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_*c00002* 5 TECHNI"GALsFI ELD The present invention relates to a process for
produci ng a-ol efin oligomers. Mdre particularly, the present invention

‘relates to a produci ng a-ol efin oligomers by subjecting
a-olefins to ,m,mmwum”ﬂmul on reaction in the presence of a catalyst and an
organi ¢ solvent, iaA--which pol yrrersgaﬁ?ﬁ]cgf iﬁ%ﬁf fectively prevented from
bei ng deposited onto a wall surfac B phase portion of a reactor

to thereby allow the reactor to be staBly operated for a |ong period of
time. BACKGROUND ARTS 15 Al pha-ol efin oligoners having unsaturated double

oo MTASIMIRMANIL *, conelaeds RO RIRPRIRRE ORISR HHBHBRERC™, oronomer <

for varige+hi gh- nol ecul ar polynmers as well as raw nmaterials for
pl asticizers, surfactants or the Iike. The a-olefin oligonmers have been

gener alsl y preduqed APYFREOLO! i goneri zing ethylene in a solvent in the
presence of a Ziegler catal yst. However, in the oligonerization reaction,

there is such arhepdest ihPatitith 9ated eFalhasceR? i Miodubirgds Qmed are
deposited onto a wall surface of a vapor phase portion |ocated in an upper

part of a dlkashers. WNIbrd fertRadsadgethef pidsart invientioa 1@l4teo e bipgatdsgfor eact i on
is continued without renoval of the 25 high-nol ecul ar pol yners deposited,
gradual grpndincirig thdefinlofigemerobe wudjecting dotefrsorolpohystrgicw eaktioal | y
dropped in a reaction solution owng to increase in their weight. The

hi gh- nol edal thre pisisgree of dcoibest autian el aciedolventhism whiddt pagnses vcande wil |
cause clogging of an external circulating-type heat exchanger provided for
r enovilfg tegfﬁe 21y prevesded from beiig derossfedmntp aowallisarfare of jaj vapor @heee such
di sadvant ages, occur, it is required to stop the continuous operatiqn of the
react or arRPréWdeLc{% reqGiar Bbﬂ@&igbmgﬂpyn%\ﬁaneaéﬁortth@eﬁéamr o1 adang
therein. In or e£ to inhibit the deposition of polynmers onto the wall
surface ofP&'hH 8L Mfor phase portion of the reactor during pol ynerization
reactions, for exanple, upon production of acrylonitrile-styrene copol yner
resins, styrene resins or polynethyl nethacrylate, there is known the

nmet hod in &GRO@WA?@S‘“ on of nmononers as raw naterials and a sol vent
IS spraye%rumor phase space of the reactor to wet the wall
surfagg of the XBAOL EGinPAARE & r}ﬁ}girag%fnshﬁﬁa&@&%eme%&s%fgp adtedype the

anount of the pol'yners deposite onto (Japanese Patent I catlon

Lai d- open fputR4 dB®eh- atbRiam@rusefllll SulidiRhicaahh @habaibesn et dlpRsdat @i | s
of the spraying nethod, though it is only described that the solution to be
sprayed i sask@phoaiera foroieindared puilydet 9 aft@CombhoMezo fort atieud S known the
technique in which a part of a solvent is atom zed and supplied to a vapor
phase por thigh-mbleaulaapolymere aswalbas eaw matereals faut plastiofzerd)susfacvarntts i n

t he vapor phase_lgorti on for preventi n%the deposition of scal es thereon
(Japanese ®dherikeppThe at¢lefin lodigdmeye hane besn-geardly prwslveedy t hi s

techni que i.s appl.i cabl nly to limted polynmers 20 such as

pol ya |d}h&qm¢rézmswfm edn arpptvent/ENthenresrach pka digelencatalysén has been

made in view of_.the abaqve bl ens, An obg; ect of the present q‘liﬂr;}ven ionis
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time. If the oligomerization reaction is continued without removal of the

25  high-molecular polymers deposited, gradual growth of the polymers occurs,
and the grown polymers are finally dropped in a reaction solution owing to
increase in their weight. The high-molecular polymers dropped and included
in the reaction solution will cause clogging of an external circulating-type heat

exchanger provided for removing the heat of reaction, failure of pump or the



"As a result of extensive researches, the present inventors have found that
t he above object is achieved by spraying the sane solvent as used in the
oligonerization reaction in the formof a linear or bar-like pressure fluid
toward a wall surface of a vapor phase portion of a reactor froma nozzle
fitted 5 within a space of the vapor phase portion of the reactor. The

present | et (90 DaRPERNARSEATRL BRK; 00 LhSHRATh AT (RSNG| Thus,

t he prese proces produ an a-o n ollgoner

by SUbl ectiaga Aty 31 0hELL f14h a0l BRTEL Gl ANAEREE LARGL LB AERRRGE Of o

cat al yst a an organi c so spray a sol vent
10 cont ai rq @gaﬁg&tﬁé | ¢ solvent in the for m of a I i near or bar-l i ke
pressure f tovvar a wall surface of a vapor phase portion of a reactor

froma nozzle fIht&%@x%iﬂh'Bﬁth%p&&ﬁ)sﬁioﬁ bEpctgis BRASELORLLIARERE of B

reactor to conduct the oligonerization reaction while cleaning the wall

surfacs ofy Cga@ pHABE HoPHBR Of PRE FéRB00AutiRG PobpabALatid® rBRtEDEICRI PTI ON OF
THE DRAWNGS Fig. 1is a schematic view showi ng an exanple of a reactor

used in thaapiglecapon Phoicibicoigrratoaligfilienstprdn@umBoE mee fistihd) Gtrent he
present invention. Fig. 2 is a schematic view of a reaction apparatus used

i n Exanpl essainthirdh]lomhylatmiettleactydainp) there B knownithe anstihdd ivivelichfa t he
reactor used in Exanpl es which shows a position of a nozzle fitted therein.
Fig. 4 is mixedpsobhion of avermimérsensreac trteriakscan dha Bxbeplt és spiuyet istooams  a
position of a nozzle fitted therein. 25 PREFERRED ENVMBODI MENT TO CARRY OUT
THE | NVENTIp@rivapoh@hasespsee blothepreadioeitagyed-theeralh sutfagenbthe vammr ding to
the present invention, a-olehns as raw materials are subjected to
ol i goAPri phaseportigetaf ke reactor and thereby reduce the amount of the polymers

deposited thereonto (Japanese Patent Application Laid-open No. 9-77806).

However, this publication fails to mention details of the spraying method,

though it is only described that the solution to be sprayed is kept at a

temperature of 0 to 60°C.

15 Also, there is known the technique in which a part of a solvent is

atomized and supplied to a vapor phase portion of a reactor to increase a

concentration of the solvent in the vapor phase portion for preventing the

deposition of scales thereon (Japanese Patent Application Laid-open No.

49-86478). However, this technique is applicable only to limited polymers

20 such as polyacrylonitrile.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above problems.
An object of the present invention is to provide a process for producing a-olefin
25  oligomers by subjecting a-olefins to oligomerization reaction in the presence of
a catalyst and an organic solvent, in which polymers can be effectively
prevented from being deposited onto a wall surface of a vapor phase portion of
a reactor to thereby allow the reactor to be stably operated for a long period of

time.



“in the presence of a catalyst and an organic solvent. -3 The a-ol efins
~used as raw materials in the oligonerization reaction are not restricted to
particul ar ones, and include, for exanple, CZ-C~ a-olefins such as ethyl ene
"and propylene. O these a-olefins, ethylene is especially preferred. 5 As
the catalyst) there may be used Ziegler catal ysts and chrom um based

peci Ticai 1y, 48 EREsUn ot BRI SRt P aBEsFiiab e RS nab S fEund cat at v
an° or ganodh ARt APEbREEREY AoVl Buabife Hf ik el St R e’
compounds PHsPREiA RS- PR TR e GRIRTAN e lan HAITHEe JRESERS MR, o1n°W
ol ori o, BF AR Al BB U ) DR R AR B B el )
(cycl opent,agdh i1 Ish aWO6F f ey dp drSph d 2GR ti8h O?rtg?%%%ﬁ%l%aﬂ?‘?ﬁ%e%tkyl’ or a

(3-di ketonato group represented by the gener: O. C (rl
\ - A /inﬁ?eﬁtiﬁi@h‘M@Qfe@hrhc&lméEB%h@ﬂ@nRBleagis'dTQBP@ﬂH&iHé.y a hydrogen atom

Cl to C20 al kyl or 20 C1 to C20 hal ogen-substituted alkyl with the proviso
that one of RI1,TIR%,ahdpk&ent invention provides a process for producing an a-olefin
oligomer by subjecting an a-olefin to oligomerization reaction in the presence
of a catalyst and an organic solvent, comprising the step of spraying a solvent
10  containing the organic solvent in the form of a lineax or bar-like pressure fluid
toward a wall surface of a vapor phase portion of a reactor from a nozzle fitted
within a space of the vapor phase portion of the reactor to conduct the
oligomerization reaction while cleaning the wall surface of the vapor phase
portion of the reactor.

15
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is a schematic view showing an example of a reactor used in the
process for producing a-olefin oligomers according to the present invention.
Fig. 2 is a schematic view of a reaction apparatus used in Examples and
20 Comparative Examples.
Fig. 3 is a side view of the reactor used in Examples which shows a
position of a nozzle fitted therein.
Fig. 4 is a top plan view of the reactor used in Examples which shows a
position of a nozzle fitted therein.
25
PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION

In the process for producing a-olefin oligomers according to the present
invention, a-olefins as raw materials are subjected to oligomerization reaction

in the presence of a catalyst and an organic solvent.



"is'Cl to C20 hal ogen-substituted alkyl and x, y and z are respectively an
integer of 0 to 4 with the proviso that (x +y + 2z) is 4. Specific exanples
of the transition nmetal conpound include zZrd ~) ZxBr~, Zrl~, ZrBrd 3,
"ZrBr2dz, TiC~, TiBr~, Til~ TiBrd3, TiBr2Cl2, Zr(OC2H5)~, 25

Zr (OCzH5) zd 2, Zr(0-n-C3H~)~, Zr(0-n-C3H~)2C z, Zr(Oiso-C3H,)~, -4
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T e T e IR
£ (OO R BAR by RIS B p B4 SR MRS, o

Ti (O n- C"fﬁ'lafel‘l'a_él.( 0-n-C~H9) 2C z, Ti(0-iso-C-H9)~, Ti (0-iso-C~H9)zd 2,
Ti(0-tert-C-H9)~, Ti(Otert-C-H9)zd 2, Ti((CH3)zN) ~, Ti ((C2H5)zN) ~,

Ti ((n-63H~) 2N) Ag fiid &dt%fs@?’ﬂ*fél%%ay*be-ﬂsé& 71 &etEPd 2l yots AhG(tert- C-HI) zN) ~)
10 Ti (GSCBCHB) ~, Ti (OSOBC2H5) ~, Ti ( OSOBC3H7) ~, Ti ( OS03C~H9) ~, Ti Cpzd 2,

Ti Cp20Q Br ,chf¥mfi 62480 cata st SCAREBI26] Ziedet (X E e saltaBRORRT) 2C12,
Zr (OCOC~H9) ~, Zr (0OCOC~H9) 2C12, Ti ( H5) ~, Ti (OCOCZH5) 2C12, Ti ( OCOC3H7) ~,
Tl ( OCOC3H~) ZC12)ofld §¥eFcalD), as thie(iXabldg)e2lehLat dlycts; thER0hePHezused

ZrC 2( CH3COCFCOCH3) 2 Ox' the like. 15 These transition nmetal conpounds (A)
may be usedtalysheysiemisrconmpiisingttherconfbination wH(Ar a tmsitienedhl As t he

or ganoal um num conpound (B), there may be used thgse conpounds represented
by the gercomgioungt, §B) an(organoalamiaxiyOeowipownd,)arpd (Ghan eptioxal thiad hal ogen
atom sel ected fromchlorine, bromne and iodine Yis RO, RRN-, -OCOR or R
wher eilf Raompaneasused ibremuked C1 to Czo alkyl and a, b, ¢ and d are
respectively an integer of 0 to 3 with t proviso that (g + b + ¢ + d) is
equal to 3, and?‘%alec%@%“é‘ﬁhﬁkﬁ}ﬂh%omﬁwfégm Qberwntaﬁ@egléegrt&psq ormula (1V):

25 Al 2Ya~Xb~O~~ [ wherein. X is a | ogen.at om sel ected from chl ori ne,
b on e andTIRSEIHS PpidsetEt Btk echePRpaREAR OOR: or R whereln R R
and R' are resm%&v@y | i near or branchpd Cl1 to C20 alkyl and a', b', c
and d' are respecti¥efy an integer of 0 To Gwith the proviso that (a' +

anc, d, & very an , \ g
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Al ( CzHiz) 3,sefdctédB Fiohs chir{ri s Grodilihie andAbdigeHn @ Y A ROSR.EHBDEORY ( CSHL1) 3,
(CsH 3)3, Al (CgHI; )3, Al (CzH5)zd) Al (CzH5)~Br, Al (C/HB)zl, Al'(C2H5)d z,
( CZH5) Br-DSK, RH50 b Zcy BopdrFA IR wWh) Pein RL L6 CRH)ad.chall € Ho (QG~H) 2,
(OCzH5) 2C1, Al (OC3H-)zO, Al (OC~H9)zO, Al (OCZH5) Cl2, Al (OC3H-) C12,

( OC, ~H9)dTkgl, oALRd5k 2CRREHBYcp WfFakin(tEOBEIHe o2 n eAdl 3+ (ROAD:HI) 2,
(OCOC2H5) zO, Al (OCOC3H7) zOl, Al (OCOC~H9) zdl, Al ( OCOC2H5) C12,
(
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OCOC3H7) O z, Al (0COC-HRJ Cl12, Al (C2H5) 20C2H5, Al ( C2H5) 20C3H~, | O
C2H5) 20C~H9, dAI(CZH(S:)/iN(CZHS)Z, Al (C2H5) 2N( C3H-) z, Al (C2H5) 2N( C~Hg) z or
° N
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wherein R1, R2 and R3 are independently a hydrogen atom, C; to Cy, alkyl or

>>>2>2>2>>
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20 C; to Cy halogen-substituted alkyl with the proviso that one of R1, R2 and R3
is C; to Cyp halogen-substituted alkyl; and x, y and z are respectively an
integer of 0 to 4 with the proviso that (x +y + z) is 4.

Specific examples of the transition metal compound include ZrCl,, ZrBr,,
Zr1,, ZxBrCly, ZxBryCl,, TiCl,, TiBr,, Til,, TiBrCls, TiBryCl,, Zr(OCyHg),,
25  Zr(OC,Hg),Cly, Zr(O-n-C3H,),, Zr(O-n-C4H;),Cly, Zr(O-iso-C5H,),,



" Exanpl es of the organoal um num conpound represented by the above general

~formula (1V) include A12(CH3)3C13, Al z(CH3)3Br3, Al2(C2HS5) 3C13,
Al2(C2H5) 3Br3, Al z(C2H5) 313, Al2(CzH-3Brd z, Al12(C3H7) 3C13,

"Al 2(i so- C3H~)3C13, 15 A12(C~H9)3C13) Al 2(1SO C-H9)3C13, A12(C5H11) 3C13)

Al 2(CgHI ~) 3C13, Al z(C2H5) 2( CH3) C13, Al12(OC2H5)3C13, Al z(OC3H7) 3C13,

A12( OC~HO . C13, - AL26050C3K2Y 3CE3. HAL2( 00AC-HI) 3C13 O th
ke Therd O A TR o A O GuHal (830 Tog e 2t 77 dre CaPot °
nbi nat i J(Of.: ar e L.h f. . A ; i | third
component P IRl 2RO G AR L GH LR HECRBLR Lo Leed

t | t d t ) (8L f |
20@33?@3%&%%&3&2@” Zf:lgdrlr%géﬁd)sz aﬁ,? ltrglﬂg? %%?%@%%L%Q%%Nﬁﬁi rgr conponent
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particyl arZMm§@4H§)$%ﬁ%zlm9,%@2mBy ’Pi'(@CQHgHDCI‘i@GZLH5)gQI§PPUHdS-

Exanpl es of the ‘sul fur compoufnds irclude thi6ethers such”as “di net hyl

sul fide, di%ORIC I, TEO-HRIEDL, STHOHIE-CH1 NEMO58d-Ti,He), ), cycl ohexyl
sul fide and di phenyl "t hi oet her~ di al kyl disulfide conpounds such as

di met hyl  dTK0-hi i) di B O -C,H,), (i, STi(OHide,C Hgb{,dlﬁ@-isﬁ-@gﬂgbﬂﬁz, di but yl
di sul fide, dihexyl disulfide, Jﬁcyclahexyl i sul fide and ethyl net hyl

di sul fi . deFi(Onterpiighkg,, SLi6h-tast-CiH g Bbn &1 (CHpNy| TIKCIpheNe,, 3- net hyl
t hi ophene, 2, 3-di nethyl thiaphene, 2-ethyl tlliaphene and benzot hi aphene~

hot e ocycl T ity barfitlinad gt eyt The 1 8 sty ariifeen Bt hf opyran-
et hy [18her SO Qi deTHAS Qulidhls p AP Ostt ik e THGISREC s, RiCPofls such as
e hor we B b RO Bl RO et ot par 1 cul arl y
oSt e DRGSO B eI R ARRenYS, EOTRRIC A0 Exarpl oo o
phosbhl ne. il e RESAIIGE G K SnklogbESk g, P RnoSPh ne
Chay axe allO G0 EHRL AN BICOCR LN, PACL IR OCFEOEH A S URPLKETO 29

conMpoypRds &é@&ﬁngftﬂﬂmn%ltﬁné. eonﬁﬁg((ﬁ?%é?hgXx'se&’%dgﬁeeg(x‘;ilﬁf‘é’dml?iﬁiaﬁ%n dir opy!

am ne) butyl am ne, pentyl am cyc am ne, octyl

am ne, decyly aRbRe maRl thepsof. benzyl amine, naphthyl amine, dinethyl anne,
di et hyl am ne, dibutyl am ne, Bi phenyl am ne, rnethyl phenyl am ne,

trimethyl am neAsthié ekdutoadiinigun éonipbudd EB)i blgsredfay b Rired)thosdri ne,
pyriBine and picoline. In tlxe present invention, of various sulfur

conpounds, comnosyaiy xep resatediysthergbneralrfopanla 6ifPounds as mentioned above,
for exanple) at | east one conpound selected fromthe group consisting of

di met hyl di sul f%XanNalphene, t hi our ea,(HtI)ri phenyl phospl ai ne, tributyl
phosphi ne, triqctyl hasphi ne, aniline and the like, is especially

25
pr ef eR8bl ywheraingsig ﬁ@aiflﬂ%’o@a@m s¢legted dxamphdarine, hramine gadileding Yeist used
in the ol i i zat i di.ng to th t i i on_i;ncl ud
napht hene-Raseiey dPSQREG R Thefriad & farrmierihed focaiGnatcsh gaddhc
hyd b b tol. , 5 xylene, chl et hyl
bonzene, Qi Qi AERBHEIE AP Sk GEAAD DV LS ga SR ar (At dirt €

conmpounds ther eof i phatic hycliocarbons such as pentane, hexane,
hept ane, &@f ﬁ%%a§8§§n§n§&ﬁ decane~ hal oal kanes such as di chl oroet hane and

hyar ocar b e Pehnfs xpdfeseied BF9E: PLEAM BaRITTRE: | BT 0 Cd &l one or in
the fogsm of a nmﬁtyté,og%,@chgny two or nor€ryher eof .
wherein X is a halogen atom selected from chlorine, bromine and iodine; Y is
RO-, RyN-, -OCOR, -RCOCR'COR" or R- wherein R, R' and R" are respectively
linear or branched C; to Cyq alkyl; and a', b', ¢' and d' are respectively an

integer of 0 to 6 with the proviso that (a' +b' + ¢' + d') is equal to 6.

.5.



"The respective mxing ratios of the conmponents (A), (B) and (C) relative 10
.15 to the organic solvent are as follows. That is, the conponent (A) nay be
_used in an amounts of usually 0.01 to 5 mmol, preferably 0.03 to 1 mmvl per
250 m of the organic solvent the conponent (B) may be used in an anount of
usually 0.05 to 15 mml, prefer ably 0.0Gto 3 nmol per 250 ml of the

organi ¢ sol ventna e onent : Jn. 0, ual l'y
0.05 to 20 rrm)lEx%ﬁgi%r%fﬁglgg%ggn%flggilgﬁﬁ%cﬁﬁg#&r\%ﬁé@eﬁgntgmhec%bn%gunds
compounds 7t het AROCRRE Sk ORI, MG MR RRY . per
250 m of any 1t . It JEX]. i of ) onponent s
(A) and (Eﬁng grgg’é?!égg(g@ﬁ%ﬁgaﬁé‘lg%&l%@g(nt %‘:SP%(fﬂgé_c}ﬁﬁ% ,él((?%& 'ar ratio
Of AL/ Zt ofI(8LES) By, WNCHR)IIRAIC,H-)01L Al HATBe, olllegapyj zat i on T eact i on
o 156 L (s L5050 AR SO GO e vt 62
dependi nngﬁozn th§ tenﬁ%étzur)e a%dég’r essiu{ge an(d,gthﬁreforqg, cé;not be
limted t N§Clc A HOWeAICO L. I, cAL(@€ED;) ClALOC jlgClgact or i s
usual I'y a?&tﬁ?% agﬁ;; ?}.é%n(ut esézﬁ?ﬁi éié);}gf(i n oé;%o)ger sI obt afgned by

t he produ Odie6c , o (EX 0N ent( D(¢:9) beus ol i gonmers
having 4 or nore carbon ezltoms, especigl l&é 4 to 518 carbon atons. Specific
exanpl es oADK @Bkl ABOCEYET 9, ChALE 0L MY sile AHO GO Hs) Slach as

1- but ene, 1-hexene, Jl-octene cene,  1-daqdecene, 1-tetradecene,

1 hoy ot RO B B o AIOGO G TR A GO AL AL

7’8_ .
0 “a KO i P BNl MR et IR R
producing th -olefin oligoners according to the pr esent invention, a
sol vent cd?ﬁfzieﬁil]ﬁ‘@ the sanme solvent as used in the 5 oligonerization

reaction is sprayed in tﬂ formof a.linear or bar-1ike pressyre fluid

toward a val | SUFPRELHt e BBRORHABUBLFaPBAv A e FRiRes, theabover
ired, ' t &t | ft td f

nossl o 11 (1B (I Crnait e ORISR R ARG hbact or o

duct th ' g ' i +01.efA i h- |
corduct AR DB A o s My

surface of the”10"vapor “phase no pref érabl e

to spriay tAB(CHIYEOL, iAl,GReCELYON, AL, (G )0, PXleEs M &) Olyi d. The bar-1ike

pressure fluid neans that the solvent is straightly sprayed w thout

scat t er i ngAB(Oskig),(VHEICIE hal,§0CyHY,Cls ANCO )01, A, (06 HpiClsuch a
bar-like pressure fluid, the sprayed solvent can surely reach the intended
posi t i ons. AlFHRCEWTaFent ChioAl DG HeClys AR Q€ gHpi;Elsai therdikas used in

the ol igonerization reaction may al so contain various other solvents in
addi tion to theThespaorgansalunemunybepsunie (B) ingoyrier usesk alone oeaet i on and t he

objects of the present invention are adyersely affected by the use of such
sol vent s. combination of any two or more thereof.

20 Further, as the optional third component (C) that may be used according
to requirements, there may be used at least one compound selected from the
group consisting of sulfur compounds, phosphorus compounds and nitrogen
compounds. The third component (C) contributes to improvement in purity of
the a-olefin oligomers as aimed products.

25 The sulfur compounds usable in the present invention are not
particularly restricted as long as they are organosulfur compounds. Examples
of the sulfur compounds include thioethers such as dimethyl sulfide, diethyl
sulfide, dipropyl sulfide, dihexyl sulfide, dicyclohexyl sulfide and diphenyl
thioether; dialkyl disulfide compounds such as dimethyl disulfide, diethyl



In Fig. 1, there is schematically shown an exanple of the reactor used in
20 the process for producing the a-olefin oligomers according to the

pr esent |nvent|ond1Aiﬁshovvn in Fig. 1, aring 3 having a plurality of
bar - shaped nozzl es X éefdljt lto a vapor phase portion of a reactor 10
equi pped with a sk Irjtﬂirb 2. asu Hap(? zzI es 4 have such a structure
capabl e of sprayln }f;g} inthe 1oR |ke ressureflwd
toward the wall rface 1 of ‘S&mey Qfl\@a phase port|(1>1 ctor or a
mechani cal seal EM fReehag rals G ar(ti HDp:ng, ent an |nI et gf% oﬁej’(yl
the solvent to %nﬁzg{ ayed, an(%iy lmfwn@ &g}gOf a re%@ﬁ@rﬂh |g§
respectively. Int }HPB bend: He@ventl on, ad @tdnpretj uIPI\/\/een a t| p Nudthy]
each nozzle @nda h ortion to kadilctga&f oI vent sho g éfm
preferably 20 cm or "$Pyrahpgter in or der t4 G duads k) sgr ayed soPResente 4,99
surely reach thﬁs dse surface ot t‘tﬁdf‘ |caI seal t@@alq %@ pressure
is usually as high a Qtﬁiby] ?14 t.0 about Sl\%laah ‘ﬁiﬁl that the @1816 Bene
density of thesu@pgg hase por t)ﬁlsiuﬁwg (gmalil hi gh é@@fl@p% f,.t he

sol vent sprayed is n ehmlmh]ﬁ fo%tg)t‘yof a th re flul Mlqme
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"20 capacity: about 200 liters) as schematically shown in Fig. 1.

. Cycl ohexane as a solvent was fed froma solvent tank 11 through a punp 12
to the reactor 10 at a flowrate of 500 liters/hr. The flow rate of the
cycl ohexane sol vent was controlled at a valve 14. The cycl ohexane sol vent
was heated to 135C by a heater 13, and then 25 sprayed from nozzles 4
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rotating shaft of a stirrer. The catalyst solution diluted with cycl ohexane
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The heat reacti on was renove eaction solution

through a JiephodddedHBeuhdPardasdd ﬁé‘ﬂﬁ@&ﬁﬁg}o tf(C) L5 450 kher exé er nal
circulating | oop (heat transfer area: 10 n2) by a punp 21. The heat 25

exchanger gkgan@ssdivemd.i ed with water under pressure froma water tank 18
through a punp 19 and a heater 20 where the water was heated to 100C. The
wat er suppl i ed Ao} the Ingah gevativandehe vaapenaps(a) addi(B) arsheae f or renovi ng
the heat fromthe reaction solution circul ated therethrough so as to keep

t he tenpermtetexably controlléd suetathatr theomolengatintof &/Zr30@AL/ This ifl thw naage 12

of the reaction solution circulated was controlled by a valve 22 such that
the tenperdtluf®l®f the reaction solution at an outlet of the heat exchanger

17 was kept co tanﬁE at 125C. After be'a‘% conti nuously operated fqr 720
hour s 20t he react®? CH80MEEZENEP SRR IHOLLRISECHIHEVARIOB MAY eaﬁyaﬁw ymer

scal es Werpeergoe e Elgg tgri?lpterl]a%ure of 115 to 160°C under a pressure of 2.94 to 8.82

MPa-G. The reaction time varies depending upon the temperature and
pressure and, therefore, cannot be limited to a specific range. However, the
residence time in the reactor is usually about 10 to about 60 minutes.

25 The o-olefin oligomers obtained by the production process of the present
invention are various oligomers having 4 or more carbon atoms, especially 4 to
18 carbon atoms. Specific examples of the a-olefin oligomers include ethylene
oligomers such as 1-butene, 1-hexene, 1-octene, 1-decene, 1-dodecene,

1-tetradecene, 1-hexadecene, 1-octadecene or the like. The a-olefin oligomers



‘vapor phase portion thereof. As a result, it was confirned that no pol yners
_were deposited on the vapor phase portion. EXAMPLE 2 The ol i gonerization of
ethylene was perfornmed in the same manner as 10 in EXAMPLE 1 except for
setting the solvent tenperature at an outlet of the heater 13 at 120C.
After being conti nuously operated for 720 hours, the reactor 10 was opened
to exam ne

I I d h
phase por BFEHHGH %C§8Jr aifi o 3R pBra Ty SEL Bl e o ﬁf £ Bt et 15 |
d ] EXAMPLE 3 Th tion
2}:5?: ﬁﬁgf\ﬁégjger o‘ﬂ%ae gPﬁl%rﬁgf‘l@%BQS?Qﬁ RS EXANPLEeloe;(gggfr:‘légcl 0200
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Af ter gel ng co!r[lé(l nug{lﬁ({@ﬁ?f(ﬁeﬂ;ﬁ %ugir%%ﬂl%gé oursg&{fﬁesh;r?%]gg oé%igﬁwas opened
Lo exam ng, mﬁ&hﬂveﬁcﬁoms&%p ARfing 4R S2mBRL A ARSI LAdn Gt e vapor

phase portion thereof. 'As a res , It was conflrrre that the pol yners were

deposig edoh?o&@ﬁzﬁﬁbﬁ‘r@ﬁct@o #?1“&1' LA RRhEfdraNES o Bidiehy @k Habaianetsphase
portion of the reactor ARATI VE EXAMPLE 1 The ol i gonerization of

et hyl ene flasd pewhed Besall Buifi€e SAH® afBP PRAsEForitidonEfAMBLIEadtoe@plf f or using
full cone nozzles for spraying the solvent in a comcally and circularly

spread napggiiredisoeaddef metieamiant sédped ozt eshdft offal irreefroem &nkilauously
operated for 720 hours, the reactor 10 was -13 opened to exam ne whet her

or not anfitied yithin acsplaes ofihievdppophdsecartion e thepedctph s eorluct tloa
thereof. As a result, it was confirnmed that the polynmers v~~ith a thickness
of about éhmmwlzetldapeam(uﬂofm deubshaletderniyg ¢he iwadl surfaacef thie t he vapor
phas el or Ergr%lr Sﬁa;eh§orrtﬁ)%céf()tr}1e r%actor. It is more preferable to spray the solvent
in the form of a bar-like pressure fluid. The bar-like pressure fluid means
that the solvent is straightly sprayed without scattering around. When the
solvent is sprayed in the form of such a bar-like pressure fluid, the sprayed
solvent can surely reach the intended positions. The solvent containing the
15 same organic solvent as used in the oligomerization reaction may also contain
various other solvents in addition to the organic solvent unless the
oligomerization reaction and the objects of the present invention are adversely
affected by the use of such solvents.
In Fig. 1, there is schematically shown an example of the reactor used in
20 the process for producing the o-olefin oligomers according to the present
invention. As shown in Fig. 1, a ring 3 having a plurality of bar-shaped
nozzles 4 is fitted to a vapor phase portion of a reactor 10 equipped with a
stirrer 2. The bar-shaped nozzles 4 have such a structure capable of spraying
the solvent in the form of a bar-like pressure fluid toward the wall surface 1 of
25  the vapor phase portion of the reactor or a mechanical seal 5. Reference
numerals 6 and 7 represent an inlet pipe for the solvent to be sprayed, and a
liquid level of a reaction solution, respectively.

In the present invention, a distance between a tip end of each nozzle and

the portion to which the solvent should be sprayed is preferably 20 cm or



"I NDUSTRI AL APPLI CABI LI TY I n accordance with the process of the present
_invention, when producing a-olefin oligoners by subjecting oc-olefins to
oligomerization reaction in the presence of a catalyst and an organic
solvent, it is possible to effectively 10 prevent polymers from being
deposited on a wall surface of a vapor phase portion of a reactor, so that

1A procobg B R aHER ST G et edy %3%%? P ath bt Vi awjfﬁéc Pori in
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sol vent, a so
I b d [
surface ;);a gpéémplﬁ% esgéﬂ??@he‘”apoiﬁe&gi%o?rtf?‘?.‘v‘éi»ﬁr Rbs¢ gm%ﬁ“cfn[@daw-“?m " a
f
zloﬁggrrgrl tzegkﬁe‘éﬁ& %g??iﬁh\ﬂﬁ% g'fggen%drjlge%@%q\%gﬁi gl?ﬂlce ofowﬁhe vapor phase
portiop ofyahhekd ??é‘s'fsﬁ{e f1htH and tHE dR§ABES BeBRGR Hegp A dTfaheh hoz¥as@ N the

sol vent sprayed toward the wall surface of the vapor phase portion of the

reactor i ghepositeod @ whath theédslvéntkshal @ $supeafddiisdnoddthin IhempER&ess
according to claim11 or claim2, wherein a distance between the nozzle

fitted v~ mhjﬂbacdl’f'&?mhpﬁmek(ﬂlatlﬂleeEmedrsbh&etﬁ@lﬂé toteah theerirmedct or and the
wal | surface thereof is 20 cmor shorter. 4. The process according to any
one of cl @ioseidn.to 3, wherein the pressure 20 fluid sprayed has a
tenperature of 110C or higher. 5. The process according claim1) wherein
the catal yst i d’*\atml@ghespw@ﬂ savent preferably has a temperature of 110°C or

10 higher from the standpoint of good cleaning effect, and the pressure fluid
sprayed from each nozzle preferably has a pressure higher by about 0.3 to 1.0
MPa than the pressure within the reactor. If the difference between the
pressure of the sprayed solvent and that within the reactor is less than 0.3
MPa, there may occur such a disadvantage that the sprayed solvent cannot be

15 reach the desired positions, thereby failing to attain a sufficient cleaning effect.
On the other hand, even though the pressure difference is more than 1.0 MPa,
the cleaning effect cannot be enhanced to such an extent corresponding to the
large pressure difference.

Moreover, in the case of the reactor whose vapor phase portion has an

20 elongated length in a vertical direction thereof, the cleaning effect for a lower
wall surface of the vapor phase portion can be enhanced, for example, by
providing a plurality of rings each having the same structure as shown in Fig.

1in a multi-stage manner.

25 The present invention will be described in more detail with reference to
the following examples, but these examples are not intended to limit the
present invention thereto.

Meanwhile, the following examples and comparative examples have

been performed using the reaction apparatus schematically shown in Fig. 2.

.10.



"G The process according to claiml1, wherein the a-olefin is ethylene, and
25 the organic solvent is a hydrocarbon-based solvent. 15
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solution was diluted with dried cyclohexane up to 100 times by volume, and

15 charged into a catalyst tank 15.
(2) Oligomerization of Ethylene

The oligomerization reaction was continuously conducted using the
reactor 10 of a complete mixing vessel type equipped with an external
circulating loop for heat removal (height (H): 0.3 m; width (W): 0.6 m; inner

20 capacity: about 200 liters) as schematically shown in Fig. 1.

Cyclohexane as a solvent was fed from a solvent tank 11 through a
pump 12 to the reactor 10 at a flow rate of 500 liters/hr. The flow rate of the
cyclohexane solvent was controlled at a valve 14.

The cyclohexane solvent was heated to 135°C by a heater 13, and then

25  sprayed from nozzles 4 fitted to a ring 3. The nozzles 4 were constituted from
four nozzles 4a directed toward a wall surface of the reactor, and one nozzle 4b
directed toward a mechanical seal. The fitting positions of these nozzles 4 are
shown in Figs. 1, 3 and 4. Fig. 3 is a side view showing the fitting positions of

the nozzles; and Fig. 4 is a top plan view showing the fitting positions of the

.11.
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The catalyst solution diluted with cyclohexane was fed from a catalyst
tank 15 through a pump 16 to the reactor 10 at a flow rate of 40 liters/hr. The
solvent tank 11 and the catalyst tank 15 were appropriately replenished with
10  cyclohexane and the catalyst solution, respectively, when the liquid levels of
these tanks were lowered to predetermined heights.
A high-purity ethylene gas was continuously supplied to a liquid phase
side of the reactor so as to maintain the reaction pressure at 6.4 MPa-G.
While controlling the liquid level of the reactor 10 by a valve 23 so as to
156 keep the volume of the reaction solution therein constant at 120 liters, the
reaction solution was fed to a flasher 24. The residence time at the reactor 10
was controlled to about 13 minutes on the basis of the solvent (cyclohexane).
The contents of the reactor 10 was stirred by two-stage stirring blades at a
rotational speed of 200 rpm. Slant paddle blades were used as the upper
20  stage stirring blades, and turbine blades were used as the lower stage stirring
blades.
The heat of reaction was removed by circulating the reaction solution
through a shell-and-tube type heat exchanger 17 fitted to the external
circulating loop (heat transfer area: 10 m2) by a pump 21. The heat
25  exchanger 17 was supplied with water under pressure from a water tank 18
through a pump 19 and a heater 20 where the water was heated to 100°C.
The water supplied to the heat exchanger was evaporated into steam for

removing the heat from the reaction solution circulated therethrough so as to

keep the temperature within the reactor 10 constant at 130°C. The flow rate

.12.
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f"10%" & () - &i@e/f&bél)hgjco%QfHuously operated for 720 hours, the reactor 10 was
5 opened to examine whether or not any polymer scales were deposited on the
vapor phase portion thereof. As a result, it was confirmed that no polymers
were deposited on the vapor phase portion.
EXAMPLE 2
The oligomerization of ethylene was performed in the same manner as
10 in EXAMPLE 1 except for setting the solvent temperature at an outlet of the
heater 13 at 120°C.
After being continuously operated for 720 hours, the reactor 10 was
opened to examine whether or not any polymer scales were deposited on the
vapor phase portion thereof. As a result, it was confirmed that no polymers
15 were deposited on the vapor phase portion.
EXAMPLE 3
The oligomerization of ethylene was performed in the same manner as
in EXAMPLE 1 except for setting the solvent temperature at an outlet of the
heater 13 at 100°C.
20 After being continuously operated for 720 hours, the reactor 10 was
opened to examine whether or not any polymer scales were deposited on the
vapor phase portion thereof. As a result, it was confirmed that the polymers
were deposited in the form of a thin film on a lower part of the vapor phase
portion of the reactor.
25 COMPARATIVE EXAMPLE 1
The oligomerization of ethylene was performed in the same manner as
in EXAMPLE 1 except for using full cone nozzles for spraying the solvent in a
conically and circularly spread manner instead of the bar-shaped nozzles 4.

After being continuously operated for 720 hours, the reactor 10 was

.13.
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h& () - In accordance with the process of the present invention, when producing
a-olefin oligomers by subjecting a-olefins to oligomerization reaction in the
presence of a catalyst and an organic solvent, it is possible to effectively

10  prevent polymers from being deposited on a wall surface of a vapor phase

portion of a reactor, so that the reactor can be stably operated for a long period

of time.
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solvent, comprising the step of spraying a solvent containing the organic
5 solvent in the form of a linear or bar-like pressure fluid toward a wall
surface of a vapor phase portion of a reactor from a nozzle fitted within a
space of the vapor phase portion of the reactor to conduct the
oligomerization reaction while cleaning the wall surface of the vapor

phase portion of the reactor.

10
2. The process according to claim 1, wherein the solvent sprayed toward
the wall surface of the vapor phase portion of the reactor is in the form
of a bar-like pressure fluid.

15 3. The process according to claim 1 or claim 2, wherein a distance between
the nozzle fitted within the space of the vapor phase portion of the
reactor and the wall surface thereof is 20 cm or shorter.

4, The process according to any one of claims 1 to 3, wherein the pressure

20 fluid sprayed has a temperature of 110°C or higher.

5. The process according claim 1, wherein the catalyst is a Ziegler catalyst.
6. The process according to claim 1, wherein the a-olefin is ethylene, and
25 the organic solvent is a hydrocarbon-based solvent.
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