7 FEBRUARY 2006 DESCRI PTI ON PROCESS FOR PRODUCI NG AN a- OLEFI N COLI GOVER
TECHNI CAL FI ELD The present invention relates to a process for_producing an
a-olefin oligonmer and, nore particularly, to a process for 5@5 AR Y006
a-olefin oligonmer useful as the raw material for high polyners

pl asticizers and surfactants while the generated heat is renoved by using
an external heat exchanger, wherein troubles caused by precipitation of
polymers in the externally circulating heat exchanger is prevented and a
stabl e continuous operation Cah@?ﬁgﬁﬁﬂi ed for a long time. BACKGROUND
ART a-olefin oligonmers having a and 4 to 24 carbon atons are
useful substances w dely used as nononer materials for olefinic polyners,
conmononers for various high polyners and materials for plasticizers and

ol gorer zai i ont B QEePdiP AP BOTFOLING A8 SO THE DLAEIREE Y esence of a

Zi egl er-based catalyst. Since the oligonerization of an a-olefin is an
exothermc reaction, it is necessary that the oligonerization be conducted

whi |l e thms suitably renoved when a continuous operation is
conducte scal e. Exanples of the process for renoving the
generat ed heatTh{:‘ﬁ)'rBS'&lttfheveBh ﬁexseﬁiate%%p% %bé‘e%s%? &BQu{%g”ﬂ%? Rpacket of
t he reactor and I'sin rmng ircu i ng P6Wr out e

fromthe HEAGHEX o, arﬂo}e %a%ﬁw g(QOaGprocess 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

o-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 oa-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



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 circulatin"éjl‘ﬂﬁgg‘p“"m(2006
exchanger process). On the other hand, it is inevitable in the

ol i goneri zation that a considerable anobunt of polyners are forned as
byproducts. The polyners fornmed as byproducts occasionally cause probl ens
in the production in that the polynmers adhere to the reactor and ot her

f h ' h I d. h
above pr osatsaal hoat PatBY ik And e PaRbad Bk iR Sud uBPREhg RISl at i ng
heat exchangel, DA IES5i End"aL L aaDtdXnUAES: (LRGSR TER Sholieat
transfer &rea can be obtained. en this proctéss is used, above probl em

of Priect PIift 12" kaBBhXITP! Sefol3laeud s AR o @XAIANDCKirANY iBROGRLARY OF Lhe

circulating line o par at uses frequenﬁ y ari ses. OF THE

| NVENTI ON ﬂﬁg%?ri%@ bove, it has been desired that, when the heat
e !
gener at ed @éy}lt e rﬁeac%lsgn is renoved in accordance with the externally

circul ating hegp ¢K6AREE haUHDCRSS irfév‘itfh%l@|ihgﬂ{8_361i§@1§1ie9111aﬁ5nafhaa: glefinin
the presence of a Ziegler-based catal yst, precipitation of polyners in

appar at usesndiférdle Rnasit iofn pslicheRs dree fexhednak heptodrghang®heand
troubl es caused thereby are prevented and a stable continuous operation can

be conducipebmhiérs dotasd aismbypibdudds esealsidmaBNtdavle hpsohlears nadehet 0
overcone the above problem The present invention has an object of providing
a processptodudion 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



7 FEBRUARY 2006 producing an a-olefin oligonmer in accordance with which
preci pitation and adhesion of polyners in apparatuses for thg ggggyct'on
such as an external heat exchanger and troubl es caused there 9 2006
prevented and the stable continuous operation can be conducted for a | ong
time. As the result of the intensive studies by the present inventors to
achi eve the above object, it was found that, in the oligonerization of an
a-olefin in accordance with the externally circul ati ng heat exchanger

rocess, the,above object can be achieved b intaining the .te rature
P e he” o PASHERRY ar Ghotctin SRshert A ESE T TR Y Rt B ctmfati G TREL fed o
the circul ﬁ ion rout e land at.the out k&%esoffo} t’t eext el n&toﬁes%tch exchanger

i I 0]

within ead Sf}88i PrcPe Xﬁlgeer.s %ea}p&aér en nventi oR TR HE e 1 r%l &fed based
on this k%QY& %‘39%ea%h&q%?%ﬁf‘taﬂd“é?&}m%] ALY $§¥&Rpkgﬁe§e§ PerGerPJe‘ad“C' ng an
ol'i y ol inminapre

. r
a-olefin goner goneri zation of an a-ole sence of a

Zi egl er b?ﬁthe%%Bﬁiey&}ntiﬁ PEREEEInCATPEd Sdrdtlcedd F&dé’%ﬂ'ggtiﬁieﬁ east a

portion o reaction product 'which is taken out of a reactor and has a

tenperature of AGIARC Q&R ANGe {ftehiiveostidess bt heaPredheiRdbnitRatto
exchanger, cooling the introduced reaction product, maintaining an

ol i goneri zaghiedd thel dbd@Nobjeakeid WHE fohnd tBaXirLtR@loligeaierstitanefanat a
tenperature of 110C or higher and returning at |east a portion of the

ol i goneri zaslefin &0! adcopdaiide wibke tleaekesrnaBiyl thrcDEGGRE Fd 4ONe £6h aitfier DRAW NGS
Figure 1 shows a schematic process di agram exhibiting an enbodi nent of the
appar at us pragessonthict iabgvé hebprobcaan obe t hehprvedenby imaemhimng 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 a-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

1nvention.



3 7 FEBRUARY 2006 THE MOST PREFERRED EMBCODI MENT TO CARRY QOUT THE | NVENTI ON
The present invention will be described in nore detail in the_following. In
the present invention, the a-olefin oligomer is obtained by 8IF%R¥299
of an cc-olefin in the presence of a Ziegler-based catalyst. The

Zi egl er-based catal yst conprises a conbination of (A) a transition netal
conpound, (B) an organoal um num conpound and (C) a third conponent which is
used where desired. As the transition netal conpound of conmponent (A), a
conpound represented by the followng general formula (1) is used. MXXYYO Z
(1) [in the above fornula M represents zirconiumatomor titaniumatom X
representq, A s O <y b{ G . od _,i* om, Y
represent SR 2

r epr esent r or branched aI kyI group having 1 to 20 carbon atons)
or a f3- drimﬂa'&ﬁﬁrepresented by formula (11): 4 7 FEBRUARY 2006 (in

formia (11), Mhe Blitd isach WHPRRNARLINCd GR G3Gal iBEilvdr egen  atom
an al kyl group having 1 to 20 carbon atons or an al kyl group avr ng 1 to 20
carbon at gjIRvAng. substituted with a hal ogen atomand one of R, R2 and R3
representing an al kyl group having 1 to 20 carbon atons and substitut ed

wi th a hal ogenlat €48 .préset daRdedtibgprBsentclefn bhEe@er 1f 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 (D) is used.
MX,Y,0, )

[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 (ID):

R
0 _C<
O c—R?
e

an



to 4 and x+y+z=41. Specific exanples of the above conpound include Zr C14,
ZrBrd, Zrl4, ZrBrCl3, ZrBr2Cl2, TiCl4, TiBr4, T 14, TiBrCl3, T| Br 2C

Zr (OC2H5) 4, Zr (OC2H5) 2C12, Zr (O n- C3H7) 4, Zr (O n- C3H7) 2C12, FEBRUALY 2006
Zr(Oiso-C3H7)44 Zr (O iso-C3H7)2C12, Zr(O-n-C4H9) 4, Zr (O n- C4H9)2012,

Zr (O iso-CAH9) 4, Zr (O iso-C4H9) 2C12, Zr(Otert-CAH9) 4, Zr(O tert-C4H9) 2C12,
Zr((CH3)2N) 4, Zr((C2H5)2N)4, Zr((n-C3H7)2N)4, Zr((iso-C3H7)2N) 4,
Zr((n-C4H9)2N)4 Zr((tert- C4H9)2N)4 Zr (OS03CH3) 4, Zr (0CsO3C2Hb) 4,

T ( Oc2te) A %?ﬁ?’%ﬂ%)z“ e O SHhandFpSRASA T rrpts s Bomihi psen
T (01 vo. OHaB) 20 2k} Rl HHE &%}30(9?%%?@3%%5%; AP ) o1y 4,
T ((tort . @@%@%@% s,orld %“P%@%@E&@ Wé&é&‘éﬁ?‘?ﬁg dh

21 GCorsH - 2 RO s %&W SR 2 oo 4,

Ti (OCOCZHQ)QH% £mﬂ)ﬁb eTié EOC3H))thd 4 ké 7&@ ef bf GOOCAHI) 4,
Zr ( OCOC3H?) 2C12. " Zr ( OCOCAHD) 2C12, H7) 2C12, ococng 2C12,

Zr C12( HOOgE @Ond %9‘+Z£Ql2($3§é%m8 ofﬁﬁ@”ﬂﬁ'b@ﬁe Qfoni n@ﬁﬁ@lﬁlﬁ@' um num

conmpound of conponent (B) include conpounds represented by the foll ow ng
general f&r@ly,aZrBry, Zrly, ZrBrCls, ZrBryCly, TiCly, TiBry, Tily, TiBrCls,

TiBryCly, Zr(OCoHs) 4, Zr(OCoHg)oCly, Zr(O-n-CgHy)y, Zr(O-n-C5Ho)oCl,
Zr(0-iso-CgHq)y, Zr(0O-iso-C3Hq)9Cly, Zr(O-n-C4Hg)y, Zr(0O-n-C4Hg)yCl,,
Zr(0O-iso-C4Hg) 4, Zr(0-iso-C4Hg)»Cly, Zr(O-tert-C4Hg),,
Zr(O-tert-C4Hg)oCly, Zr((CH3)9N),, Zr((CoHg)oN)y, Zr((n-C5Hq)oN),,
Zr((iso-C3H)oN),, Zr((n-C4Hg)oN),, Zr((tert-C4Hg)oN)y, Zr(OSO3CHjZ),,
Zr(0S05CoHy),, Zr(0S05C5H),, Zr(0S04C,Hy)s ZrCpsCly, ZrCpoClBr,
TOCyHy),,  TIOC,Hg,Cl,  Ti(O-n-CsH)y  TiO-n-CsHo)oCly,
Ti(O-iso-C5Hy)y, Ti(O-iso-CgHy)gCly, Ti(O-n-CyHg)y Ti(O-n-C4Hg)oCly,
Ti(O-iso-C4Hg)y, Ti(0-iso-C4Hg)oCly, Ti(O-tert-C4Hg),,
Ti(O-tert-C4Hg)sCly, Ti((CHgoN)y Til(CoHpoN)y  Til(n-CHoN),,
Ti((iso-CsH)sN)y, Tilln-C,Hg)oN)g Tilltert-C4Hg)sN)y, TiOSO5CHs),,
Ti(0S05CoHy),, Ti0S03C5H,,, TiOSO04C,Hg),, TiCpsCly, TiCpyClBr,
Z:(0COCHy),, Zr(OCOCH)oCly, Zr(OCOCsH.), Zr(0COC3H7)5Cly,
ZHOCOCsH,),, Zr(OCOCsH)Cly, Zr(0COC,Hy),, Zr(OCOC,HgyCly,
TOCOC,Hy),, Ti(OCOCyHy)sCly, TiOCOCsH7), Ti(OCOCH,)5Cly,
TOCOC3H,), Ti(OCOCGH,)sCly, Ti(OCOC,Hy), Ti(OCOCHg)sCly,
ZrCl(HCOCFCOF), and ZrCly(CH;COCFCOCHy),. Examples of the

organoaluminum compound of component (B) include compounds

represented by the following general formula:



7 FEBRUARY 2006 Al YaXbOCNd [in the above formula, X represents a hal ogen
atom (chlorine atom bromne atomor iodine atom, Y represents RO, R2N-
_OCOR or R- (R representing a |inear or branched al kyl group RAWBRIARY 306
carbon atons), a, b, ¢ and d each represent an integer of 0 to 3 and
atb+c+d=31 and/or a conpound represented by the follow ng general formula:
Al 2Ya' Xb' Cc' Nd' (I'V) [in the above fornmula, X represents a hal ogen atom
(chlorine atom bromne atomor iodine atom, Y represents RO, R2N-,

- OCOR, - RCOCR CCR' R and R representing a linear or
branched al kyl gr ou%ﬁﬁﬁ%??@ to 20 car Sgghatorrs), a', b', ¢ and d' each

repr esent r.an 4 nt . 0 '+h' +c'+d. =6] . a - of conpound
reBresent L@ tg!;ggg%gea%?%rﬁrfaulg ?Pﬁe)%eflﬁsclau eaq%em r(%l E&S)@E&’ ™

Al ( C3H7) 3bAdrhiriOa fedil Oy o reCAd)3 .Y represents RO-, RoN-, -OCOR or R- (R

Al (i soC4Hg) 3, Al (C5H11) 3, Al (C6H13) 3, Al (C8HL17) 3, Al &ZHS) 2C1,

Al (C2H5) 25’@@%&&8%@'1&&4@%&%%@3(%) AP haGRiP)1 20 29 GaHBERFC2HD) 2,
ALC2H5( OC3H7) 2,  ALC2HB( OCAHO) 2, Al (OC2HB)Y2CT, Al ( 7)2CL, Al ( OCAH9) 2C1,
Al (OC2HS) Gl s)Na( BRI EReac\ré SXe4E0) &hZint 6150 @4 HE) 2rb+ct+d=3]
ALC2H5( C0OC3H7) 2, ALC2H5( OCOCAH9) 2, Al ( H5) 2C1, Al (OCOC3H7) 2CL,

Al ( OCOCAHR) dfot.a ArhpEEXE IFbpfeldnted bR B Towahe, ceNel SRARBALCL 2,

Al (C2H5) 20C2H5, Al (C2H5) 20C3H7, Al (C2H5) 20C4AHI, Al (C2H5) 2N( C2H5) 2,

Al (C2H5) 2N( C3H7) 2 addo W XePY 2N( c4H9) 2(T\Bxanpl es of the compound
represented by general formula (I1V) include A12(CH3) C13, Al 2(CH3)3Br3,
A12( C2H5) BE138he Adlave? MamaBla3, XA12pe2eB)8 18 hald rC6 )2 Kelilb2ine 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 0 to 6 and a’+b+c’+d’=6].

Examples of the compound represented by general formula (III)
include Al(CHj)s, Al(CyHsy)3, Al(C3Hp)s3, Allso-CgHp)s, Al(C4Hg)s,
Al(iso-C4Hg)3, AlCsH;p)3, AlCgH;p3)3, Al(CgH;7)5, Al(Co9Hg)4Cl,
Al(CyHg)Br, Al(CoHgoI, Al(CoH5Cly, Al(CoH5)Brg, Al(CoHj)1o,
AIC,H5(OCyHg)g, AIC,H5(OC3H7)g, AICoH5(OC4Hg)g, AL(OC,Hg)oCl,
AI(OC3H7)5Cl, Al(OC4Hg),Cl, AIOCyH5)Cly, AI(OC3H,)Cl,,
Al(OCHg)Cly, AlCoH5(0COCyHg), AlCoH5(OCOC3H7)s,
AIC,H5(0COC4Hy)s, Al(OCOCyHg)Cl, Al(OCOC3H7),Cl,
AI(OCOC4Hg)sCl, AHOCOC5H)Cly, AI(OCOC3H,)Cl,, AI(OCOC4Hg)Cly,
Al(CoHj)9OCoHs, Al(CoH5)9OC3H7, AI(CyH5)9OC4Hg, ACoH5)oN(CoHs)s,
Al(CoHy)oN(C3H7)9 and Al(CoHg)oN(C4Hg)y. Examples of the compound
represented by general formula (IV) include Aly(CH3)Clg, Aly(CHj3)3Br3,
Aly(CyH5)3Cls, Aly(CoHj)3Brs, Aly(CoHg)3l3, Aly(C9H5)9BrCl,,
Aly(C3H7p)3Clg,  Alg(iso-C3H7)3Clg,  Aly(C Hg)3Cls,  Aly(iso-C4Hg)5Clg,



Al12( C3H7) 3C13, Al12(isoC3H7)3Cl13, Al2(C4AH9)3Cl1l3, Al12(iso-C4AHI9)3Cl3, 6 7
FEBRUARY 2006 A12( C5H11)3C13, Al12(CSH17)3Cl3, A12(C2H5)2(CH3)2%% RUARY 2006
Al2( OC2H5) 3C13, Al12(OC3H7)3Cl3, Al2(0OC4H9) 3Cl3, Al2(C00C2H5) g,

Al12( 000C3H7) 3C13 and A12( OCOC4H9) 3C13. As the third conmponent of conponent
(C) used where desired, at |east one conpound sel ected from sul fur
conpounds, phosphorus conpounds and nitrogen conpounds can be used. The
third conponent <contributes to the inprovenent in the quality of the

-ol efi hi h I d Al i cularl
i ced 2t R e AP R e A er

linited as f u oun Su und. For

| e, 1 ; | : : h . : . |
R L

di al kyl sghﬁi@g(@gm{gﬂ%ﬁc@uch as dinethyl disulfide, diethyl disulfide,
di propyl disulfide, dibutyl™ disulfide, dihexyl disulfide, dicyclohexyl

ey Bt L ol Peind OOy il et

2- et hyl t hi ophene, I 'ophene, yl thi
2- et hyl t hiopheng eandmpsnge- gareeaﬂpnﬁbwegarmgy%in%oﬁﬁhéyr859@9}{%%8 such as

t et r ahydr ot hi ophene and thi opyran; aromatic sul fur conpounds such as

di phenyl  sgthbBtndéliaHe Avirogéss b idiRind¥eddy be ARy | TheStHild d@naphemRt hy !

phenyl sulfur; thiourea; and sulfides such as nethyl sulfide, 'ethyl sulfide
and butyl contrilhttes tarthepiabesvaiphantuiethe Theliph @ pheratslefmrpligosherSofmot

particularly limted as Iong as the phosphorus conmpound is an
or ganophoslphpreduatonpound. For exanpl e,

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.



phosphi nes such as triphenyl phosphine, triethyl phosphi ne,

tri butyl - phosphine, tripropyl phosphine, trioctyl phosphi ne and
tricycl ohexyl phosphine are preferably used. 7 7 FEBRUARY 20067 TH&RHARbM¢
conmpound is not particularly limted as long as the nitrogen conmpound is an
or ganoni trogen conpound. For exanple, organic am nes such as nethyl am ne,

et hyl am ne, propylam ne, butylam ne, pentylam ne, hexylam ne,

cycl ohexyl am ne, octyl an ne, decylanine aniline benzyl am ne,

naphthylanine,qﬂ%peng¥lanine qu ﬂ1ﬁzﬁy qglne di heqxlanlne
hyl pheny| e cryiaaineE e of dibieutarte M ReH RSl ds
'[nreltpﬁegyfgy ne. ridi net m |coI A y}Er%{) %b|n¥1 us% | n th present
 nvent | on, ”%rﬁsﬁaf%@pg%ve uPrEstlicRer SRSt us T mEaaRILCand

Gi et byl GERRr aamifRT opnghe. o ﬁ."%%’t?l&’"ﬁ‘ﬁl?@e Rani gy PR Madint, O
Lributy! Phasphidiite, t TAERMRROS PG ARthea N BRI BmitRI © oBALAAAD] Y used.

The oligo ecrole I's céné cted.”in gehe

or gani ¢ Sqley ratmméxarmhﬁﬁeof By PR, C SO MERahisd, Udgi:ABRIIARHRS,

paraffins such as cycl ohexane and decaline;” aromati c hydroca
aromati ¢ hiyeiHgeabeans S&M%}Iéﬁﬁfb W tdipReiidh@tian, Suehe th1IRI%eARIne Ol Uuene,

xyl ene, chl or dbenzene, et hyl benzene, dichi’orobenzene and "~ chl’or ot ol uene;
al i phat i c tpatéthiidvaiselctriechynemiase tribaydaminbe priphenylatind) pyridinene and

decane; and hal oal kanes such as dichl oroet hane and di chl or obut ane.
and picoline are preferably used.

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 m] 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,



In the present invention, the relative anounts of conponent (A), conponent
(B), conponent (C) and the organic sol vent described above as essed by
t he amounts per 250 m of the organic solvent are as foIIoms.7F$ﬁ§béﬁBﬁﬂw60f
conponent (A) is, in general, 0.01 to 5 nmmle and preferably 0.03 to 1
mmol e. The anount of conponent (B) is, in general, 8 7 FEBRUARY 2006 0.05 to
15 nmmol e and preferably 0.06 to 3 mmol e. The anmount of conponent (C) is, in
general, 0.05 to 20 mmol e and preferably 0.1 to 10 mml e when the sul fur

comoun igect 1o RN <, 43T e RBOE, IS B b BaR L 1

I'S use onent (O).

As for the %&1%%15"(@) quﬂpégngfral?(y@@@(?% bfh ﬁn&&gmwgégga;yhbﬁ) to 4@scr i bed

above, furthe vaht ageo results can be obtalne e ratio of the

amount bi{gﬁ%ﬁﬁﬁﬂhé Quifag &%ndgge%@gaba o uEbd S &fhpodhit he range

of 1to ol 1 goneri zatio In of the present invention is

conduct eqciland O VPRI SR 10 wHeP th nlé%%meﬁ{po%nrar@ﬁ% hebpifordfs L0 8.82

MPa. The reaction tine cannot be general deci'ded since the reaction tine

is differghtpod@rerdided Lcdhpod&t@)ature and the pressure. The residence
time in the reactor is about 10 to 60 m nutes. The a-olefin oligoner

obt ai ned i n aggofslagke reldtive henqimsastscafipdient X)eaadtcony@idritofB)conpri ses
vari ous types of oligonmers having 4 or nore carbon atons and, nore

parti cul alekyribdd tabo¥8, fiarthen adivambageblussreseatthydasnbe @bitgiowdr whenfthiered as a
m xture of these oligoners. In the process of the present invention, the
ext er nal Irptioi ofcibleadmngnt 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



heat exchanger process in which a circulating flow route fromthe reactor

to an external heat exchanger and then back to the reactor is forned and

the generated heat is removed in the external heat exchanger 7 ESEBEERIG20060
renove the heat generated by the above reaction. The externally circulating
heat exchanger process will be described with reference to Figure 1 in the
followng. Figure 1 shows a schenmatic process diagramexhibiting an 9 7
FEBRUARY 2006 enbodinent of the apparatus for conducting the process of the
pr esent tion, | ure ni ¢ _saolvent and at st solution
B 6 ouppt PGB! pLdBe oot binian U AU BE SHFVEIRCTA AL (DePEP ANt at al ys!
tank 2, res ctlv e_reactor. S th ram/naterlal IS

sgppl i ed HNEERE: of ngfﬁau(r) I"zat PBnoﬁﬁ%an&%r'?abvc?Pédarb%&’eFa nof”llfedescrl bed
above. LR Fene ) SHLRLAR o apfgéoﬁg&?@ a%&gamfgﬁggﬁggt ) 27

ext er nal an ex u |on valve 6 is

connect edy ALLEL N, Ol FOOIRY LZALLPS T n CONAMEL L e ar I REergHGh that a

prescrlbe ence ‘tine |n use e raw eria

surely acéﬁﬁﬁ’l%& i hd h?neor(ﬁ§§d}ﬁ§r19£t15H61§360€?‘1ld¥1%Ee@nﬁjn&&e 3Rl %%chtloﬁ he

ol i gonerization solution is taken out of the reactor by the external

circul ati @sscPibER abed WAkl Rakest kA éﬂ&@i@f@%n@&@%%h@ﬁ%@& In the
external heat exchanger 4, the heat is rempved with a cool ant such as water

and steamy@pf dherhfiNRespeHtiRaniert Beatl égopRal a@pmlgmlospgum;orﬁ had &ept
constant. The flow rate of the circulation is adjusted by suitably

oper at i ngvdlke 6/& stnrfectad.t haftet e obigpareaizatenofs dohducealCin anmapheti on at

the outlet of the heat exchanger 4 is kept constant. The external heat
such that a prescribed residence time of the a-olefin used as the raw
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



exchanger which can be used in the present invention is not particularly

limted. For exanple, a heat exchanger of the nmulti-tube type t
exchanger of the double tube-type or a heat exchanger of the gﬁrﬁ%‘ﬁ’t@%éow

can be used. After the above oligonerization has been conpleted, for
exanple, the oligonerization solution is transferred to a flasher 8 for
degassing treatnent so that the liquid |evel of the reactor 3 is kept
constant by the wvalve 7. The process of the present invention is

h ized in.th f 0] 200 | i h d i
chan act L ok bt ol oS R PAR ER Ca R BEAHCL

| uti .ch 4. .Qut . .2AG f 115C
U e e L s e et e

reaction Pérﬂg&frﬁtﬂg%k&" 1945¢ 06y tﬂlghg%‘tiﬁrﬂﬁko&lﬁ%td i%dﬂﬁgggitﬁ%ﬁaf(%tatat a

t enper at ure or "higher an east a portion of the reaction

product | éxcr}ﬁtrfgre?eﬁql& Eod16¢, tr}ﬁeaféa%ionB%(ro‘&%%Pité‘Eeﬁ B&t LETRE Rt Hedlthe

ol i goneri zation solution taken out of the external heat exchanger at 110C

or hi Qh_erexd}{aex‘ﬂéﬁli)i{fsakéﬁﬂ a®fa teBIpeFBterel BE1dEO°Cher Bxdlahdhgatiefgchanger or
the piping of the circulation systemafter the external heat exchanger can

be effect pygioh oPfley fstceidn frodiict IH fetaraeWpOtHY redcdtor.s preferable that the
tenperature of the oligomerization solution taken out of the external heat

exchanger is BRgpkedpinghher trigpeeituld bf tthe IdOmdrizdthen pobsgsr thwgntion, to
keep the oligonerization solution at the above tenperature and to prevent
f or mat i onowf of ahal extelrdalk hetis exnhéhgerheatl1€RChandegher, tpresipptatfien alfl e t hat
the 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

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

11



tenperature of the coolant for cooling the external heat exchanger is 95C

or higher at the inlet of the external heat exchanger. In the
i nvention, by keeping the tenperature of the oligonerizati on7ghﬁm%%§en

out of the reactor at 115C or higher, the precipitation of polymners inside
t he external heat exchanger or the piping of the circulation systemafter
t he external heat exchanger can be nore effectively prevented. Fromthe
standpoint, it is preferable that the tenperature of the above reaction

product tag n_o t_oFﬁlherreacLor is.in the rq&ge of ;Z?fto 60C. In the
present ifl E”df’?grﬁ‘ otefn QLgPRIET CAMRRSRs VAFIQUS AXPRR O ¢ ety oligomers) of i n
having 2 to.4 carbon atons d preferably. et hylene., T 11. 7 FEBRUARY 2006
obt ai ned 3981 | Of)llflgﬁemac?r@%ﬁp P%nessaggr 1§§%r%%e§ t8f{l§rc&r8??ngt sgomers

having 4 ap oo cALORN. AR BeARCHOLARLY dohdl8 5Ahon hogBye Speci fic

exanples 0O € a- in oligomer 1nc -hexene, ene,

1- decene, 116c‘ﬂé’r§’eeceﬁedefc%ﬁé et ragsER0Re., 1‘1'-‘6%%?&1%%8{1& andpediAekadecqng. The

a-olefin oligomér is forned as a mxture o ese oligoners. In general,

the oli QO'T‘Hcitﬁtgééeﬁ@. of ’I%@%%l@ﬁﬁfél‘fgdﬁeﬁ%%ﬁh@& A L ix@LEARYCrIRAEVENT .

Exanpl es of t organi ¢ sol vent include naphthenic paraffins such as
cycl ohexappgamdrslecal i ne; aromatic hydrocarbons and aromatic hydrocarbons
substituted with a hal ogen such as benzene, toluene, xylene, chlorobenzene,

et hyl benzene, o chimerahethecoBg@ndrizatibardst taiensefial ispbaiductedrial fhns such

as pentane, hexane, heptane, octane, nonane and decane; and hal oal kanes

such as dobrdgdmic caflheme aFgdamples 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 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



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 a-olefin, deactivation of the catal yst and deashinaFEﬁgpA@ﬁ%§@6
treatments, it is preferable that the reaction product solution obtained
after the oligonerization has been conpleted is kept at 90C or higher. The
tenperature is, in general, in the range of 90 to 160C and preferably in
the range of 100 to 130C al though the tenperature is not particularly

limted | is 90 hi A i.vel.y high
terper at 200 AR prLPes b iR Fe ObuR o <BHop i ek SRR & onal 1y
decr easesy., Fhe,agpuat o071, PALUMELE, f ofmed, 25; DXREAUGYS Har Les,idependi ng
on the readi i gondi £ on: The "amodn I'S,” in"general, in the range of 300 12

7 FEBRUARY,A00n! 2afi0fe PRBitIEn i e, LRI enfrgbbeot SRt bt oduct

solution i kept Cor er e polyners ar i ssolve t he

stabl e O&ﬁ{’@#‘é ng(lflﬁﬂ tfl{% (ﬁ%ﬂmi&ﬂdependent ly of the type of the organic
oligo

sol vent used for the rization. After the treatnment by distillation,

the a-ol efin ohrgengie Qfeétﬁi?entOB%re&fstHI&'mﬁH%@h-él’@ﬁn%ﬁ?@ﬂbri GVeRtion can
be obtained as a m xture product of desired various a-olefin oligoners. The

a-ol efin ghjearBB®ipotiadi sWtHpreRgitr 9@ efitiohesardheCahtavie Bla@N® Eatube obt ai ned
in a greater anount in the mxture product by suitably selecting the

reacti on pe@dttodesiradacasivdaneolafin holigemersoceThef afolefindoligsngeann
a-ol efin oligomer of
having 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



the present invention, precipitation and adhesion of polyners in
appar atuses for the production such as the external heat exchanger. _and
troubl es caused thereby can be prevented and the stable conti hEEHRUARY 2006
operation can be conducted for a long tinme. The present invention will be
descri bed nore specifically with reference to exanples in the foll ow ng.
However, the present invention is not |imted to the exanples. Exanple 1
The foll ow ng production of an a-olefin oligonmer was conducted wusing an

apparatus sim to.the appar at shown in Figure 1. Pr.eparation of a
coral yot] STRTE d05. 1P BFTBOES cifuitBpetiotthe FPaPEtitRer . BeotimdP BB oanhydr ous
zi r coni umgf@tEAc kAL g ﬂagH§> Al WA 8488 dhide $hEXGRIC % AR NG GnwhNt F 0duced
under the atnosphere of argor ‘and the resultant m xture was 13 7 FEBRUARY

2006 sti rreglydiehlobfiem 'I)(’@%% )’%hléd)%]r oLt egRgEAt ure. THe t Rolhid urésh
triethylalum num[ (C2H5) 3 11 %a% added and, thereafter, ethylal um num
sesqui chl qri AL2CG1 . : S . nt L1 | .um num
and et hyl gp&?rﬁ%%%@q% %ﬁﬁor%lhd‘é@a‘e@e adj as{@éagigyﬂ%ehggér?héaﬁes%% ?S\(/)e anount s
of the catglystiLeonpaRERES WRloRints ( GHBIRAL/ daERHR) 3AdRGAGnent3- Swaset he ratio
by nole and [ (C2H5) 3A12C13 +(C2H5)3Al1]/2ZrCl4 =77 as the ratio by nole. Wen
t he addi t (6pHgI;AAl(C o Hxpsrhlg i t=s vamsctinplratiedyy theler sdil [( Gyl A3 Olze was
heated at 70C for 2 hours under stirring. Thus, a conplex is forned and a
cat al yst sdCuHishy\ll/a€lyprepaase dhe Trgiqpbypaode cBiterny she sulditivonofvall di | ut ed
with dried

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 a-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



cycl ohexane to a concentration of 1/100 of the original concentration. The
diluted catal yst solution was placed into catal yst tank 2. [O i gonerization
of an a-olefin] The oligonerization was conducted contlnuously Y 2006
reactor 3 of the conplete mxing tank type (an inner volune of 200 liters)
to which an external circulation systemfor renoval 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 bl ades and t he

| t h t | ad th t trod d
oo POt biBity o PR S xa%l%\?%%ytofﬁ}%plaw BRatd i PRy SS Mo iy Rour and”

catal yst TR S{ertal e feagtian 8?ss/%'Hﬁuexa%r}ﬁle%f%neﬁfﬁrtoﬁ%ﬁﬁ’@fvéﬁ n the
or gani ¢ sely Rl difte WIE ga}@as&ﬁ&%ngb@aébgumgga péchpagyane or

t he cataly respectiv e o I gomeri zation

con Condug%‘%qumh%/lﬁégmw ep% IP?QUI i bEMedt %e reggﬁ@{(%qqrgﬁgfew or

cont i nuously supp to t phase int ctor in a manner such

that the LeACUIPEMHDFIRE heVCINARUDE 3YPET dhe @x‘éeM%ﬁ éi‘ft‘#xlaﬁbﬂ y8RGhHI ON
m xture was stirred by the above stirrer at a speed

revol uti ofsy/ FAMFA: oftBbAY theNkiddtl cbhdia tEE ¥y ﬁi@ch@dlﬁﬁfn aza(sh@aﬁo&erdaw er

area: 10 nR) of the shell-and-tube type in the external circulation system
for renovédrmeftihieal stéde freal woaeerat 004y supplis@anidedna ysssiawoned by

formati on of steamfromwater at 100C supplied under a pressure and the
t enper at utlee tdmpéntueaoct ohie vescthe ptasdanstcanttaatt dt3MRD°CThelld Aowraite
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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of circulation was controlled by a valve 6 in a manner 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 oper atiERREARYRS 7
so that the liquid |level of the reactor was kept constant at 60 liters. The
residence tinme of the reaction solution in the reactor 3 was kept at about
50 m nutes based on the solvent (cyclohexane). In the above reaction, the
continuos operation could be conducted for 720 hours. The apparatus was
opened after npl etion of the continuous operation and the adhesion of

pol yner s %ﬁ@‘éﬁéﬁﬁe ed. Al nost no polymer scales were found in the external
circulation system and on the inner wall of tubes of the heat exchanger.
Exanpl e 2 The reaction was conducted under the sanme condition as that in
Exanpl e 1E§éﬁﬁﬁ%3that the reaction tenperature was adjusted at 120C and the
tenperature a he outlet of the external circul ating heat exchanger was

adj usted at 1196, eGSRl DA thder| hEXAR| Gty o FERRLARY 2006

was obt ai ned. e reaction was con e he  sanme conditi on

as that i Exaggiﬂérpl' @xéeg%%ﬁ%@twéﬁéi‘tat"‘@éﬂl‘ vitls S INASES PP kB A &1t R§peXChanger

4 in place wat er at 100C supplied 1 n Exanple 2. The contihuous operation

coul d be gpREuEEMe! At 1090ChAUPpIed IRCERPRPIAR US THE L 0ARERRIs@eAtioAONP! et i on
of the continuous operation and the adhesion of polyners was

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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exam ned. Slight adhesion of polyners was found on the inner wall of tubes
of the heat exchanger although no adhesi on was found in the .external
circulation line. Conparative Exanple 1 The reaction was condd¥EBRUNRIEZ006he
sanme condition as that in Exanple 1 except that the reaction tenperature
was adjusted at 110C and the tenperature at the outlet of the external
circul ating heat exchanger was adjusted at 105C. In about 300 hours after
the start of the operation, the operation could not be continued since the
line was cl ogged by the precipita | ymer s adhered to the circulating
line and PHfFRatasfepolaarstdhels stOOtf o HECHaLZ BRdYePD tBSmTaeEt i ve
Exanpl e 2 The ctl s conducted under the sane condltlon as that in
Conpar at i V& 'H%W§O tBé@@BFeF N4%e reaction tenperature was adjusted at
120C. In about 450 hours after the start of the operation, the operation
coul d not be continued since the Iine was clogged by the 16 7 FEBRUARY 2006
precipitates o ol e t he cj atin and.on the inner
wal | of tubes EPQ @?t Q ﬁ?ﬁag}esTﬁgl eg@Pﬂg“@?“Exa ngﬂgﬁdaéﬁnparatlve
Exanpl es he follow ng. Table 1 Exanple

Sfm E&}@Idz@%gléRg J%Rk?of[ox!v{‘n

Conparativ action ‘ature (C)130120120110120
Table 1
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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Tenperature at outlet of 125115115105105 heat exchanger (C) Tenperature of
cool ant at 10010090100100 inlet of heat exchanger (C Flowr

circulation (nB)5.96.26.26.522 Pol ynmer scal e* circulating a}ﬁEﬁﬁUARYzomi
| i negoodgoodgoodpoor poor heat exchanger goodgoodf ai r poor poor Ti ne of

conti nuous operation720 720 720 about about (hour)or |onger or |onger or

| onger 300450 good: Continuous operation for 720 hours possible and no
adhesi on of polyners fair: Continuous operation for 720 hours possible and
slight adhesion of polynmers poor: Continuous operation for 720 hours not
possi bl e due to adhesion of polynmers 17 7 FEBRUARY 2006 | NDUSTRI AL

APPLI CABI Ky YJg’i"RLQLe BPLICAER /N relates to a process for producing an
a-olefin ‘Uprgm%—rmre—‘pa'r‘t—rc ularly, to a process for producing an
a-olefin ol iggggr ru§§1§yln\%%tid&ﬁr§lai%s%t§ 'r&l:esfsgg ﬁ'r&&hd?ﬁ PG Sle

pl asticizers an sur ctants e the g nerat eat 1s renove lgy usi ng
an exter néh dyaet arﬁ?‘%@?@%’artl\ﬁ’ﬂ%ﬁ%nté ra%%c%%s%k'%ﬁ@dmﬁ a6 &‘61@{"1%10” of

pol ynmers in the external "heat exchanger is prevented and a stable

cont i nuougligpaeatiseful &anthber@thhtdies f@rhgh poBrhér¥e plddticizers and
surfactants while the generated heat 1s 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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7 FEBRUARY 2006 CLAIMS 1. A process for producing an a-olefin oligonmer by
oligonerization of an a-olefin in a presence of a Z egler-based catal yst
the process conprising introducing at |east a portion of a f@%%?BHﬁRﬁ¥waﬁct
which is taken out of a reactor and has a tenperature of 115C to 160C under
a pressure of 2.94 to 8.82 MPa into an external heat exchanger, cooling the
i ntroduced reaction product, maintaining a oligonerization solution taken
out of the external heat exchanger @% %enperature of 110C to 155C and
returning at |east a portion of the @ﬁ% nmerization solution to the
reactor. 2. A process according to Claim1, 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 externdl heAtpwresiafigeprodycing@noo-¢elimerligamenrbyi pligamesizatiore ofest er nal

heat exchanaglon 4 A, PR A" P RL AL, JPICHEL R Wathel L Vot
the obt ai npeoduc@hefak Neti HOFBRIion i ANre@dticBOPRIduAWHG 4s tikeh8 oGRIPON at ons.
19 reactor and has a temperature of 115°C to 160°C under a pressure of 2.94

to 8.82 MPa 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 to 155°C 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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