1 0 JUN 2005 DESCRI PTI ON PROCESS FOR PRODUCI NG ETHYLENI C OLI GOVER

TECHNI CAL FI ELD The present invention relates to a process for produci &
ethylenic oligonmer. More particularly, the present invention is coh@eﬂﬁ%@
with a process for producing an ethylenic oligoner which is capable of
producing a high quality ethylenic oligoner having enhanced purity, and in
whi ch a Ziegler based catalyst can maintain a high catalytic activity, when
produci ng an ethylenic oligoner which is useful as a starting material for

hi gh nol ecul ar pol yners, plasti<¢y , tants and the like by the use
of the foregoing catalyst. BAC&%EEBRBI&g#& nethylenic oligomer is a useful

cubstance why 6o (xR oy, Y30 9E, G N &THTRTRRATSE, FALPEIGh Fot ol ef
ot nyl et CaT 1 gurer- 18 Bleliced by of i goner i zing ethyl ene as the  Starting
gener ar 1y vanbi BaE B (R R0 RRgBRER Dard o f eket MR, PR e Bpgora®
A o e A S e NG L S T
oL 0L ST BLIHTLOD BrecspRatl ol B SphsELe 1o
t hat avdl%rcqhe i%m)cuan}ganIewgke}grom%@n%eian%irggecﬁiuyfig;]eetrhe?f;etriﬁ)p olligomer
having enhanced purity, and 1in which a Ziegler based catalyst can
maintain a high catalytic activity, when producing an ethylenic
oligomer which 1s useful as a starting material for high molecular

polymers, plasticizers, surfactants and the like by the use of the

foregoing catalyst.

BACKGROUND ART
An ethylenic oligomer is a useful substance which is widely
used as a starting monomer material for olefin polymers, as a
comonomer for a variety of high molecular polymers, as a starting
material for plasticizers, surfactants and the like. Usually, the
~ethylenic oligomer is produced by oligomerizing ethylene as the
starting material by the use of a Ziegler based catalyst. The
production process generally comprises the step of
oligomerization reaction, the step of recovering unreacted
ethylene, the step of deactivating the catalyst and deashing and
the step of fractionating the solvent used therein and ethylenic
oligomer.
A production process in which a Ziegler based catalyst 1is
used as a catalyst for oligomerization reaction involves a problem

in that a large amount of water, when being mixed in the reaction



10 JUN 2005 system brings about partial deactivation of the catalyst,
which as a result, causes deterioration of product quality such as th%U i
formati on of organochl ori ne conponents upon ethyl ene oligonerizatfb%. %&@%
bei ng the case, the process for producing an ethylenic oligonmer by using a
Zi egl er based catalyst involves a fear of deteriorating the catalytic
activity due to water present in the reaction system particularly the

wat er introduced froma reaction solvent into the reaction system 1In

parti qyldlemi BrilGs G330 O S RGAYId 29t WY 64 8¢ 3 d1%a§8 yistom, hheh as
ol i gonméri zation product, deactivating the catalyst and déashing, thereafter

recycly ng 4§ R OrGARE €5 S UMM o3RG At &FF yr Sl stk hﬂidﬁ@%’t hywughad e
reaction systemand reusing it as a reaction solvent, there has been a fear

of a lrgiges ergunt of Welera RELRYoFIXEd 1 8o ko fi€AEEI 0Ny poYSt e i idigke t he
operation. Accordingly, it has been desired to decrease the anount of water

m xed yi|sbhee FRACEIAN. system particularly the amount of water in the
reaction solvent to be recycled and at the sane tine, to maintain the

catal ytic awhbMi b¥indt tAehtdRRSttIPOSSEHEEs S enea! prb'&ld&%%eaﬁﬂoéjtl‘i'?[@ﬁi@i ng
t he above-nentioned process, in the case of recycling the organic sol vent

final loyiebhpd Nelyl mdAn g r actdiendleirn® $ys4 edntthnpyehihbe10kisgarerd zat bon
reaction system for the purpose of reuse, considerable anobunts of resultant

ol ef i A tasi6tAYi 8B ¢hel icGETiar gcm«ﬂg/ idu & heo Ok @aRirC p3@ Mat .id the
general, the ethylenic oligonmer produced by the foreging process contains
i mpur irkia@gisHchsastpat af fpaxtichilardal ohefiwaard biabeh@d cedl effirm Wi ch
inmpurities cause marked deterioration in the quality of a polyethyl ene
resi nraadtiba kbkeeas iheofihal rpaotichssystem. In particular, in the
case of recovering unreacted ethylene from the oligomerization
product, deactivating the catalyst and deashing, thereafter
recycling the organic solvent separated by distillation through
the reaction system and reusing it as a reaction solvent, there has
been a fear of a large amount of water being mixed in the reaction
system during the operation. Accordingly, it has been desired to
decrease the amount of water mixed in the reaction system,
particularly the amount of water in the reaction solvent to be
recycled and at the same time, to maintain the catalytic activity
at a highest possible level.
In the method comprising the above-mentioned process, in
the case of recycling the organic solvent finally obtained in a
fractionating system through the oligomerization reaction system
for the purpose of reuse, considerable amounts of resultant
olefins as ethylenic oligomers are mixed in the organic solvent. In
general, the ethylenic oligomer produced by the foreging process
contains impurities such as paraffin, internal olefin and branched

olefin, which impurities cause marked deterioration in the

quality of a polyethylene resin and the like as the final products.



21 0 JUN 2005 In particular, it has been proved that in the case of
recycling an organic solvent in the oligonerization reaction systenthgp Q@ﬁ
as a reaction solvent, the foregoing unfavorable result is nade r H e
by the existence of an olefin which is other than ethylene and is contained
in the organic solvent. Mreover the catalyst, which is fornulated in the
presence of a solvent, brings about the possibility of causing
deterioration in catalytic activity or clogging in a catalyst feed |line due

to ol efhn, pet ydwerd zakt Mas %%%QB@@%hﬁ"ﬂEﬁh’\%’fg@m@bTc_hiatreic§_cllpn§a¥n t he

present invention consists in providing a nethod for maintaining a

catal y§ i gaagkidd e 2t id hﬂlgrblli?vﬁheknzatidq; PR ibar sPEOEHCIFHE 1Bdk @yl enic
ol i goner which enploys a Ziegler based catal yst and recyclingly uses a

react i gl 80l MENts o IMY OVt het NEo PEESEAL | ANEALLRR ARNSHEE®1EN R OW 4HBY a
met hod capabl e of affording a highly pure ethylenic oligoner free from an

I mpurifymidriea BP1OCBSS (108 PkP8HELBE T QUNYSRNMiG GV hgeRels Wiihet efphays a
Zi egl er based catalyst and recyclingly uses a reaction solvent. In view of

the aboyieylenti anpdl sUjAftaindiensi YReexskeasiive sol ¢eear cM angb vayeshegati on
were accunul ated by the present inventors. As a result, it has been found

t hat tdetobject wlofch He for@sentitddventhenp cabehe caslfi £ved vioyn v, ebluth Bg Wat er
present in the reaction system particularly the water introduced froma

react i ®#bosal vieatp b 8§ Db ilieyrehchivyi ey stetiriespecd al iy datahyaic 0rtgariice
reaction solvent to be recyclingly used thereinto. Further it has been
f ound dhatl okglga nabji ach sc f a kshet e eslehin e idvertioi ohe fian pled yasnbiréwadi oy . r educi ng
ol efinic conponents that

DISCLOSURE OF THE INVENTION

That is to say, the present invention consists in providing a
method for maintaining a catalytic activity at a high level in a
process for producing an ethylenic oligomer which employs a
Ziegler based catalyst and recyclingly uses a reaction solvent.

Moreover, the present invention consists in providing a
method capable of affording a highly pure ethylenic oligomer free
from an impurity in a process for producing an ethylenic oligomer
which employs a Ziegler based catalyst and recyclingly uses a
reaction solvent.

In view of the above-mentioned subject, intensive extensive
research and investigation were accumulated by the present
inventors. As a result, it has been found that the objects of the
present invention can be achieved by reducing water present in
the reaction system, particularly the water introduced from a
reaction solvent into the reaction system, especially from an
organic reaction solvent to be recyclingly used thereinto.

Further it has been found that the objects of the present

invention can be achieved by reducing olefinic components that



3 1 0 JUN 2005 are other than ethylene and are present
system particularly the aforesaid ol efinic conponents introduced f
reaction solvent into the reaction system especially froman orga

reaction solvent to be recyclingly used thereinto. Thus the present

i nventi on has been acconplished on the basis of the
information. Specifically, the present invention provides a process for
producing an ethylenic oligomer which conprises subjecting

in the reaction

1 DUR 2008

ethylene to

foregoing findings and

ol i gongLpZgthen "tﬁ%CrI 'eocrh}l'lb@é‘ 2h92RIre $Ye\seMHt '1'ﬂ the rRLEeIEDGesPktandi egl er

based catalyst, and recyclingly using for the oligomerization reaction,

or gani g aSrQHé’ﬁl‘éx B PR &L ££b 1Ws a HH Tl fli A9c LM h 8Bt i ot SPABEUZBEH B a

reacti on product,” wherein the water concentration in the oligomerization

reacti Pé‘a%Y?éﬁms'ﬁveeﬁtt nasto 8t RRM BbaNtsy d #b Iﬁar i G @ra 1l he BhLer an
the organic solvent to be recyc ed in the oOligonerization

reacti gpgaset @@alctigh BRIV PRH e Wal GhélibldliStu ds@echePbihbE. PT BN
appllcatlon) I'n addition, the present invention provides a process for

productRg phRegkimml @H'v%rﬁh'ogprﬂac{sm@ﬂ £8P $BS D] €8t tRE beEDYIENe hieod

concentration iIn

t he

ol i goneri zation reaction in an organic solvent in the presence of a Zegler

based ﬁ@i@%&ﬁhg AnCd 1:egy¥cd hagl wfesiangeifoar. the ol i gonmeri zation reaction,
organi ¢ so

reaction pr@jusctifivhelel nthd hpreesaantihatdrorioadf wtebidsshavipy clsd efast

vent separated by distillng the resultant oligonerization

three carbon atonms in the organic solvent to be recycled in the
ol i gonprbdaidiary maackitdry leysitcens liss @m erdStv A%y coen ght s € s ecartsh eagpagt of

t he

present application).
ethylene to oligomerization reaction in an organic solvent in the

presence of a Ziegler based catalyst, and recyclingly using for the
oligomerization reaction, the organic solvent separated by
distillng the resultant oligomerization reaction product, wherein
the water concentration in the oligomerization reaction system is
at most 8 ppm by weight, in particular the water concentration in
the organic solvent to be recycled in the oligomerization reaction
system is at most 8 ppm by weight (first aspect of the present
application).

In addition, the present invention provides a process for
producing an ethylenic oligomer which comprises subjecting
ethylene to oligomerization reaction in an organic solvent in the
presence of a Ziegler based catalyst, and recyclingly using for the
oligomerization reaction, the organic solvent separated by
distillng the resultant oligomerization reaction product, wherein
the concentration of olefins having at least three carbon atoms
in the organic solvent to be recycled in the oligomerization
reaction system is at most 2% by weight (second aspect of the

present application).

t he



4 1 0 JUN 2005 BRIEF DESCRI PTION OF THE DRAWNGS FIG 1 and FIG 2 are each
a schematic process flow di agram which shows the production procesi Lm 05
carrying out the present invention; FIG 3 and FIG 4 are each a s A Hl
process flow di agram which shows an exanple of carrying out distillation in
the process of the present invention; and FIG 5 is a schematic process

fl ow di agram whi ch shows the production process for carrying out
distillation in the working exanples of the present invention. THE MOST

PREFERBED EVBO BENE I P" CORRYO UT HHED RNWENN G I n the fol | owing, nore

detail ed description will be given of the present invention. In the present

i nvention, tesetthyhehifd Gol) gesesath o awadidiy ptbeeserflaivndl idwd @ne in
the presence of a Ziegler based catal yst, which consists of the conbination

of (A)wlaidH &N8d isobhBepal daonfaeu G r ddB)s Ao’ ganeal uEi sum ehd pepsant
tertiary conponent to be used as desired. There is used as the transition
met al cevpaundn(A), the conpound represented by the general formula:
MXxYy0z (I) wherein Mis a zirconiumatomor a titaniumatom X is a hal ogen

at om (chl or ifpies a3oan DFAIG net atrene thi #dj diee mtaoiik, p Yo &8s R o wRA 1 b, a mOCOR,
-OSBR, R, -Cp (cyclopentadienyl), wherein Ris a straight chain or
br anched iclaish cal kyd n groam by ofge dlr it yoi 129 o wctadhenildbaisnoim & dipketcersat o
represented by the general fornula (11):
of the present invention; and
FIG. 5 is a schematic process flow diagram which shows the
production process for carrying out distillation in the working

examples of the present invention.

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE
INVENTION

In the following, more detailed description will be given of
the present invention. In the present invention, the ethylenic
oligomer is obtained by oligomerizing ethylene in the presence of
a Ziegler based catalyst, which consists of the combination of (A)
a transition metal compound, (B) an organoaluminum and (C) a
tertiary component to be used as desired. There 1s used as the
transition metal compound (A), the compound represented by the
general formula:

MXxYyOz (1)
wherein M is a zirconium atom or a titanium atom, X is a halogen
atom (chlorine atom, bromine atom or iodine atom), Y is RO-, R,
N-, -OCOR, -OSO.R, R-, -Cp (cyclopentadienyl), wherein R is a
straight chain or branched chain alkyl group having 1 to 20
carbon atoms or f diketonato represented by the general

formula (II):



5 1UJUN 2005 R 0-_CC- RRIII) O0OCR3 wherein R1, R2 and R3 are
each independently a hydrogen atom an alkyl group having 1 to 20 ﬁgrm%
atons or an alkyl group which is substituted with a hal ogen atom a i ptr’
has 1 to 20 carbon atons with the proviso that one of R1, R2 and R3 is
an al kyl group which is substituted with a hal ogen atomand which has 1 to
20 carbon atons, x, y and z are each an integer fromO to 4 with the
proviso that x + y + z = 4. The abovelmantl oned conpound is specifically
exenplified by zZrd 4, ZrBr4, Zrl 1 RFrBrC13, ZrBr2Cl2, TiCl4, TiBr4, Til 4
,TiBrC13,TiBr2C12,Zr( 2H5)4,Zr(OC2H5)2C:12,
Zr(O-n-CGHr) 4, Zr (O n-Q3 , Zr(Oso C3H7)4, Zr(Oiso-C 3H7)2C12,

Zr(O-n-C 4H9) 41 Zr%g/n C4H9)2€§ 0 |so Q4 :;[g}\l) Zr (O i so- C4H9) 2C12,
Zr(Otert-C4H9) 4, 0 tert C H9) 4, Zr ((C2H5) 2N 4,

Zr ((n- CSH7)2N)4 Z&&Qs , Zr((n C4H9 2N 4, Zr((tert-C
4 H9) 2 , Zr 3 CH 3) : Zr(OSCBCZI—l5)4 Zr(OS03C3H7)4,
Zr(OSCBC4H9)4 qu)20121 qu)\Z\ , i(OC2H5) 4, Ti(CC2H5) 2
2, Ti(On-C3 H,) 4, Ti(OnCB ) 2C 2, Ti(Oiso-C3 H, ) 4,

Ti(Oiso-C3H.,) 20 2 T(On- C4H ') 4, Ti¢OGn-C4H9) 20d 2
Tl(Olﬁ%eQe‘lnHI@) 4 RTZ(OahEORC 4 Hrd )ea%lﬂn?de%h(&ﬁﬂ;l £ AydD eﬂ ,

Ti(O-tent-C 4 H 9) 2, Ti((CH3)2N) 4, Ti ((C2H5) 2N)4,” Ti ((n-C3 2N)
4, Ti (4tser, B a)lkyl group having 1 to 20 carbon atoms or an alkyl
group which is substituted with a halogen atom and which has 1
to 20 carbon atoms with the proviso that one of Rl, R?2 and RS
1s an alkyl group which is substituted with a halogen atom and
which has 1 to 20 carbon atoms, x, y and z are each an integer
from O to 4 with the proviso thatx + y + z = 4.

The above-mentioned compound is specifically exemplified
by ZrCl,, ZrBr,, ZrI,, ZrBrCl,, ZrBr,Cl,, TiCl,, TiBr,
Til,, TiBrCl,, TiBr,Cl,, Zr(OC,H,),, Zr(OC,H.),Cl,,
Zr(O-n-C,H,),, Zr(O-n-C,H,),Cl,, Zr(0O-iso-C,H,),, Zr(O-iso-C
,H,),Cl,, Zr(O-n-C,H,),, Zr(O-n-C,H,),Cl,, Zr(0O-iso-C,H,),,
Zr(O-iso-C ,H,),Cl,, Zr(O-tert-C,H,),, Zr(O-tert-C,H,),Cl,
Zr((CH,),N),, Zr((C,H,),N),, Zr((n-C,H,),N),, Zr((iso-C,H,),
N),, Zr((n-C,H,),N),, Zr((tert-C ,H,),N),, Zr(OSO,CH,),
Zzr(OSO,C,H,),, Zr(0OSO,C,H,),, Zr(OSO,C,H,),, ZrCp,Cl,,
ZrCp , ClBr, Ti(OC,H,),, Ti(OC,H,),Cl,, Ti(O-n-C,H,),
Ti(O-n-C,H,),Cl,, Ti(O-iso-C,H,),, Ti(O-iso-C,H,),Cl,,
Ti(O-n-C,H,),, Ti(O-n-C,H,),Cl,, Ti(O-iso-C,H,),
Ti(O-iso-C,H,),Cl,, Ti(O-tert-C,H,),, Ti(O-tert-C,H,),Cl,
Ti((CH,),N),, Ti((C,H,) ,N),, Ti((n-C,H,) ,N) ,, Ti((iso-C,H,)
,N) ,, Zr(n-C,H,) ,N) ,, Ti((tert-C,H,) ,N),, Ti(OSO,CH,) ,
Ti(0so,Cc,H,) ,, Ti(0So,C,H,) ,, Ti(OSO,C,H,) ,, TiCp,Cl



2N) 4, Zr(n-C4AH9) 2N) 4, Ti((tert-C4HO) 2N)4, Ti (OsSGBCH3) 41 Ti (OS03C2H5) 4,
Ti (OS03C3H7) 41 Ti (0OS03C4H9) 41 TiCp2Cl 6 1 0 JUN 2005 2, TiCp2C Bﬁ’UN 2005
Zr (OCOC2H5) 4, Zr (0COC2H5) 2C121 Zr (OCOC 3H7) 4, Zr ( OCOC3H7) oc121 10

Zr (OCOC3H7) 41 Zr (OCOC3H7) 2Cl12, zZr(GCOC 4 H9 ) 4, Zr(GCOC4 H9 ) , A 2
, TiI(OCOC 2 H5) 4, Ti(GCOC2H5) 2dd 2, Ti(GCOC3 H7 ) 4, Ti(0oCCoC 3
H7) 2d 2, Ti(OCOC3H7) 4 Ti(OCOC3H7) 2Cl12, Ti (OCOC4AH9) 4, Ti (OCOC4H 9)
2C12, Zr Cl2(HCOCFCOF) 2 and Zr Cl2( CH3COCFCOCH3) 2 The organoal um num (B) is

i fi ) t t ed A f la: Xb Cc
ﬁée?ﬁ f; ) | \e,\rhﬁle(l?éizr@%?gwggﬁggo%ggpgﬁs&?]ncgm ?{I(?{;@%%ﬁ gjr mg?;,g“azfrgnqﬁoﬁq odi ne

atom, S ,H-.9COR or bt YR | { giat ychaiin or
br anch%lﬁ 7ghé$?%ﬁ(l§>glgog‘rsofl}ﬁ hévilr?g’ %Bgﬁo) 2 @ggpb)oﬁ’zztg(n%g(g?&ggf)bﬂcl %and d

are eacf.. i g fyomO it hyt hey preovi so t hat + Hyd = 3,
and/ or 0%1;/@?%@%%6%0%%%’@%@3@%% ‘bﬁ tgﬁ)e b?rllle? al Pgtrl(rr(glcgcz)@AF Ig RAPE

Ya' Xb' PR O Q 6l Vi wher o] X i 9 pokmbederratpm (chiiepio @tom  brom e at om

or iodine aton), Y'is RO - ( or R%" wheréi'n R
R andrRoafgceagh)a St[*i@@@?@?%l p)a%cg;,a@qbé%e@' P, Rl kyhi @ evpchayi ”961

to 20 carbon at’ong, &and a', are each*an’’irteger from* to

with th Vi a ' '+ ; I ound
repr esge)(r?tzggpf)yg?héeh@@e%ggrc pfco(?nFﬁl 4 (alrfljcl1 ?ﬁé%ge@%\l@foﬂgsg‘ Cfgc%)?pcz%) 3,

AL(C3H7) 3, R sPrgBnbabudinfith (8)4ik ke3nphified ByOothe 4otaPowndA | (C
5H11) 3, Al (C6H13) 3 Al (C8
represented by the general formula:

AlYa Xb Oc Nd (m )
wherein X is a halogen atom (chlorine atom, bromine atom or
iodine atom), Y is RO-, R,N-, -OCOR, or R-, wherein R is a
straight chain or branched chain alkyl group having 1 to 20
carbon atoms, and a, b, c and d are each an integer from 0 to 3
with the proviso that a + b + ¢ + d = 3, and/or by the
compound represented by the general formula:

Al, Ya’Xb’Oc¢’'Nd’ (V)
wherein X is a halogen atom (chlorine atom, bromine atom or
iodine atom), Y is RO-, R,N-, -OCOR, -RCOCR',COR" or R-,
wherein R, R' and R" are each a straight chain or branched chain
alkyl group having 1 to 20 carbon atoms, and a', b', ¢' and d' are
each an integer from O to 6 with the proviso that a' + b' + ¢' +
d'= 6.

Examples of the compound represented by the general
formula (II) include AI(CH,) ,, AI(C,H,),, AI(C,H,),, Al(iso-C,
H,),, AI(C,H,),, Al(iso-C,H,),, AI(C,H,,),, AI(C,H,,),, AI(C,
H,.,),, Al(C,H,),Cl, AI(C,H,),Br, AI(C,H,),I, AI(C,H,)Cl,,
Al(C,H,)Br,, AI(C,H,)I,, AIC,H,(OC,H,),, AIC,H,(OC,H,),,
AlC,H,(OC,H,),, AI(OC,H,),Cl, AI(OC,H,),Cl, AI(OC,H,),Cl,



HL7) 3, Al (C2H5)2Cl, Al(C2H5)2Br, Al (C2H5)2l, Al (C2H5)Cl2, Al (C2H5)Br2,
AL(C2H5) 12, Al C2H5( OC2H5) 2,  ALC2H5( OC3H7) 2,  ALC2H5( OC4H9) 2, Al (OC2 )J@ﬁlms
Al (OC3H7) 2C1, AL(OC4H9)2C, 7 1 0 JUN 2005 Al(OC2H5)Cl2, Al(OC3H7) €12,

Al( OCAHI) C12, A1C2H5( OCOC2H5),, ALC2H5( OCOC3H7 )27 ALC2H5( OCOCAH9) 2'

Al (OCOC2H5) 2C1, Al (OCOC3H7) 2C1, Al (OCOCAH9) 2C1, Al (OCOC2H5) Ol 2, Al ((0COC3
H7) C121 Al (OCOCAH9) C12, AlL( C2H5) 20C2H5, AL( C2H5) 20C3H'  AL( C2H5) 20CAH9,

AL( C2H5) 2N( C2H5) 2, AL( C2H5) 2N( C3H7) 2 and Al ( C2H5) 2N( C4H9) 2. Exanpl es of the

d b | Af I [ 13, A 2
(& 3) S T K s B S s 4R R el 5T SO conb v 27

A12( C3K,1)}38C138, ' 7) 3GL3; 2(BABECE, YAL2(4 3G13;
A12EC5§111 %gé(ﬁﬁg(%?;ﬁ%? §é13%?1%Ai/§%Cg%) é?d%)*’%fgl(‘q%%%c%ﬁs égfg,m’

AL2( %&ﬂ%g%ﬁi CAHAREB0 613 9061, Aﬁg‘@@C ﬁi?ﬁ@@wdkgoséggicggg,

A12( . As*the tertiary‘cofpdnent (C) whicéh s ugé

there i bl e I sef ert fEpm s rygyc nes,
phosph%?ﬁé@gbhp%%%s@%?d“ I}{'@gggﬁ%‘gﬁ%bﬁna& g(tl'hgp? ’erf%l}(fa(%lﬁch‘brPrbng(r?ejﬁ?E ’

contrihyies fo )ermhanging ANCCRY i b;ofmfc ap et hW g cHol)i ae(er 1St hgnd

obj ective produét. The’Sul fur *cofipdund heeds 'onl'y to Be *an orfgahosul fur

conmpound (@ tHQUt, NPECIH i 9 | i Hixtahixrs afdthe pbed gbakld r&xeswpbhkbad by
di et hyl sul fi°dé, di et hyl “sul fi de, dipropyl sulfide, dihexyl sulfide,

di cycl ehexyle rdd 41 dR.r h il @€l e si seibld 8s Adi,{IGeHY,) C 1 hi oeahe(C Hli, ¢l Bl
di sul fi de conpounds such as di nethyl disulfide, dléihyl di sul fidé, dipropyl

di sul fiade,(adj HUHYICH] sul A1 déC ,di hexBir , ,dAsylCi,de, )diIgycAdhérylH d) sBIrfG de and
et hyl met hyl di sulfi de:
,,» Al,(C,H,),Cl,, Al,(is0o-C,H,),Cl,, Al,(C,H,),Cl,, Al,(iso-C,
H,),Cl,, Al,(C,H,,),Cl,, Al,(C,H,,),Cl,, Al,(C,H,) ,(CH,)Cl,,
Al,(OC,H,),Cl,, Al1,(OC,H,),Cl,, Al,(OC,H,),Cl,, Al,(OCOC,
H.),Cl,, Al,(OCOC,H,),Cl, and Al,(OCOC,H,),Cl,.

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

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

tetrahydrothiophene and thiopyrane: aromatic sulfur compounds



t hi ophenes such as thiophene, 2-nethyl- thiophene, 3-nethylthiophene,

2, 3-di met hyl t hi ophene, 2-ethylthi ophene and benzothi ophene and het bogmqﬁ%c
sul fur compounds such as tetrahydrothi ophene and thi opyrane: aroma é

sul fur conmpounds 8 1 0 JUN 2005 such as diphenyl sulfide, diphenyl

di sul fide, nethyl phenyl disulfide, nethylphenyl sulfide: thiourea: and

sul fides such as nethyl sulfide, ethyl sulfide and butyl sulfide. The
phosphor us conmpound needs onIy to be an organophosphorus conmpound w t hout

specif|§vé'm4;t|&yb ?ﬂ? 18 ? feraﬁgg & lHP%%qu ethEBQBQQ§}§HEQIaS

tri phen osphi ne osﬁhln hos

tripropylsRAPSRE! Neye t {196 F}’l' h%ﬁﬂ'ﬁ&% a@ﬂl&dﬂe%yc'aqughﬁ’ﬁ%é’é" QﬁcﬁTh;?s

ni trogen conpouhd needs to be an organoni trogen conpound Wt

Spec'fHﬁekh§HtfﬁlﬁQhaa@ﬁh&?sﬂ[ﬁﬂﬁragﬁﬂ. Spémpghﬁfﬁg o by organoam nes such as

met hyl am ne; ne, ~propylam ne mne, pentyl anine, hexyl am ne,

cycl ohexyl a o] I an e, b | a e,
naphthylanlggﬂgdlnég%s%g%?ﬁgs dlet d%?ﬁe %83?? aﬁ?ﬂé n%?phéﬁ?laﬁfhe
met hyl t r: I r e,

tri p%eﬁeggﬁ!{ﬁg}l%%}%{ﬁg g% p| co |V§lfétﬁgﬁﬁ>efr %rﬂae?gfbé e 121';'% 4@%{;% nedl 1nS t he

present, Jd1uenty19Ne xbiep 1 4L UUB y%’H@@P'}ﬁSﬂe PR AUEr GERPAYIES AfPh T ET 0gen

conpounds each as nentioned above which is particularly “preferably

oo gtetRy | g me e Comauni Relesudscon dEgpLOpL sl
trioctylphespih A8 s Bolid A d&ricyclohexylphosphine.

The nitrogen compound needs only to be an organonitrogen
compound without specific limitation, and 1is preferably
exemplified by organoamines such as methylamine, ethylamine,
propylamine, butylamine, pentylamine, hexylamine,
cyclohexylamine, octylamine , decylamine, aniline, benzylamine,
naphthylamine, dimethylamine, diethylamine, dibutylamine,
diphenylamine, methylphenylamine, trimethylamine,
triethylamine, tributylamine, triphenylamine, pyridine and
picoline.

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

The oligomerization reaction of ethylene according to the
present invention 1s put into practice usually in an organic
solvent. Examples of the organic solvent 1include alicyclic

compounds such as cyclohexane and decalin, aromatic

hydrocarbons such as benzene, toluene, xylene,



The oligonerization reaction of ethylene according to the present invention
is put into practice usually in an organic solvent. Exanpl es of thi Qﬁﬁﬁﬁkf
sol vent include alicyclic conpounds such as cycl ohexane and decal i 0
aromatic hydrocarbons such as benzene, toluene, xylene, 9 1 0 JUN 2005

chl or obenzene, et hyl benzene, di chl orobenzene and chl or ot ol uene, hal ogeni de

t hereof, aliphatic hydrocarbons such as pentane, hexane, heptane, octane,
nonane and decane, hal ogenated ali phatic hydrocarbons such as

di chl oaﬁgweﬂen%%edétqm}gggﬁgbﬁ . @RA1bR8 bleise 30! ¥ aNt %hl\gx;ohtorlgx%adg to

t he bl endi ng proportions f dregoi ng conponents (A

the foh%l? %Qquega'Bh%r%%'fve%thP'?lattl'&e F&ﬁ%'& rfé‘t I h L RAg ag%gl’]r}tarp%] the

conponent I's usuall pre erab y 0.03 to 1

am’“”t atﬁ‘é‘ gPé;;Br’mQﬁBt (53% éﬁe“su%'&ér@e 05,k 1%%‘$Aeopggé%§‘%>étgd06 to

and th unt " of e conponent (C Is usually

pref er era@iyhgt Db oghe Cagg ot UShig gic BRANSs (Phiconed, gl fur

conmpound,” pre erabl 0.05to 5 nmol in the case of using the aforesald

ni trOQSE‘cH'IoPBB%R*&q{é'Sam%a"%keoébltdl@nP@S' s of 250 nl of the organic
solvent. In addition, nore preferable result is obtainable by setting the

bl endi ng pr opofki 9e§aqfd tthﬁ‘ ﬁ‘}%eg%wl @W&?t{ﬂsaﬂﬂ (B fbPeloliagld

expressed in terns of (molar ratio he ol i gomeri zati on reactlon in
the presgnsohBWaRrt (8D, '(58) Céadd'(@) %d%&@'ﬂoﬁeﬁo@%%ﬁl@%dlﬂrérﬁ@ imange

of 100 to 150C wunder pressure of 30 to 90 kg /" cm 2.94 to 8.82 MPa).
The reRetheBstbniBin WohehoMariles Lepandi g tipencd g J e8RS(A) e w@nthlly
0.01 to 5 mmol, preferably 0.03 to 1 mmol, the amount of the
component (B) is usually 0.05 to 15 mmol, preferably 0.06 to 3
mmol, and the amount of the component (C) is usually 0.05 to 20
mmol, preferably 0.1 to 10 mmol in the case of using the
above-mentioned sulfur compound, preferably 0.05 to 5 mmol in
the case of using the aforesaid nitrogen or phosphorus compound,
on the basis of 250 ml of the organic solvent.

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

The oligomerization reaction in the present invention 1is
carried out usually at a temperatue in the range of 100 to 150°C
under pressure of 30 to 90 kg / cm 2 . G (2.94t0 8.82 MPa). The
reaction time, which varies depending upon the temperature and
pressure and accordingly can not be unequivocally determined, is
usually 10 to 60 minutes, approximately.

-The ethylenic oligomers to be obtained by using ethylene as
the starting material in the process according to the present

invention are a variety of oligomers each having the number of

carbon atoms of 4 or more, preferably 4 to 24, particularly 4 to 18.
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pressure and accordingly can not be unequivocally determned, is wusually 10
to 60 mnutes, approximately. The ethylenic oligoners to be obtaineg Qw 2005
using ethylene as the starting material in the process according t O y
present invention are a variety of oligoners each having the nunber of
carbon atons of 4 or nore, preferably 4 to 24, particularly 4 to 18. 10 1 O
JUN 2005 Specific exanples thereof include 1-butene, 1-hexene, 1-octene,

1- decene, 1-dodecene, 1-tetradecene, 1-hexadecene and 1-octadecene. The

et hyl egiyG Qi YORE $h B & O 8k 868 ASc I X6d1-PLeduGt s 10h dese ol igommes, In
the process according to the present invention, the liquid reaction product

obt ai ngdgbyehite ol igQrRdseaheon raagbtPAdRke ndt Nyl eng,d 52 8RIs0d €d had
subsequent recovery of unreacted ethylene, deactivation of the catal yst and

deashi agotfgak@Bile. |ThENeEhGASRic boligoREELSSALY b HRIAYE & f&sthﬂixeﬁl

tenperature of the liquid reaction product after the conpletion of the

ol i gonprb@atd N ofedieb 5eNo Bitg KB @ 0r hi gher. The foregoing tenperature is
not specifically limted provided that it is 90C or higher, but is in the

range of usgal k¥e9Prbeed804ccoPd heredlthel @@ ested t13Centibd,f Phedayhdd
t enperature, when being unreasonabfy hi gh, is unfavorable, since it

soneti peachid NgD DUttt diteringydit bgn ol e proddyen @ridd tionTheeamdush off
by- produced pol yner, which varies depending upon the reaction conditions,

is notetheduinvocas, dwbjdstaduald y st daen@0 ppovviEhe byfpreodueadtpd ynmer
is dissolved in the liquid reaction product when the tenperature thereof is
kept atth90€ner, Hieghariy atthenely ehabldaim itys tpraacéed ewisthi r5¢ abt €a t tiem Ng
In this case, it is necessary to maintain the temperature of the
liquid reaction product after the completion of the
oligomerization reaction at 90 °C or higher. The foregoing
temperature is not specifically limited provided that it is 90°C or
higher, but is in the range of usually 90 to 150°C, preferably 100
to 130C . The foregoing temperature, when being unreasonably
high, is unfavorable, since it sometimes brings about
deterioration of product purity.
The amount of by-produced polymer, which varies depending
upon the reaction conditions, 1s not unequivocal, but i1s usually
300 to 500 ppm. The by-produced polymer is dissolved in the
liquid reaction product when the temperature thereof i1s kept at
90°C or higher, thereby enabling to proceed with stable running
irrespective of the type of the organic solvent to be used for the
polymerization reaction.
Subsequently the catalyst 1s subjected to deactivation
treatment by introducing a deactivating agent at a pressure of the

2 G(0.39 MPa), approximately.

treatment system of 4 kg / cm
Examples of the deactivating agent to be used therein include

basic nitrogen compounds, water, alcohols, carboxylic acids and

11



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

pol yneri zation reaction. Subsequently the catalyst is subjected to 05
deactivation treatnent by introducing a deactivating agent at a perJHN Of
the treatnent systemof 4 kg / cm2 . 0.39 MPa), approximtely. Exanples
of the deactivating agent to be used therein include basic nitrogen
conpounds, water, alcohols, carboxylic acids and 11 10 JUN 2005 phenol s.
The basic nitrogen conpounds anong them are exenplified by amoni a and

am nes, ;sugh) @s ;@p@y!%ﬂ&% LN A Ne, o R PR h A D%m%gie%'yaml@ﬁl

are .
pent yl*am ne,  he am ne, cycl ohe am ne, ‘octyl am ne, | am ne, aniline,

Denzyland fig1i acghtt{},g'n;a{?g@ﬁonqwam@ aﬁiﬁq?ﬂegi %&yhaﬂgﬁ,ﬁag&%@ﬁmla?, dip

henyl am ne, | p mne, trimet amne, trie

tri bute)@}ﬁf@apﬁ,interiegg%}ﬁ%?ﬁg,gggwwﬁlﬁ{‘é{ pR £ far&ﬁ-in'eg p%ﬁﬁy%e%g?@%

inventio e abo ntione ctivation “tredtnent |

deashiod Jo1Sal L 180 DURLGE [E0UREYy 1 O ibhe areanhe SBEYOR!1 Aty

unr eac "di"st at1on. The recovered organi c solvent and

unr eaq{&%ghgxg!a%%n@t e eaGhn e FRGYGherh & N augbnihs Iﬁiﬁgpmrﬂtm_t}ir Mmigaction

)\
system jective ethylenic oligoners are Obtalned as desirable m xed

productis, 196 n Y a4 hPuse et hyl enigephiyapmrsy bymeans of  mpb{hgitd88amine,
distillation. The m xed products can be obtained in |arge anbunts as

ethyl eRijg ¢RI GQMBA S eagh thayy Ngmdes r akkep hBWemPheCar pgRiaiAes Mhd
properly selecting the reactioin conditions. The organic sol vent which has

been sgRanNahed and recovered

In the present invention, the above-mentioned deactivation
treatment is followed by deashing treatment and further recovery
of the organic solvent and unreacted ethylene by distillation.
The recovered organic solvent and unreacted ethylene are each
recycled through the oligomerization reaction system.

The objective ethylenic oligomers are obtained as desirable
mixed products of various ethylenic oligomers by means of
multistage distillation. The mixed products can be obtained in
large amounts as ethylenic oligomers each having desirable
number of carbon atoms by properly selecting the reactioin
conditions.

The organic solvent which has been separated and recovered
in the above-mentioned distillation step is recycled through the
oligomerization reaction system for use as the reaction solvent.
In this case, it is necessary in the first aspect of the present
application to set the water concentration in the solvent on at
most 8 ppm by weight. The water concentration exceeding 8 ppm
by weight results in deterioration in a catalytic activity, thus
making it impossible to maintain a high activity. Accordingly it

is preferable in the present invention to further decrease the

12



in the above-nmentioned distillation step is recycled through the

ol i goneri zation reaction systemfor use as the reaction solvent. 2 PNPQU
case, it is necessary in the first aspect of the present applicati H % %
the water concentration in the solvent on at nost 8 ppm by weight. The

wat er concentration exceeding 8 ppm by weight results in deterioration in a
catalytic activity, thus nmaking it inpossible to maintain a high activity.
Accordingly it is preferable in the present invention to further decrease

the 1%&9«39%3991@“%585 Cfﬁn%ﬁ’ét roéllg’a%‘ld s J1RR 10f 91 0o SO MERLe d Ot Pea t

recycled to at nost 5 ppm by wei ght a nmethod for decreasing the water

concenty gkt on. the wlgant c sol vent to be recycled, a general procedure
such as di st pp?iu gn angﬁgdsor ption can be used. In the case where the

organi c sol V&QtaV\mecéhmswﬁ%cﬁ@@@f@geﬁh@n@arteeqow%rxﬂ%ﬁfh;m(%n in the

above-nentioned distillation step 1s recycled through the oligonerization

reacti @n Syt Dfe HE€ t8S b NQl§RIELHON aSOLY ARIra 1l tpt ScHEGESA YWchN dd1e
second aspect of the present application to set the concentration of the

ol ef i ndhavi NG t30 0k NPHA] $&F POIL RtA® bd Asdnst ance, the olefin having 4 or
8 carbon atons in the solvent on at nost 2% by weight. The aforesaid

concentrati gm expeed g 2% R¥ rveitdhd bEEBGﬁcan@xﬁ\tl REREASE hdd bR ities
in the resultant ethylenic oligoners, deteriorating the quality of

pol yet Bglpene fasidn anfe thgekeeirs Hhabdvoah i piducdd Ftilhisigeagep the
concentratlon of the olefin in the organic solvent to be recycled is set on

pref er ablps @ic lBRISthi%u dly tied @i g o i € Aar tber ablay tabnnoss t Om5 % byu y&@ight . |t

is preferable in the present invention to conbine the first
the reaction solvent, it is necessary in the second aspect of the
present application to set the concentration of the olefin having 3
or more carbon atoms, for instance, the olefin having 4 or 8 carbon
atoms in the solvent on at most 2% by weight. The aforesaid
concentration exceeding 2% by weight brings about an increase
in impurities in the resultant ethylenic oligomers, thus
deteriorating the quality of polyethylene resin and the like as the
final product. For this reason, the concentration of the olefin in
the organic solvent to be recycled is set on preferably at most 1%
by weight, more preferably at most 0.5% by weight.

It is preferable in the present invention to combine the first
and second aspects thereof, viz., to set the concentration of the
olefin having 3 or more carbon atoms, for instance, the olefin
having 4 or 8 carbon atoms in the solvent to be recycled through
the oligomerization reaction system on at most 2% by weight in
the first aspect thereof, and also to set the water concentration in
the solvent to be recycled through the oligomerization reaction
system on at most 8 ppm by weight in the second aspect thereof.

In order to decrease the water concentration in the solvent

which has been separated and recovered within the prescribed
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and second aspects thereof, viz., to set the concentration of the olefin
having 3 or nore carbon atons, for instance, the olefin having 4 o { §UN2W5
carbon atons in the solvent to be recycled through the oligoneriza P
reaction systemon at nost 2% by weight in the first aspect thereof, and
also to set the water concentration in the solvent to be recycled through
the oligonerization reaction systemon at nost 8 ppm by weight in the
second aspect thereof. In order to decrease the water concentration in the

sol Ve”tx-sggﬂ R cag ik ?rﬁgsﬁlérﬁ‘{'@ e B8R0 { $EAYS6 % Wt Bk Nt 1§ AHESEIhRed, 13 1

0 JUN 2 range according to the present invention and at the sang tine,

to decyeasealshe &P@C%Hc%tdtqfhﬁforf)' &f 1 H1 AN NPa3ifle MPrEr CHOPD c3LBEH I N
t he sol vent which has been separated and recovered w thin the prescribed

range a¢eidi ng EH%V A e iAW Dgs g'e%tri 'é@f)b?ﬁt@ﬂo%@&”?eh@v@rr%fder ably
carried out. Distillation equipnent preferably conprises a plurarity of

di stil katthqp Cﬂ‘xé'mi)%eddlﬂbh:ﬁi cage g geparalinng ﬁl@@ré%OVﬁhan"otIP@W1ﬁ%l vent
with two distillation colums, it is possible as the process flow diagram

of di SH'ﬂ;l&?ﬁl'aQ@oﬁQ?kB%'ﬂItui@ 1§€19@éﬁéﬁab@§redaﬁf‘1fbd%txhb/| enic oli goner | i ghter
t han the sol vent the overhead of a first distillation colum, introduce

the bottom imisqlalasﬁc‘oq{]degusbm&ﬁttl pRefePhbBM}, cantp b pLOyes }Bhl@r§91t\/3€rﬂf at
t he overhead of the secon distillation colum. It is preferable in this

case taiseillhfeonthtgomnehs callmumeeagk §f ategadHtindg [:0861tre3bverichd Bder ef | ux
ratio to at least 4 in each of the distillation colums. In the foll ow ng,

sonme destvépti WAtk t obaigtMen todnt bdumphef e ried periedi sené $ hf pirdve eprsesent

invention with reference to the attached drawings. FIG 1 is a schematic

processldwowWiagram of distillation equipment to separate water and
ethylenic oligomer lighter than the solvent at the overhead of a first
distillation column, introduce the bottom into a second distillation
column, and recover the solvent at the overhead of the second
distillation column. It 1s preferable in this case to set the
theoretical number of plates to at least 30, and the reflux ratio to
at least 4 in each of the distillation columns.

In the following, some description will be given of the
preferred embodiments of the present invention with reference to
the attached drawings. FIG. 1 is a schematic process flow
diagram which shows the production process for carrying out the
present invention. The liquid reaction product which is produced
in a reactor 1 and 1is composed of a Ziegler based catalyst, an
organic solvent, unreacted ethylene and ethylenic oligomers is
supplied to a first stage flash tank 3 via a control valve 2, and
further to a second stage flash tank 6 via a control valve 5. The
liquid product after the first stage flashing, prior to supply to the
second stage flash tank, is heated in a heat exchanger 4 to be kept

at a prescribed temperature or higher. In these flash tanks the

unreacted ethylene which 1s dissolved in the liquid reaction
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di agram whi ch shows the production process for carrying out the present

i nvention. The liquid reaction product which is produced in a reaci$(%M~ﬂmp
is conposed of a Ziegler based catalyst, an organic solvent, unreacted -
et hyl ene and ethylenic oligoners is supplied to a first stage flash tank 3
via a control valve 2, and further to a second stage flash tank 6 via a
control valve 5. The |Iliquid product after the first stage flashing, prior
to supply to the second stage flash tank, is heated in a heat exchanger 4
to be kepfdudt i@ PIESEELDAD t EaMPehathEqiqiuilal 9B8Ctid R § PESE chliashetanks the
unreacted ethylene which is dissolved inthe liquid reaction 14 1 o JUN
2005 produGlcti$at®GOVEr edv hEhen the |éathD s€acki ofe REPHUCEdS wWepPh (9 @
deactivator 8, where the catalyst is deactivated with a deactivating agent
13. Sl igghyc areunth ofa dd 9ht1 8t IylieH aGhbaeneh f ReaRamy Nthihe 11 g6 qver ed
ethylene is recovered in a pot 10, and is sent to the deactivator 8, and
then t @ @odgaeheriPe tahd rafcltier£d @M YIS M 65 & @e POV @l pdf 100add
separating tank 15. Therein the deactivated liquid is separated into oi

phase agds¥watefo PiRsedeadBdvhierwal exnBhake ni §odias¢ayede PUG Sigdedt hetsyst em
as waste water 16. The oil phase is sent to a dissolving tank 19 equi pped

with acheahiegchandeeldd nand & PP 118, t6 5 Redierh tih @Gaink 18 ST aee tihe
pol ymer therein conpletely, and thereafter is sent to the distillation

syst emt hehdeactiveitedl Mgntid andskhe etfod enito ool ioaee and Wagdi Qraked,
Mention can be nmade of various distillation flow diagrans, for instance,
two fl awidi elge amea Bsr i p huster dsedigraklrldéd o andidle tExapplkecaf gdistidsadion
flow diagram1l (FIG 3) The liquid after the deashing treatnment is sent to a
first water 16. The oil phase is sent to a dissolving tank 19 equipped
with a heat exchanger 17 and a pump 18, is heated to again
dissolve the polymer therein completely, and thereafter is sent to
the distillation system, where the solvent and the ethylenic
oligomer are fractionated.
Mention can be made of various distillation flow diagrams,

for instance, two flow diagrams as illustrated on FIG. 3 and 4.

Example of distillation flow diagram 1 (FIG.3)

The liquid after the deashing treatment is sent to a first
distillation column 30, where the liquid composed principally of
ethylenic oligomer with C-6 and less is withdrawn at the top,
whereas the liquid composed principally of ethylenic oligomer
with C-8 and more and the organic solvent is withdrawn at the
bottom.

The overhead liquid in the first distillation column 30 is
introduced in the second distillation column 31, where offgas and
water are withdrawn at the top, and the ethylenic oligomer with
C-4 and more obtained at the bottom is introduced in a third
distillation column 32, where the ethylenic oligomer with C-4 is

obtained at the top, and the ethylenic oligomer with C-6 1is
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distillation colum 30, where the liquid conposed principally of ethylenic
oligonmer with CG6 and less is wthdrawn at the top, whereas the Iiﬂg[@szm
conposed principally of ethylenic oligomer with C8 and nore and t

organic solvent is wthdrawmn at the bottom The overhead liquid in the
first distillation colum 30 is introduced in the second distillation
colum 31, where offgas and water are withdrawn at the top, and the
ethylenic oligomer with C-4 and nore obtained at the bottomis introduced
in a tppidind it tLRLI WAt EQM 32, where the ethylenic oligomer with G4 is
obtained at the top, and the ethylenic oligonmer with G6 is 15 1 0 JUN 2005
obt ai ned at tgcbpbltesm Thethet fomt AithA1Atish blthhl0i@nigelvam AU IS
introduced in a fourth distillation colum 33, where the organic solvent is
obt ai ned at £508 thoRisaNH athe ol | @Uiith € OIPOSLH el RGP dgya Ric £3NYd £ Ls
oligomer with C8 or nore is obtained at the bottom |In the present

i nvent phBRaihkRel Or@aRiGe SObYent bt dhred ilherdei 8o hSp o 8gal 1 Fiefdg £d yt hé pugh
the oligonerization reaction systemas the reaction solvent. The bottomin
the fouthkldinSti bladd@rer twyek 838 ®rcamseeuid i yaimé dodycerd b titben sane
manner as the foregoing, into distillation colums 34, 35, 36, 37 , 38 and
39, wharehetpykesint ohivgarteos WhB € 8anCeclfoled?, ok dtne & ife abih & 18,
respectively are obtained at the top, and the liquid conposed principally
of et hylgeriinc 1ddpolel vhibugh?Clos obigo me riektadnedeaictiba botdt@mofad he
final distillation tower 39. Exanple of distillation flow diagram2 (FIG 4)
The |i ¢ghied afd @riorhesdéashitng t Tded mbotttosm sent tthe afdursh distillation

tower 33 1s consecutively introducced in the same manner as the
foregoing, into distillation columns 34, 35, 36, 37 , 38 and 39,
where ethylenic oligomers with C-8, C-10, C-12, C-14, C-16 and
C-18, respectively are obtained at the top, and the liquid
composed principally of ethylenic oligomer with C-20 or more is
obtained at the bottom of the final distillation tower 39.

Examvple of distillation flow diagram 2 (FIG.4)

The liquid after the deashing treatment is sent to a first
distillation column 40, where the liquid composed principally of.
ethylenic oligomer with C-8 and less and the organic solvent 1s
withdrawn at the top, whereas the liquid composed principally of
ethylenic oligomer with C-10 and more is withdrawn at the
bottom. The overhead liquid in the first distillation column 40
is introduced in the second distillation column 41, where offgas
and water are withdrawn at the top, and the ethylenic oligomer
with C-4 and more and the organic solvent that are obtained at
the bottom are consecutively introducced in a third distillation
column 42, a fouth distillation column 43 and a fifth distillation
column 44, where the ethylenic oligomer with C-6 and the organic

solvent are obtained at the top, and ethylenic oligomer with C-8
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distillation colum 40, where the liquid conposed principally of ethylenic
oligomer with C-8 and |l ess and the organic solvent is wthdrawn at tﬁQIWQEG
whereas the |iquid conposed principally of ethylenic oligomer with g 3
nmore is withdrawn at the bottom The overhead liquid in the first
distillation colum 40 is introduced in the second distillation colum 41,
where offgas and water are withdrawn at the top, and the ethylenic oligoner
with G4 and nore and the organic solvent that are obtained at the bottom

I d d |1 ati ol h
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botIon1 NIRY resent qyentlon t he org%ghc solzgnt ob&)ngd thgéeip is
again r& 6188 fﬁ?gﬂﬁﬂ fﬁ@“zdplgoﬁ%rfigﬁlgﬁ fct f oR°SyStemas the redttion
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wher ei based cdt al yst' I's enp ed and reacti sol ve

e Rt o e ORI A AR PR ety o
ethylenic oligomer with C-20 and more 1s obtained at the bottom
of the final distillation tower 49.

By wvirtue of the process for producing an ethylenic
oligomer according to the present invention wherein a Ziegler
based catalyst is employed and a reaction solvent is recyclingly
used, it 1s made possible to maintain the catalytic activity of the
foregoing catalyst by decreasing the water concentration in an
organic solvent to be recycled through the oligomerization
reaction system to a prescribed level or lower. It is also made
possible to obtain a highly pure ethylenic oligomer free from an
impurity by setting the concentration of olefin having 3 and
more carbon atoms in the reaction solvent to be recycled through
the above-mentioned oligomerization reaction system on at most
2% by weight.

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

however shall never limit the present invention thereto.

Example 1

[ Preparation of catalyst]

In a 500 milliliter (mL) flask equipped with a stirrer were
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organi c solvent to be recycled through the oligonerization reaction system
to a prescribed level or lower. It is also nmade possible to obtain ﬁMiNgmy
pure ethylenic oligoner free froman inpurity by setting the conce}'l ration
of olefin having 3 and nore carbon atons in the reaction solvent to be
recycled through the above-nentioned oligonerization reaction systemon at
nost 2% by weight. In the follow ng, the present invention wll be
described in nore detail with reference to working exanpl es, which however

shal I ngyerqhicdid fheapr esemlo dglerti 0T Lherft 0-2 XA A bof FN&RAL Alion _of
catalyst] In a 500 mlliliter (nm) flask equipped with a stirrer were 17 1

0 JUN 200pachMbEpdéiced Hyd A &t (sehe) ea ll &P nm I2% My ofy ZIJieORbWE
tetrachl ori de anhydride "(ZrCl4) and 250 nL of dry cycl ohéxane wth stirring

for 10witput §8i@ati FOOTLEENDETr ahyhtekO hBe rdBmt Ufemigussa Pl epar gth Wehe added
triethylalum num[(C H5)3A11 and then ethyl al um num sesquichloride [(C 2 H

5) 3 AlidFe Iblus phey 284 R @MW &d afr ibh8 yil Al alhyh ani(aunHand A1]
et hyl al um num sesquichlori de were regul ated to (C2H5) 3A12C13 7 ( CZHB) 3A1

bei ng 3n3 (tRRIAr ¢ £ BE1Q) udifh [ E2HR)SHMRERHEH)(C3 A L YV A, @1be]ng 7

(molar ratio). After adding all the conponents, the resultant mxture was
heat edwatie /Oin for tBe houngoun g atgpspheke of tat@marmn@mﬁimﬁfl Ngaha@ form

a conplex so that liquid catal yst was prepared. [ i gonerization reaction]
d i gomethzahiam feaet i 98sypaschootideowsIne aargu ettt (C,H,)  Al,Cl,
/(C,H,),Al being 3.5 ( molar ratio) and [(C,H,),Al,Cl,+ (C,H,)
, All / ZxCl, being 7 (molar ratio). After adding all the
components, the resultant mixture was heated at 70°C for 2
hours in an atmosphere of argon under stirring to form a
complex so that liquid catalyst was prepared.
[ Oligomerization reaction]

Oligomerization reaction was continuously carried out by
the use of a complete mixing tank type reactor (internal volume
of one liter). The above-prepared liquid catalyst was mixed
with cyclohexane which had been dried in an atmosphere of
argon so that the concentration of the zirconium tetrachloride
was adjusted to 0.08 mmol/l of cyclohexane. Further, thiophene
was added to the mixture in an amount of three times molar
ratio to the =zirconium tetrachloride to prepare a catalytic
solution. Subsequently a definite amount of the catalytic
solution was fed in the reactor (700 cc/hour). The
oligomerization reaction was carried out at 120°C at 65 kg / cm
2.G (6.4 MPa) under stirring at 500 rpm at a liquid level
equivalent to 500 cc for retention time of 43 minutes, during

which time highly pure ethylene gas was continuously fed in the

reactor so as to maintain the reaction pressure at 65 kg / cm 2 - G.
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the use of a conplete mxing tank type reactor (internal volune of one
liter). The above-prepared |liquid catalyst was mxed wth cyclohexggqupqm%h
had been dried in an atnosphere of argon so that the concentration of the
zirconiumtetrachloride was adjusted to 0.08 mmol /1 of cycl ohexane.
Further,. thiophene was added to the m xture in an anount of three tines
nolar ratio to the zirconiumtetrachloride to prepare a catalytic

sol ution. Subsequently a definite anmount of the catalytic solution was fed
in the rrqa&tloéa&f?ﬁ%cgéhatat)onlhgncplﬂ}g@meééaaﬁg Ofy & gLt b AN WA LRId i Bd out
at 120C at 65 kg / cm 2 G (6.4 MPa) under stirring at 500 rpmat a liquid
| evel equivalent to 500 cc for retention tinme of 43 mnutes, during which
time highly pure ethylene gas was continuously fed in the reactor so as to
mai ntain the reaction pressurejahbaa kg / cm2 G 18 1 0 JUN 2005 The

react i on—condirt+ons—and—the resuttsare grven i Tabte i —T abte—1—2rCl4
(ol / hgwid],0. 08  Et hyl al um num sesqui chl o g oimrBh/Hour) 0. 4368
Triethylal um num (nmmol / hour) 0.124 Cycl ohexane (cc/hour) 700 Reactijon
t enper akhe 16Gu 2RuReacd d efc RIesW e (kd(hnesl/ho§3) 65  Reachi gpetime
(mnute) 4 Catalytic activity - - - - - ----12.6
Et hyl enirgi ot h goaBanfGrfu o by W) 14.9 C @511{x‘?zi)otnt/hwh)r)15 4 0.124
Cyclohexane (cc/hour) 700
Reaction temperature (’C) 120
Reaction pressure (kg / cm 2 - @) 65
Reaction time (minute) 43
Catalytic activity (kg/g - ZrCl4) | 12.6 |
Ethylenic oligomer L C-4 (% by wt) 14.9
R (% by wt) 15.4
+ C-8 (% by wt) 14.1
1 C-10~18 (% by wt) 41.3
L C-2 20 (% by wt) 14.3
; C-18 purity 94.5

[Deactivation treatment of catalyst]

The deactivation treatment of catalyst was carried out by
continuously supplying the deactivating tank with the liquid
reaction product which had been obtained in the foregoing
oligomerization reaction at a flow rate of cyclohexane of 546 g /
hour (700 cc / hour) at a flow rate of ethylenic oligomer of 225 g
/ hour, making a total of 771 g/hour. A deactivating agent
consisting of 10% by weight of aqueous ammonia was supplied
at 28 g / hour. The deactivating tank was operated at 100C at
4 kg / cm 2.G (0.39 MPa) under stirring at 700 rpm by the use of

the equipment as illustrated in FIG. 2, wherein the symbols 24,
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C8 (Y%by wt) 14.1 0-10-18 (%by wt) 41.3 C? 20 (%by wt) 14.3
purity 94.5 [Deactivation treatnment of catalyst] The deactivatio

C 18
Nt [eANMaot

of catalyst was carried out by continuously supplying the deactivating tank
with the liquid reaction product which had been obtained in the foregoing

ol i goneri zation reaction at a flow rate of cycl ohexane of 546 g /
cc / hour) at a flowrate of ethylenic oligoner of 225 g [/ hour,

hour (700
maki ng a

total of 771 g/hour. A deactivating agent consisting of 10% by weight of

aqueouszgrgrﬂ?ogé\A@%eSgBQ' ' ac@itveg\é %’tgg%a])llhg %eeaocﬁévaalylﬂgnlg

7g6 rpm by

oper at ed at cn12 er stlrrln
the us t I e I 24,
19°10° JON %%@evquf”aﬁ”ﬁ“’%h LAl G S g;%%@%?ﬁ%h?a

tank, r\ﬁ%e?ﬁ Veeﬂ T#‘efl'l'tgk“GfPer%‘%Ptc&Btspﬁ):‘ngé ¢ g Qféﬂﬂa%'ﬂ” %{egﬁg‘%{l was

flltered to ter off wax conmponent by u |It

t ant

1101 aupnuns uashed | 116e AWt I dei uisterh YAt &re 1031814 BIBHN 119 otFesyt hat

of the filtrate subsequently dr

The col o5 5% & hRNARBI Bt e d i wtdomarpé'f@ﬁm%du G d s, DL ARl

anal ysed by gas romat ogr aphy to determ ne the utlon an

pot assi um carbonate anhygrlde

Wa%ied
purity of

the etx@i’fﬁ”b%t@'ssggrﬁ?rcé?bfo'}ﬁaﬁ@l SRR i0dYA e JOF PrAUGL axf’épséfiﬁ%'t' on

was found by cal cul ation through Schultz Flory distribution fromt

Iresult 195 Q@S sHEERBERIrPEPON ulc@r Gidf AWiaimE€ haged 2R aDReQAPED
0SS

chromatography to determine the distribution and purity

atigpal
of the

ethylenic oligomer as the objective product. The product

distribution was found by calculation through Schultz

Flory

distribution from the result of gas chromatography for C-10 and

more based on the operational loss.
[Distillation operation]

The resultant oligomerization reaction liquid whic

h had

been subjected to deactivation treatment was separated by

means of distillation to recover cyclohexane by the following

manner.

The resultant oligomerization reaction liquid
introduced in an Oldshue distillation equipment

distillation column) having an inside diameter of 40 mm at

was
(first

a flow

rate of 360 g / hour. The first distillation column had the

number of theoretical plates of 15 in the enriching section and

15 in the stripping section, and was operated at atmospheric

pressure at a temperature of 66.1°C at the overhead and at a

temperature of 90.7°C at the bottom at a reflux ratio of 5.

liquid composed principally of ethylenic oligomer with C-

The
6 and

less and cyclohexane was withdrawn at the overhead at a flow

rate of 47 g / hour, and the liquid composed principally of most
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[Distillation operation] The resultant oligonerization reaction |iquid which
had been subjected to deactivation treatnent was separated by rrea2§ i\ 2005
distillation to recover cycl ohexane by the following manner. The resultant
ol i gonerization reaction liquid was introduced in an A dshue distillation
equi pnent (first distillation colum) having an inside dianmeter of 40 nm at
a flow rate of 360 g / hour. The first distillation colum had the nunber
of theoretical plates of 15 in the enriching section and 15 in the

StripphPdc pELJHh ORa rN0a RS QRS AL el %hgfo@@phwlltql Or8SaHE Rlor® was
tenperature of 66.1C at the overhead and at a tenperature of 90.7C at the

bot t omyat hal ek nu% tr BhieObet t&m Te a iowi daconpper3 psi/nkoRal |y of ethylenic
oligoner with C6 and |ess and cycl ohexane was wi thdrawn at the overhead at

a flow rate Phed47b@thohur frand titee | i fivisd CATBESHEG tHONNCidddhidh of whmst 20
1 0 JUN 2005 of cyclohexane and ethylenic oligonmer with C-8 and nore was

W t hdr aybr 3 utBe bigt t eMcather f QW staie dfisBill3adibnh uéaﬁpeﬂ@@,t(@@&&qmthe
first distillation colum was introduced in another shue distillation

equi preRét1sgerd céliushind ! ﬁtalvqm%oéurmﬁsb@w Adaale t &5 e 4o agpher ofph40 nm
The second distillation colum had the nunber of theoretical plates of 15

in thesepphahingtHeation esidirdh hadt bReshuinPbeRgo Satid Ore tiand %Y@& opsyr ated
at atnospheric pressure at a tenperature of 80.0C in the overhead and at a

t enper atuig olie 1dArPChingt bechods homn datl ; inefihux stati p® iafg Secthenl i guidd
conposed principally of cyclohexane was wi thdrawn at the overhead at a flow
rate ofvals’@perated at atmospheric pressure at a temperature of 80.0°C
in the overhead and at a temperature of 170.9°C in the bottom
at a reflux ratio of 5. The liquid composed principally of
cyclohexane was withdrawn at the overhead at a flow rate of 170
g / hour, and the liquid composed principally of cyclohexane and
ethylenic oligomers with C-8 and more was withdrawn at the
bottom at a flow rate of 143 g / hour. The overhead obtained
from the second distillation column had a water concentration
being 8 ppm by wieght and a concentration of olefin with C-3
and more being 0.35 % by weight. The above-mentioned
distillation operation was carried out by using the equipment as
illustrated in FIG. 5, wherein the symbols denote the followings.
51: first distillation column, 52 and 57: condenser, 53
and 58: receiver, 54 and 59: oil bath, 56: second distillation
column, 61° pot.

Subsequently, the overhead which had been obtained from
the second distillation column in the above-mentioned manner,
and which was composed principally of cyclohexane was treated
with a molecular sieve to reduce the water concentration to at

most one ppm by weight, and was utilized for the preparation of

catalyst and for oligomerization reaction.
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g / hour, and the liquid conposed principally of cycl ohexane and ethylenic
oligomers with CG8 and nore was withdrawn at the bottomat a f|OWIf$Uqu&ﬁ
143 g / hour. The overhead obtained fromthe second distillation cofum had
a water concentration being 8 ppmby w eght and a concentration of olefin
with G3 and nore being 0.35 % by wei ght. The above-nentioned distillation
operation was carried out by using the equipnent as illustrated in FIG 5,
wherein the synbols denote the follow ngs. 51: first distillation colum, 52

and 5T paQiflepselonSsf canh8&t]receiver, 54 and 59: oil bath, 56: second
distillation colum, 61: pot. Subsequently, the overhead which had been

obt ai ned fromn the osaconitedi stiL) | atd oo @qlluirm)éﬂ gt labav es fTeRkirongd remnner,
and whi ch was conposed principally of cycl ohexane was treated wth a

ol eculryr o €¥edt d f eslicen £ i@ il €F e COMCRIt @R ONO0 Atl, WFStZiQB6 nARITh by
wei ght, and was utilized for the preparation of catalyst and for

ol i gonRItirzadh Iy ildeACta Ry d21dd 0(ZW1200% 4nlrepareat ifgregbiagt allyghlidi n a
one liter (L) flask equipped with a stirrer were introduced in an

at WDSMlﬁhq)d@‘ecarQOFriri@ﬁaﬁrLlyof 70 ff CORiydMd hieatd @ehl ohiadd nanhydr i dey h€eel a )
and the foregoing liqui conposed principally of cycl ohexane having a water

concendomtéAfratieh oPsit anespponky pwehgby Widiplst iwitlosfieriAa@ feirnupes. To
the m xture thus prepared were added 158.3 nmol of triethylalumnum( TEA)

with shihrniteg.f 9o 1Rennikttes eant dhenrepidhile d work afl datdylsd Brinmmwol of
sesquichloride ( EASC ) followed by stirring at 70C for 2 hours to forma
compl etiethylaluminum ( TEA ) with stirring for 10 minutes and then
541.7 mmol of ethylaluminum sesquichloride ( EASC ) followed
by stirring at 70°C for 2 hours to form a complex.

Subsequently, in a 500 mL three-neck flask were
introduced 250 ml of the foregoing liquid composed principally of
cyclohexane having a water concentration of at most one ppm by
weight and the above-prepared solution of the complex so that
the solution contained 0.12 mmol of ZrCl4, 0.65 mmol of EASC
and 0.19 mmol of TEA. To the resultant mixture was added
0.36 mmol of thiophene with stirring for 10 minutes, so that
liquid catalyst was prepared.

[Preparation Example of ethylenic oligomer (Oligomerization of
ethylene)]

In a one liter (L) autoclave equipped with a stirrer was
introduced by pressurizing in an atmosphere of dry argon, the
liquid catalyst which had been prepared in the above-mentioned
"Preparation of catalyst"”, while the autoclave was maintained at
50 to 60°C. After completing the supply of the liquid catalyst,
stirring was started, highly pure ethylene gas was promptly
blown into the autoclave until the pressure therein reached 65kg

2

/ cm G, and thereafter the temperature was raised to 120°C.

22



Subsequently, in a 500 nL three-neck flask were introduced 250 nl of the
foregoing liquid conposed principally of cyclohexane having a mate( JUN 2005
concentration of at nost one ppm by weight and the above- prepared s%lution
of the conmplex so that the solution contained 0.12 mml of ZrCl4, 0.65 mol
of EASC and 0.19 nmol of TEA. To the resultant m xture was added 0.36 nmol
of thiophene with stirring for 10 mnutes, so that |iquid catalyst was
prepared. [Preparation Exanple of ethylenic oligoner (Oigonerization of

ethyl eng)] pligwdi@peihi tfr {1 ayhgabave /oW PPedttida St hkerawBSunt
i ntroduced by pressurizing in an atnosphere of dry argon, the Iliquid

cat al ystc sU £y had begn, iRfepaliefs | Bhichef ahoyeraentd qnedir e Pr )11t | PR Of

catalyst", while the autoclave was naintained at 50 to 60C . After _
conpl elaiangibe suppky Ototh@nhidwi d £t al ysb, sdidathg Wagnf@Ftedsnfighly
pure ethyl ene gas was pronptly blown into the autoclave until the pressure

t her eig § eached Gk d/ r60c2i&n 0BG diebaaflt er Afbert eARELANpee WA I Bifsed to
120C. 22 10 JUN 2005 The blowing in of the ethylene was continued in an

a”DU“tthfé_eQ%Sé@tri)érf,Ofth@iﬁ%@iaﬂ@et%J dedeidg d@ﬁéé@@rii@&! _eahtiewégaf:ti on
was continued for 30 m nutes under the above-nentioned reaction conditions.

After jhhe rpom td owieh 1themfMeast iwatekhasayheclde: e tGaQ efgent to
depressurized, and was incorporated with 10 nL of water as the deactivating

agent demn ctdeactd tate ddte lgaital ysAs Asrasuésulthe tche adattat yit€iadlyi Wy was
made to be the figures as given in Table 2. Exanple 2
made to be the figures as given in Table 2.

Example 2

The procedure in Example 1 was repeated to carry out the
oligomerization reaction except that the liquid which had been
composed principally of cyclohexane and obtained as the
overhead in the second distillation column was not treated with
molecular sieve, but was used as such upon catalyst preparation
and as the reaction solvent. The reaction conditions and
performance results are given in Table 2.

Comparative Example 1

The procedure in Example 1 was repeated to carry out the
oligomerization reaction except that the liquid which had been
composed principally of cyclohexane and obtained as the
overhead in the second distillation column was incorporated
with water so that the water concentration in the liquid was
regulated to 15 ppm by wright, and was used upon catalyst
preparation and as the reaction solvent. The reaction

conditions and performance results are given in Table 2.



The procedure in Exanple 1 was repeated to carry out the oligonerization
reacti on except that the liquid which had been conposed principaIIXOQmszﬁ
cycl ohexane and obtained as the overhead in the second distillation~columm
was not treated with nolecular sieve, but was used as such upon cat al yst
preparation and as the reaction solvent. The reaction conditions and
performance results are given in Table 2. Conparative Exanple 1 The
procedure in Exanple 1 was repeated to carry out the oligomerization
reacti on except that the liquid whprghphad dbeen  conposed principally of

cycl ohexanre—and—obtairred—as—the—overhead—in—thersecond—dtst+ttation—<ol um
was incorporated with water so that the water Conggpipdd iOPntpathe liquid
was regulated to 15 ppm by wight, and was useg—upon—catal yst™ preparation
and as the reaction solvent. The reaction cond|tipns apd|-peyEorrENCE
resul t s—are—grven—tn—Ttabte2—231 0 3JUN2005 T ablre2Exanpte—Conpara 1 2
-tive Ewa%erV\%ﬁeem%&%hatihogoweml(w%d/m-)pﬂzrrn 1 8 15 Gaalytic
activity (g-oligonmer/g-2ZrCl 4 /hour) 7200 00 p0O0OO |[Exanple 3 The procedure

in Exanmpl£ ol y0es alc@peptyed to carry out the catplyst |preparation,
ol i goneri zation reaction, deactivation treatnent of |catalyst and

distillation operati on(gT@ﬁg@Iﬁ@@},t‘galzr@:p‘qrpgahtrD 0 |Theooveohead obt ai ned
in the seconddistittatTton

Example 3

The procedure in Example 1 was repeated to carry out the
catalyst preparation, oligomerization reaction, deactivation
treatment of catalyst and distillation operation. The chemical
composition of the overhead obtained in the second distillation
column in the final distillation operation is given in Table 3,
wherein the concentration of olefin having C-3 or more was
0.33% by weight. The distillation operation was carried out
by the use of the equipment as illustrated in FIG. 5.

Subsequently, the procedure in Example 1 was repeated to
carry out the [Oligomerization reaction] except that the liquid
which had been composed principally of cyclohexane and
obtained from the overhead of the second distillation column was
used as the reaction solvent. As a result, the product
distribution were comparable to those as given in Table 1. In
Table 4 is given the purity of C-18, which is the production ratio
of 1-octadecene as the objective product to the total production
amount of C-18 and catalytic activity.

Examples 4 and 5 and Reference Example 1

The procedure in Example 3 was repeated to carry out
Examples 4 and 5 and Reference Example 1 except that the

distillation conditions as given in Table 5 were applied in place
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colum in the final distillation operation is given in Table 3, wherein the
concentration of olefin having CG3 or nore was 0.33% by wei ght. Th? JUN 2005
distillation operation was carried out by the use of the equi pnent Qs
illustrated in FIG 5. Subsequently, the procedure in Exanple 1 was repeated
to carry out the [Aigonerization reaction] except that the liquid which
had been conposed principally of cycl ohexane and obtained fromthe overhead
of the second distillation colum was used as the reaction solvent. As a
resul toftPRoBEzo%CtEthﬁ%Ié byti om yepe eQmNar aphe HQoldNPSE &Sstdiipeitibh Tabl e
1. In Table 4 is giventhe purity of G 18, which is the production ratio

of 1-ogtadecens Psrhhee ORbeGtH o PRQUUGH eliP fhe TLPE Rl  Pr oWyt | @Re pdfEHINt  Of
C-18 and catalytic activity. Exanples 4 and 5 and Reference Exanple 1 The
procedys & h s BN &F InAS vepeah@d ot LGafd ¢ At th EXa8Ph AT 4iand]l 12 ta0a

Ref erence 'Exanple 1 except that the distillation conditions as given in
Tabl e 5o ehenapplépfe hniRl o 1243 1 ORALN 12005 i rofT 4 Bpsesi is Exppphe e As a
result, the product distribution were conparable to those as given in Table
1. Thepghegicak Cco@PQSid QHeOEa&BQ%@Y@fM%Q tahnedel Ralshe WwREeRRAthe
dISFI|FatI0n colum is given in Table 3. Further, in Table 4 is given the
purityopfgdmb&iandibhe reatcaliyhi Gvast pwt Mnth thiea eHze Wieresihg as the

ol i gonerization reaction was put into practice by using as the reaction

sol venteatbiohi live Wb ¢h ehathy hegnwedrbosed d e gahlposaod Eyial olexdse and
obt ai ned fromthe overhead of the second distillation colum. Reference
Exanpl ef 2cyclohexane and obtained from the overhead of the second

distillation column.

Reference Example 2

The procedure in Example 3 was repeated to carry out the
oligomerization reaction except that the liquid which had been
composed principally of cyclohexane and obtained as the
overhead in the second distillation column was incorporated
with water so that the water concentration in the liquid was
regulated to 15 ppm by wright, and was recyclingly used. The
results are given 1in Table 4.

Comparative Example 2

The procedure in Reference Example 1 was repeated to
carry out the oligomerization reaction except that the liquid
which had been composed principally of cyclohexane and
obtained as the overhead in the second distillation column was
incorporated with water so that the water concentration in the
liquid was regulated to 15 ppm by wright, and was recyclingly

used. The results are given in Table 4.
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The procedure in Exanple 3 was repeated to carry out the oligonerization
reacti on except that the liquid which had been conposed principally Qwszﬁ
cycl ohexane and obtai ned as the overhead in the second distillation Qo um
was incorporated wth water so that the water concentration in the liquid
was regulated to 15 ppm by wight, and was recyclingly used. The results
are given in Table 4. Conparative Exanple 2 The procedure in Reference
Exanple 1 was repeated to carry out the oligonerization reaction except
that the liquid which had been compasied principally of cycl ohexane and
obtained as the overhead in the second distillation colum was i ncorporated
wth water so that the water concentration in the |liquid was regulated to
15 ppm by wight,—anmd—was Tecyctingtyr used.—The resutts arg givenr i Tabl e
4. 25 1 ®vdihl 2008 q uhabkendp &¥@aibaath | i qui BxaaApesi Noon i n B @ v
Reference 2nd distillation colum (W% 3 4 5 Exanpre £ |C4 olefin 0.18
0.39 0. ¥n@. diktillaBiohetdru@nlEvdt .28)0. 78 3. 12  @yc| ohegang ¥k £ih P 33
98.26 947 4T C-3 and nore olefin 0.33 0.67 L[74 5.59 Water{ (ppmby W) 5 6
55 T algl-@ 4l&bianpl e No. Ref. Ref. Conp.0.13 4 50E391 E®.25Hx.2 2@&718 purity
(WM 9% 94.4 94.3 94.1 92.6 95.8 94.5

C-8 olefin 0.15 0.28 0.79 3.12
Cyclohexane 99.67 | 99.33| 98.26 94 .41
C-3 and more olefin 0.33 0.67 1.74 5.59
Water (ppm by wt) 5 6 5 5
T able 4

Example No. Ref.| Ref. | Comp.

3 4 5 Ex.1] Ex.2 Ex.2
C-18 purity (wt %) 94.4| 94.3| 94.1| 92.6] 95.8/ 94.5

Catalytic activity

(kg/g-ZrCl1,) 12.5 | 12.6 | 12.6 | 12.5 9.0 9.1

{Remarks} Ref. Ex.: Reference Example

Comp. Ex.: Comparative Example
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Catal ytic activity (kg/g-2rC1,)

Ex. :

able 5 Exanple No. Ref. Ref.

Conp.

2

B2 1t DstlP

12.5 12.6 12.6 12.5 9.0 9.1 {Renarks} Ref.
Ref erence Exanpl e Conp. Ex.: Conparative Exanple
345 Ex.1 Ex.

3N 005

["at'i on

Tower Top tenperature (C) 66.1 63.8 60.1 56.0 Sane Sane Bottom tenperature

(C© 90.7 90.2 89.7 89.1 as as

(g/hour) 47 38 28 20 in in

Refer ple 3 ence 2 nd Distillation Tower

Reflux ratio 5 5 5 5 data data Top flow rate
Bottomflow rate (g/hour) 313 322 332 340 Exam
Exam Top tenperature (C) 80.0 80.0

79.9 79.9 ple 1 Bottomterrperatuqea(@e 1%0.9 171.1 172.2 178.2 Reflux ratio

5 5 5 2—Fop ftowrate(gfhour)—176—179—196—262 1 Bottomftowrate—{grhour)
143 143 142 138 | NDUSTRI AL APPLI %@ﬂ&bfg\r[\]a'he pr ERENt 1 NReNti ongoghtes to a
process for producing an et hytentg—ott+gomrer—whith i s capabl e ¢of producing a
hi gh qual ity et hyI enl c oli gq)rreg havi gg enhagmed Buri ty,Egrfpd i NpAe ch a
Zi egl based uaLalyoL —caf—rat-Ataia—a—h '*J" cat&a y'tiC & LerLy, wher—
pr odumln& E@mﬁtamﬂlg%v&ro' i gomer whijch is useful pas a starti ng |material for
hi gh nmotecutar polymers, plasticizers, suffactants
Top temperature (C) 66.1| 638 | 60.1 56.0 Same | Same
Bottom temperature (°C) 90.7| 90.2 | 89.7 89.1 as as
Reflux ratio 5 5 5 5 data data
Top flow rate (g/hour) 47 38 28 20 in in
Bottom flow rate (g/hour) | 313 322 332 340 Exam- | Refer
ple 3 |ence
2 nd Distillation Tower Exam-
Top temperature (°C) 80.0| 80.0 | 79.9 79.9 ple 1
Bottom temperature (C) 1709 |171.1 | 1722 |178.2
Reflux ratio 5 5 5 2
Top flow rate (g/hour) 170 179 190 202
Bottom flow rate (g/hour) | 143 143 142 138

INDUSTRIAL APPLICABILITY

The present invention relates to a process for producing an

ethylenic oligomer which is capable of producing a high quality

ethylenic oligomer having enhanced purity, and in which a Ziegler

based catalyst can maintain a high catalytic activity,

when

producing an ethylenic oligomer which is useful as a starting

material for high molecular polymers,

plasticizers,

and the like by the use of the foregoing catalyst.
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and the like by the use of the foregoing catalyst. 27 10 JUN 2005 CLAI M5 1.
A process for producing an ethylenic oligoner which conprises subj 8c iJQg 2005
ethylene to oligonerization reaction in an organic solvent in the presence
of the conbination of (A) a transition nmetal conpound, (B) an

organoal um num and (C) at |east one conpound selected froma sul fur
conpound, L{W@@phor us conpound and a nitrogen conpound and recyclingly
using for the oligonerization reaction, the organic solvent separated by

distilling the resultant oliganmerization reaction_product, wherein the
wat er conclent r ad iRsAcess o Piegeting ap Rthysnigeligamer Shephosompiases sHBISAERGL i on of
t

ol ef i ns vw}é%e&ayoeoﬁ Oglg%&iog (%:%;i%ggn Gfgﬁﬁﬁds&f@n?gn%@.p?%héé BeGnd N the

organic ent 1s at nost g the oligonerization reaction

system 2.cofahpnaioass (Aga tpmsition inngalaconglonyd, &Bi) @n @irgapoai@mindrh ahd ¢Ghpt | ses

subj ectinﬂ ethé/l ene to oli%ﬁ rizatjon reaction in ﬁ‘” organi ¢ solvent in
€ HEd

the presenc®tgpe corapowg 5 Em grsuifur compound.d PRSRIQREE SPMPHYAME (B) an

or ganoal urﬂiﬂb’%@rﬁ&)ﬂlp{og')ld 8hd rek PRl PR L RRRWI o RS IRANRM Mo Dt
conpound, a phosphorus conpound and a nitrogen conpound, and recyclingly

usi ng f or sohenbbdpgotel bhyzdisiilbing theacsiltmt oligrenergngemicactal peductsepeareat ed by
distilling,the resultant. oligonerization, reaction product wherei n.t he
water condBAOTAET SHFHFAE BrYaiPy CoPTht TGee pOR) SlotoneetBiicg 8 ppm
by wei ght , o8/ Rhich Mave an&RBE 3 2hibeR aBmeheS WhichMit Canhkidéd iattht @2sdnid car bon
atons and which are contained in the organic solvent to be recycled is at

nmost 2% bysolwsnyistat mest 2hédyovdigne thexdigonwriratimotreastiogypttem 3. The process
for producing an ethylenic oligoner according to Claiml or 2, wherein the
wat er concentration in the organic solvent is at nost 5 ppm by weight. 4.

The procesg forA precds fo\dp@dtudhd vhedthyleit iolighRer dGEH drigrided sﬁl)di@i:tﬁﬁ%l_ or 2,
wherein the organic solvent is selected fromalicyclic conmpounds, aliphatic
hydr ocar botikylengr toratigemerjagtion deadbien sinaid organisgeaheané dn dhe piesenee Ri dheocar bons.

g- The prog&iiindidh ' (RYUGHAGBR nflldofilloind! BY IR eAGGRATANY b8 E g M 1 o
, least one compound selected from a sulfur compound, a phosphorus compound and a
nitrogen compound, and recyclingly using for the oligomerization reaction, the
organic solvent separated by distilling the resultant oligomerization reaction product,
wherein the water concentration in the organic solvent to be recycled is at most 8§ ppm
by weight, and/or the concentration of olefins which have at least 3 carbon atoms and

which are contained in the organic solvent to be recycled is at most 2% by weight in

the oligomerization reaction system.

3. The process for producing an ethylenic oligomer according to Claim 1 or 2,

wherein the water concentration in the organic solvent is at most 5 ppm by weight.
4. The process for producing an ethylenic oligomer according to Claim 1 or 2,

wherein the organic solvent is selected from alicyclic compounds, aliphatic

hydrocarbons, aromatic hydro-carbons and halogenated aliphatic hydrocarbons.

5. The process for producing an ethylenic oligomer according to Claim 1 or 2,

wherein the transition metal compound contains Zr.
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wherein the transition nmetal conpound contains Zr. 28 1 0 JUN 2005 6. The
process for producing an ethylenic oligoner according to Claiml or

wherein the ol efins which have at | east 3 carbon atons are ol efins QNﬁIJ(EW 105
have 4 to 8 <carbon atons. 29

6. The process for producing an ethylenic oligomer according to Claim 1 or 2,

wherein the olefins which have at least 3 carbon atoms are olefins which have 4 to 8

carbon atoms.
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