of these oligoners. In the process
.of the present invention, the externally circulating heat exchanger
process in which a circulating flowroute fromthe reactor to an external
-heat exchanger and then back to the reactor is formed and the generated
heat . is renoved in the external heat exchanger is adopted to renove the
heat generated by the above reaction. The externally <circulating heat

exchanger process will be described with reference to Figure 1 in the
foll ow
enbodi mon; BPo hieds SEME SRSRCE A BhAGGHTE UERARAD! e A0 )

i nventi on. 1ﬂ\fén'fi(ﬂlurqn1F1 =01 I3R! Greathy Silvechudy GaLARI %hﬂbhngkyare

suppl ied to a reactor roman organi c solvent tan and a cat st tank

2, respect gy dﬁwed e atﬂaacfo@aa:h% dn ARafiCddi Mt Bk MantacABIGH @hnk S
supplied and the oligonerization is conducted under the condition

descri bed apquéspectivelyne TeagHeOreadbr €Xt gh N@olsfin cdd dhé Ofavs \iahRFLopPOosed
of an external heat exchanger 4, an external circulation punmp 5 and a

val ve 6 i ssappliettend lid esligdredbadoneis zwnidaotdds wedetuched comdigiomanner
such that a prescribed residence tinme of the crolefin used as the raw

mat eri al i desuriwldyalamiel eRedthienreinbtorpaasatemalicitctatian aystem eomposed
solvent, the oligonerization solution is taken out of the reactor 3 by the
external ef poutxternal peap eSchangarr 4nshegxterhalociréridationepwalp heand exchanger
4. In the external heat exchanger 4, the heat is rermved wi th a cool ant
such as wa%]éne %rﬁjccgt@&m%ndé\fthb the eligemetization isieen dnetdniay 8 zeanusy

solution is t constan The flowrate of the circulatjon i.s adjusted b
sui t abl y such E%Plat a prescr&bed residence t{ame o(%' the a- c():leEin useci as the ra{zv y

material is surely achieved in the presence of the catalyst and the solvent,
the oligomerization solution is taken out of the reactor 3 by the external
circulation pump 5 and transferred to the external heat exchanger 4. In
the external heat exchanger 4, the heat is removed with a coolant such as
water and steam and the temperature of the oligomerization solution is
kept constant. The flow rate of the circulation is adjusted by suitably
operating the valve 6 so that the temperature of the reaction solution at
the outlet of the heat exchanger 4 is kept constant. The external heat
exchanger which can be used in the present invention is not particularly
limited. For example, a heat exchanger of the multi-tube type, a heat
exchanger of the double tube-type or a heat exchanger of the spiral type
can be used.

After the above oligomerization has been completed, for example,
the oligomerization solution is transferred to a flasher 8 for degassing
treatment so that the liquid level of the reactor 3 is kept constant by the
valve 7.

The process of the present invention is characterized in that, for

10



"operating the valve 6 so that the tenperature of the reaction solution at
.the outlet of the heat exchanger 4 is kept constant. The external heat
exchanger which can be used in the present invention is not particularly
-limted. For exanple, a heat exchanger of the nulti-tube type, a heat
exchanger of the double tube-type or a heat exchanger of the spiral type
can be used. After the above oligonerization has been conpleted, for
exanple, the oligonerization solution is transferred to a flasher 8 for

e e
charact er i@f%eidliég[ﬂ?%rizzit%n églu%mh?chf {008 ﬂt%{ﬁki@?c%%(f%#sf & hich

descri bed above, east a portion of the ol gomerization So

i's taken Oimpdratii® €21z C aRdhidferdis intRaALAd Gt thblBxferfhl Nidher is

I ntroduced into the external heat exchanger and cool ed, the reaction
product t adsehaagbr ahdtdoeleltthe 18hcli®@pro®x@hakearodtsofidRle@brmlii@yper at ure
of 110*C or higher and at least a portion of the reaction product is
returned texchhegeedstkapt &y akeapperptube dfehiteCabrrldghér tdel atilgaseni zati on
solution taken out of the external heat exchanger at 110*C or higher,
preci pi t atpashionfof thelrgaetien pmediekt is retunniedrtodhe reattoexchanger or the pi pi ng
of the «circulation systemafter the external heat exchanger can be
effectively prBvdieeptng therempesaturgnefpthapligomerigationfsolatibe takan t he
tenperature of the oligonerization solution taken out of the external heat
exchanger QW okthe externad heptgexclanges ato116¥’ or highenepraciniéation mfent i on,

to keep the o
P polymers inside the external heat exchanger or the piping of the

circulation system after the external heat exchanger can be effectively
prevented. From this standpoint, it is preferable that the temperature of
the oligomerization solution taken out of the external heat exchanger is
kept in the range of 115 to 155°C. In the present invention, to keep the
oligomerization solution at the above temperature and to prevent
formation of local cold spots in the heat exchanger, it is preferable that the
temperature of the coolant for cooling the external heat exchanger is 95°C
or higher at the inlet of the external heat exchanger.

In the present invention, by keeping the temperature of the
oligomerization solution taken out of the reactor at 115°C or higher, the
precipitation of polymers inside the external heat exchanger or the piping
of the circulation system after the external heat exchanger can be more
effectively prevented. From the standpoint, it is preferable that the
temperature of the above reaction product taken out of the reactor is in
the range of 120 to 160°C.

In the present invention, the a-olefin used as the raw material is an

a-olefin having 2 to 4 carbon atoms and preferably ethylene. The

11



ol i goneri zation solution at the above tenperature and to prevent formation
~of local cold spots in the heat exchanger, it is preferable that the
tenperature of the coolant for cooling the external heat exchanger is 95 C
.or higher at the inlet of the external heat exchanger. In the present

i nvention, by keeping the tenperature of the oligonerization solution
taken out of the reactor at 115 C or higher, the precipitation of polyners
i nside the external heat exchanger or the piping of the circulation system

he- st anapooened BBy SREORRP Sopmifsed oo plrer of o' Srlpfiieies "

: . . f ' g
[ the pr cBBRHE 4,8 Bllo battior, a5 MR nrkRoruBl o o, 1R PR, AR, ©
cc-olefin Qg%(éipg @xafxﬂ BsCaf RRD QPiFn adT%oB{e%f fﬁ&ﬁhé/ fbm’é ,e}-.hms gl
obt ai ned a-olefin’o |80ner COMpT i 5es vari ous types of cc-ofefin oli’gomers

havi 4 . . f 18
aving 4 of-japdifp ca qzéeeﬁé,?g[rtecﬁa%c%}ftﬁ ei%@fr}édéf%}%é 1%5{98@0&%0mﬁnd

Specific exanples o he a I'gomer 1 nc 1- but ene, 1-hexene,

1-octene, i-gdpsRienel- APHECLDEfir -dIRbhAGCHE Fmdd heXRU8GaRRe 3 these
1- oct adecene. The a-olefin oligoner 1s forned as a m xture of these

ol i goners. oligorgereral , the oligonerization of the a-olefin is conducted in
an organic solvent. Exanples of the organic solvent include naphthenic
paraffins such hs gepetralhdhandigomierdzetadn of;thar@oddfirc idyedndaeedons aand
aromati ¢ hydrocarbons substituted with a hal ogen such as benzene, toluene,
xyl ene, choxgaghersedvent. etixdplesent thdi etganioselventeinehade naphthenic
paraffins such as cyclohexane and decaline; aromatic hydrocarbons and
aromatic hydrocarbons substituted with a halogen such as benzene,
toluene, xylene, chlorobenzene, ethylbenzene, dichlorobenzene and
chlorotoluene; aliphatic paraffins such as pentane, hexane, heptane,
octane, nonane and decane; and haloalkanes such as dichloroethane and
dichlorobutane.

In the present invention, the reaction solution obtained by the
oligomerization of the a-olefin is then treated for recovery of the unreacted
a-olefin, deactivation of the catalyst and deashing. For these treatments,
it is preferable that the reaction product solution obtained after the
oligomerization has been completed is kept at 90°C or higher. The
temperature is, in general, in the range of 90 to 160°C and preferably in
the range of 100 to 130°C although the temperature is not particularly
limited as long as the temperature is 90°C or higher. An excessively high
temperature is not preferable since the purity of the product occasionally
decreases.

The amount of the polymers formed as byproducts varies depending

on the reaction condition. The amount is, in general, in the range of 300

12



"chlorotol uene; aliphatic paraffins such as pentane, hexane, heptane,
~octane, nonane and decane; and hal oal kanes such as di chl oroet hane and

di chl orobutane. In the present invention, the reaction solution obtained by
.the oligonerization of the a-olefin is then treated for recovery of the
unreacted (x-olefin, deactivation of the catal yst and deashi ng. For these
treatnents, it is preferable that the reaction product solution obtained
after the oligonerization has been conpleted is kept at 900C or higher.

Th IS, | | . he f 90 to 160" C.and f bl
In the raraon P MEheS0Re ermdkabi REPRE racdth pofie nBSHEP U ar Ty
limted b t ' x hi A | [
Lemper at ur 508 Hor proPhr e sithgcPWETeRS, A WR0Tked PadLR B ooty

decreases. oJfiaADUgh B CHMRLY TRASHAAINR 32 BUPEORIGHS A esndependi ng

on the reaction condition. The anount 1S, general " 1 n the rafige of 300

12 to 500 gflgendNised fraheMRhiiriiRigd. the reaction product solution is
kept at 90"C or higher, the polynmers are dissolved and the stable

operation can bafieentidyrchtnigepbpddietillktioh, tthe &efiRfolidhndr @anihe
solvent used for the oligonerization. After the treatnent by distillation,
t he a- ol ef olject conpeundfoft tte pedyeattineention ndnobe tdheajiedsanta dikAdei on can
be obtained as a m xture product of desired various crolefin oligoners.
The cc- ol epraduski gfodesireflavarigus he-otkfwi radigomerser e aapldin afdipomeran be

obtained in a greater amount in the mxture product by suitably selecting
t he reactibaving the desired number of carbon atoms can be obtained in a greater

amount In the mixture product by suitably selecting the reaction
condition.

In accordance with the process for producing an a-olefin oligomer of
the present invention, precipitation and adhesion of polymers in
apparatuses for the production such as the external heat exchanger and
troubles caused thereby can be prevented and the stable continuous
operation can be conducted for a long time. |

The present invention will be described more specifically with
reference to examples in the following. However, the present invention is

not limited to the examples.

Example 1

The following production of an a-olefin oligomer was conducted
using an apparatus similar to the apparatus shown in Figure 1.
[Preparation of a catalyst]

Into a 5-liter pot equipped with a stirrer, 250 mmole of anhydrous
zirconium tetrachloride and 2.5 liters of dried cyclohexane were

introduced under the atmosphere of argon and the resultant mixture was

13



“condition. In accordance with the process for producing an cc-olefin

.oligonmer of the present invention, precipitation and adhesi on of polyners
in apparatuses for the production such as the external heat exchanger and
-troubl es caused thereby can be prevented and the stabl e continuous
operation can be conducted for a long tinme. The present invention wll be
descri bed nore specifically with reference to exanples in the follow ng.
However, the present inventionis not limted to the exanples. Exanple 1

The fol | ow;k | Q: | ef | ' ted [
appar ot us. el 0 Misleeflaf a8 Tob PhoBBfRbate” FORAC et of 2

catal yst] tridthybalbmintei [(GYH9Al] ppLs adled adds theFeifter? BbhyTHRIRIMAim
anhydrous zirconiumtetrachloride and 2.5 liters of dried cycl ohexane were

i nt r oducedsesgdishléetide at [(OsPReAd,Clglar gais anddelie r esThd ansmouxtdr ©fwas 13
stirred for 10 mnutes at the roomtenperature. To the m xture,

triethyl al gidthymalhdGatn I cthpladdaetuRdndesdilER R dee werft Afudtddrispum
sesqui chl ori de [(C2H5) 3A12C13] was added. The anounts of tri‘ethyl al um num

and et hyl afhati nthe seshitivhl amalmteer ¢f adheste@dabat tdabpddents el wbiace
anounts of, the catal yst conponents were: (C2H5) 3A1/(C2H52 3A12C13 = 3.5 as
the ratio GeHmsAlaHy)sbbiEy ADTes therrsy 3w molecmd HGoRgs8kClsat i o by

mol e, When (a3, L dPad TR By fole® KT the Hadifien o ah' 2™
components was completed, the resultant mixture was heated at 70°C for
2 hours under stirring. Thus, a complex is formed and a catalyst solution
was prepared. The prepared catalyst solution was diluted with dried
cyclohexane to a concentration of 1/100 of the original concentration. The
diluted catalyst solution was placed into catalyst tank 2.
[Oligomerization of an o-olefin]

The oligomerization was conducted continuously using a reactor 3
of the complete mixing tank type (an inner volume of 200 liters) to which
an external circulation system for removal of heat shown in Figure 1 was
attached.

To the reactor 3 equipped with a stirrer having a two stage
structure in which the upper portion has inclined paddle blades and the
lower portion has turbine blades, cyclohexane as the solvent was
introduced from an organic solvent tank 1 via a pump at a rate of 62
liters/hour and the catalyst solution diluted with cyclohexane was
introduced from a catalyst tank 2 at a rate of 8 liters/hour. When the
liquid level in the organic solvent tank 1 or the catalyst tank 2 is lowered,

cyclohexane or the catalyst solution, respectively, was suitably added.

The oligomerization was conducted while ethylene gas of a high

14



"2 hours under stirring. Thus, a conplex is formed and a catal yst sol ution
-was prepared. The prepared catal yst solution was diluted with dried

cycl ohexane to a concentration of 1/100 of the original concentration. The
.diluted catal yst solution was placed into catalyst tank 2. [Qigonerization
of an a-olefin] The oligonerization was conducted continuously using a
reactor 3 of the conplete mxing tank type (an inner volunme of 200 liters)
to which an external circulation systemfor renoval of heat shown in

i 1 ) hed.. T h t i. d with ti .havi
fwg Stage. DUEIYAT EORGnRRRIN SRBUEHIS, HecRAHIP IR TG FRASRRdRe bl Sdos
dth I i bj bl ad | oh I t
"t ronuced AP e HAHRR PLASER of "la%blﬁ%%‘ﬂ‘%ll 2 G EMPR D "
[i /h ] i ihut i §,kF cl.o
e s noU 8ol SRS AP A S B GlOR SBBE 0

liquid I evebydlntioRe/mPieaB! CUSH %%uﬁﬁ%Pé Wattd@nhaat&! xg&éﬁeéé%&fw

| owered, cyclohexane or the catalyst solution, respecti , Was suitably

added. The 394 Op0Tei2) ZFtthe ShASa K@ RENE tPsk YR LhE eRidTHbE RE ARSI sistBhOh 14
purity was continuously supplied to the |iquid phase in the redactor 3 in a

manner suclfort Béhotdleof hagt, i the RERSgaHTay&b birahat ﬂa@ﬁdn&baﬁ-rénd&%dagd the
reaction mxture was stirred by the above stirrer at a speed of 20

revol uti onédmatiore.of Useamm fromihtdtetr uhel 00°& sepslhehgaded o beadsukré ansf er
area: 10 nR) of the shell-and-tube type in the external circulation system
f or renovathetemparatursef hearegorewasdwph onstant eadi308G. wlherftowvatk by

of circulation was controlled by a valve 6 in a manner such the
temperature at the outlet of the external heat exchanger 4 was kept
constant at 125°C. The reaction solution was transferred to a flasher 8
by operating a valve 7 so that the liquid level of the reactor was kept
constant at 60 liters. The residence time of the reaction solution in the
reactor 3 was kept at about 50 minutes based on the solvent
(cyclohexane).

In the above reaction, the continuos operation could be conducted
for 720 hours. The apparatus was opened after completion of the
continuous operation and the adhesion of polymers was examined.
Almost no polymer scales were found in the external circulation system

and on the inner wall of tubes of the heat exchanger.

Example 2

The reaction was conducted under the same condition as that in
Example 1 except that the reaction temperature was adjusted at 120°C
and the temperature at the outlet of the external circulating heat

exchanger was adjusted at 115°C. The same result as that in Example 1
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formati on of steamfromwater at 100C supplied under a pressure and the
tenperature of the reactor was kept constant at 130C. The flow rate of
circulation was controlled by a valve 6 in a nanner such the tenperature
-at the outlet of the external heat exchanger 4 was kept constant at 125C
The reaction solution was transferred to a flasher 8 by operating a valve
7 so that the liquid level of the reactor was kept constant at 60 liters.
The residence time of the reaction solution in the reactor 3 was kept at
about 50 njnut haged on the solvent (cyclohexane). In the above
reaction,nkﬁgo?%ﬁ??ﬁuos operation could be conducted for 720 hours. The
appar atus was opened after conpletion of the continuous operation and the
adhesi on of polyners was exam ned. Al nost no polyner scales were found in
t he externgkagiple@ ation system and on the inner wall of tubes of the heat
exchanger. Exanple 2 The reaction was conducted under the sane condition as

that in Exanpl ®hd w4etiph whatcohffctedathion the HaRia Hh&itiasS addhygtiad at
120C and the tenperature at the outlet of the external circulating heat

exchanger Waampdg dséxa@patthal WGtedlae HKACewnesubpliad tbliae dxehkExgsplenl 15 was
obt ai ned. Exanple 3 The reaction was conducted under the sane condition as
that in Egkueplof wiatexaeg00tGaupphiedin dxaddple va<Tlsapitiwdodswopdratiexchanger
4 in place of water at 100' C supplied in Exanple 2. The conti nuous
operation could be conducted for 720 hours. The apparatus was opened after
completion of the continuous operation and the adhesion of polymers was
examined. Slight adhesion of polymers was found on the inner wall of
tubes of the heat exchanger although no adhesion was found in the

external circulation line.

Comparative Example 1

The reaction was conducted under the same condition as that in
Example 1 except that the reaction temperature was adjusted at 110°C
and the temperature at the outlet of the external circulating heat
exchanger was adjusted at 105°C. In about 300 hours after the start of
the operation, the operation could not be continued since the line was
clogged by the precipitates of polymers adhered to the circulating line and

on the inner wall of tubes of the heat exchanger.

Comparative Example 2

The reaction was conducted under the same condition as that in
Comparative Example 1 except that the reaction temperature was
adjusted at 120°C. In about 450 hours after the start of the operation,

the operation could not be continued since the line was clogged by the
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coul d be conducted for 720 hours. The apparatus was opened after
cconpletion of the continuous operation and the adhesi on of pol yners was
exam ned. Slight adhesion of polymers was found on the inner wall of tubes
.of the heat exchanger although no adhesion was found in the external
circulation line. Conparative Exanple 1 The reaction was conducted under
the sanme condition as that in Exanple 1 except that the reaction
tenperature was adjusted at 110'C and the tenperature at the outlet of the
external circul.atingheat exchange adjusted at 105,C. l.n about 300
hours afteP reth%%%tteagalf Hﬁymteﬁ% a@ﬁs?‘%{{ F%ﬁ},sle tcffjgugapfé‘?%?’in&na%% QPGthe RS

conti nued Si_RC | } by the precipitates of polyners

adher ed tdaPﬂéﬁgPpgﬁpg f%ggfﬁﬁgkgﬁgggon the inner wall of tubes of the heat
exchanger. Conparative Exanple 2 The reaction was conducted under the sane
condition as that in Conparative Exanple 1 except that the reaction

tenper ature vasTpadyUsiRd it WRGRIAN BRAUICARaPAYS dhishplbe Sbart of

the operation, the operation could not be contin since t | i ne was

cl ogged bygitiehak¥zder eCTRbleal 885 t1e8 qup,lmfrg,rs adhered to the circulating line
and on the inner wall of tubes of the heat exchanger. The results of
Exanpl es and Conparative Exanples are summarized in Table 1 in the
followi ng. Table 1 Exanpl e Conparati vgolExanpl e

Example Comparative Example
1 2 3 1 2
Reaction temperature (°C) 130 120 120 110 120
Temperature at outlet of 125 115 115 105 105
heat exchanger (°C)
Temperature of coolant at 100 100 90 100 100
inlet of heat exchanger (°C)
Flow rate of circulation (m3) 5.9 6.2 6.2 6.5 2.2
Polymer scale*
circulating line good good good poor poor
heat exchanger good good fair poor poor
Time of continuous operation 720 720 720 about about
(hour) or longer or longer or longer 300 450

* good: Continuous operation for 720 hours possible and no adhesion of polymers
fair: Continuous operation for 720 hours possible and slight adhesion of polymers

poor: Continuous operation for 720 hours not possible due to adhesion of polymers
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12312 Reaction tenperature (C)130120120110120 Tenperature at outl et of
©125115115105105 heat exchanger (C) Tenperature of cool ant at 10010090100100
inlet of heat exchanger (C) Flow rate of circulation (nB)5.96.26.26.52.2
.Pol ymer scal e* circulating |ine good good good poor poor heat exchanger
good. good fair poor poor Tinme of continuous operation 720 720 720 about
about (hour) or longer or |onger or |onger 300 450 * good: Conti nuous
operation for 720 hours possible and no adhesi on of polyners fair:

Conti nuous operation for 720 hours possible and slight adhesion of polyners
poor: Continuous operation for 720 hours not possible due to adhesion of

polymers Lirh AR FisHe 1Y The present invention relates to a
process fMol i goner and, nore particularly, to a
process for propgl R } i f r ial for
hi gh pol yners, pl a???sg%?égg%ﬁé @gllﬁa(r%%éég?)a trgﬁé%%i ﬁdg @ﬁ%ﬁ%}gﬁe&?ggﬁéﬁ%at i's
renoved byolifnér aRdehérenNphrii@ahrly®ts RNE6Eess MR SidluclA e s -Aegaed by

precipitation of polymers in the external heat exchanger is prevented and

a stabl e cqiffidnidiousefapeisath®Raw material for high polymers, plasticizers and
surfactants while the generated heat is removed by using an external heat
exchanger, wherein troubles caused by precipitation of polymers in the

external heat exchanger is prevented and a stable continuous operation

can be continued for a long time.
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~can be continued for a long tinme. 18 CLAIMS 1. A process for producing an
.a-olefin oligoner by oligonerization of an a-olefin in a presence of a

Zi egl er - based catal yst, the process conprising introducing at |east a
-portion of a reaction product which is taken out of a reactor and has a
tenperature of 115C or higher into an external heat exchanger, cooling the
i ntroduced reaction product, maintaining a oligonerization solution taken
out of the external heat exchanger at a tenperature of 110C or hi gher and
returning at | east a portion of the ng' nmerization solution to the
reactor. 2. A process according to d; 1 , Wherein the tenperature of the
reacti on product taken out of the reactor is in a range of 120 to 160C 3.
A process according to Claim1, wherein a tenperature of a coolant used

for the exyernaj, (ﬂ%@é 16X p PS8R 1% G PR oﬁ%ﬂﬁf‘err lgs; &Fg(lnlr%@ i%ts\igﬁ dtn

r
external heat exchanger. 4. A pgocess according t erein the

a-ol efin usedefin i APWesdBieCh A1ZibslePHARLERAtalPst, AR HRESS e&,ﬁﬁfi}gix%g to
Claim 1, wherein the obtained a-olefin oligoner 'is an oligoner having 4 to
18 carbon @h@6Bucih at least a portion of a reaction product which is taken out of a
reactor and has a temperature of 115°C or higher into an external heat
exchanger, cooling the introduced reaction product, maintaining a
oligomerization solution taken out of the external heat exchanger at a

temperature of 110°C or higher and returning at least a portion of the

oligomerization solution to the reactor.

2. A process according to Claim 1, wherein the temperature of the

reaction product taken out of the reactor is in a range of 120 to 160°C.
3. A process according to Claim 1, wherein a temperature of a coolant
used for the external heat exchanger is 95°C or higher at an inlet of the

external heat exchanger.

4. A process according to Claim 1, wherein the a-olefin used as a raw

material is ethylene.

5. A process according to Claim 1, wherein the obtained o-olefin oligomer

is an oligomer having 4 to 18 carbon atoms.
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