DESCRIPTION

METHOD FOR PRODUCINGx-OLEFIN OLIGOMER

TECHNICAL FIELD
[0001]

The present invention relates to a method for yecod) ana-olefin oligomer having
a low cloud point.

BACKGROUND ART
[0002]

a-Olefin oligomer is a useful substance widely uasa starting monomer material
for olefin polymers, as a comonomer for a varidthigh molecular polymers, and also as a
starting material for plasticizers, surfactants] #re like.

Amonga-olefin oligomers, ethylenic oligomers have bedemsively studied for
their production methods. In general, for exametaylene (C2) is oligomerized using a
Ziegler-based catalyst to obtain a mixture of CL&8 ethylenic oligomers such as butene
(C4), hexene (C6), and octene (C8), or C20 or higtigylenic oligomers, and then individual
ethylenic oligomers are isolated by distillatiortive order of the number of carbon atoms
such that components with smaller numbers of caatoms are first isolated using a plurality
of distillation columns. More specifically, the xtiire of ethylenic oligomers is distilled to
separate a mixture of C6 and lower ethylenic oligmrand a mixture of C8 and higher
ethylenic oligomers from each other. Subsequetitéymixture of C6 and lower ethylenic
oligomers is subjected to distillation to allow aegtion into C4 oligomer alone and C6
oligomer alone. The mixture of C8 and higher ethid oligomers is subjected to
distillation to allow isolation of C8 alone at thagp, and withdrawal of a mixture of C10 and
higher ethylenic oligomers as a distillation regidtom the bottom. Thereafter, the mixture
of C10 and higher ethylenic oligomers is subjedtedistillation under conditions with a
higher distillation temperature to allow isolatiohC10 alone at the top, and withdrawal of a
mixture of C12 and higher as a distillation residtighe bottom. By repeating such a
distillation operation, ethylenic oligomers havimgmbers of carbon atoms varying at
intervals of two can be isolated (PTLs 1 to 3). wdwer, as the number of carbon atoms in
an ethylenic oligomer increases, the boiling pointeases, so that isolation of the ethylenic
oligomer by distillation under temperature condisan which degradation can be avoided

becomes difficult even under reduced pressure.



For example, it is known that separation of C2fyleinic oligomer from ethylenic
oligomers having numbers of carbon atoms larger tha oligomer is generally difficult, and
that separation of C28 or higher, or C30 or higdthylenic oligomer from ethylenic

oligomers having numbers of carbon atoms larger tha oligomer is more difficult.
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0004]

As described above, for the mixture of ethyledigamers obtained as a distillation
residue withdrawn at the bottom of the distillatmylumn, isolation of ethylenic oligomers
having the respective numbers of carbon atoms stilldtion becomes difficult when the
number of carbon atoms exceeds a particular numig&nce the mixture of ethylenic
oligomers obtained as a distillation residue hagh cloud point, it cannot be easily handled,
and its use as a wax is difficult. Because of seasons, the mixture of ethylenic oligomers
obtained as a distillation residue is subjectedeibomposition in a catalytic cracking
apparatus (FCC apparatus) to be converted intsa dfagasoline, or is used simply as a fuel,
and thus, the use is limitative and there is alpratof lowered value in use.

In particular, further distillation separationamixture of C26 and higher ethylenic
oligomers (which may be hereinafter simply refet@ds C26+) or a mixture of C28 and
higher, or C30 and higher components (which malgdreinafter simply referred to as C28+
or C30+) withdrawn at the bottom is generally cdased to be difficult, so that lowering of
the cloud point is demanded.

SOLUTION TO PROBLEM
[0005]

In view of such circumstances, the present inwsritdensively have studied and as
a result, have found out that a small amount df higplecular weight molecules contained in

the mixture of ethylenic oligomers obtained assdilthtion residue are a cause of the high



cloud point. Based on such a knowledge, the pteseentors have found out that by
removing the small amount of high molecular weiglaiecules contained in the mixture of
ethylenic oligomers obtained as a distillationdasi the cloud point can be lowered and
properties of handling as a wax can be improved,.

More specifically, the present invention relashie following [1] to [10].
[1] A method for producing aa-olefin oligomer, including: subjecting-olefin to
oligomerization reaction to produce arolefin oligomer mixture, carrying out distillation
separation ofi-olefin oligomer having less than n carbon atomthéxmixture to obtain a
distillation residue containing-olefin oligomer having n or more carbon atoms, dreh
carrying out a step of removing high molecular ve¢igolecules from the distillation residue.
[2] The method for producing anolefin oligomer according to [1], wherein the
oligomerization reaction ai-olefin is carried out in an organic solvent in firesence of a
Ziegler-based catalyst.
[3] The method for producing arolefin oligomer according to [1] or [2], whereinhet
a-olefin is ethylene.
[4] The method for producing anolefin oligomer according to any one of [1] to,[3]
wherein the number of carbon atoms n is 26 or 30.
[5] The method for producing anrolefin oligomer according to any one of [1] to,[4]
wherein the high molecular weight molecules haweemght average molecular weight of
100,000 or more.
[6] The method for producing anrolefin oligomer according to any one of [1] to,[5]
wherein the step of removing high molecular weigloiecules from the distillation residue is
a step of removing high molecular weight molectogshin film distillation of the distillation
residue.
[7] The method for producing arolefin oligomer according to [6], wherein, in ttién
film distillation, the distillation temperature fikom 150 to 320C, and the pressure is from 1.0
x 102 to 5.0x 10 Torr.
[8] The method for producing arolefin oligomer according to [6] or [7], whereinet
thin film distillation is short-path distillation.
[9] The method for producing anrolefin oligomer according to any one of [1] to,[5]
wherein the step of removing high molecular weigloiecules from the distillation residue is
a step of dissolving the distillation residue inaxganic solvent under heat, cooling the
resulting solution to allow formation of a precgi#, and then removing the precipitate.
[10] The method for producing arolefin oligomer according to [9], wherein the
temperature under heat is from 70 to A30the retention time under heat is from 0.5 to 2



hours; the cooling rate under cooling is from @ B1C/minute; and the retention time after
cooling is from 0 to 1 hour.

ADVANTAGEOUS EFFECTS OF INVENTION
[0006]

Thea-olefin oligomer obtained by the method for prochgcana-olefin oligomer of
the present invention has a low cloud point, ardetore, thax-olefin oligomer can be easily
handled and is highly useful as a wax.

BRIEF DESCRIPTION OF DRAWINGS
[0007]

Fig. 1 is a schematic flow chart showing an examgblthe process for carrying out
the present invention.

Fig. 2 is a schematic flow chart showing an exangblthe process for carrying out
distillation in the present invention.

Fig. 3 is a schematic flow chart showing anothemeple of the process for carrying

out distillation in the present invention.

DESCRIPTION OF EMBODIMENTS
[0008]

The present invention is a method for producingiamefin oligomer, the method
including subjectingx-olefin to oligomerization reaction to produceaolefin oligomer
mixture, carrying out distillation separationafolefin oligomer having less than n carbon
atoms in the mixture to obtain a distillation resdcontainingx-olefin oligomer having n or
more carbon atoms, and then carrying out a stepnodving high molecular weight
molecules from the distillation residue.

The method for producing anrolefin oligomer of the present invention is delsed
below.

[0009]
(Production ofa-Olefin Oligomer Mixture)

In the present invention, tleeolefin oligomer mixture can be obtained by, for
example, polymerization af-olefin in the presence of a Ziegler-based cataly3the
Ziegler-based catalyst contains a combination ¢fgAransition metal compound and (B) an
organoaluminum, and, in addition, (C) a third comgat to be used as desired. As the (A)

transition metal compound, a compound representeadebfollowing general formula may be



used:

MXY,0, ()
wherein M represents a zirconium atom or a titanatom; X represents a halogen atom
(chlorine atom, bromine atom, or iodine atom); Wresents RO-, -, -OCOR, -OSGR, R-,
-Cp (cyclopentadienyl) (where R is a linear or lofaed alkyl group having 1 to 20 carbon
atoms), or § diketonato represented by formula (11):
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wherein in the formula (1), R R* and R each independently represent a hydrogen atom, an
alkyl group having 1 to 20 carbon atoms, or anladkgup which is substituted with a
halogen atom and which has 1 to 20 carbon atontls,the proviso that one of'RR? and R
is an alkyl group which is substituted with a haongtom and which has 1 to 20 carbon
atoms; and x, y, and z each represent an integetm#, with the proviso that x +y + z = 4.

Specific examples of such a compound include ZZBry, Zrly, ZrBrCls, ZrBr,Cly,
TiCly, TiBry, Tils, TiBrCls, TiBroCly, Zr(OGHs)a, Zr(OGHs)2Cly, Zr(0-n-GHy)a,
Zr(0-n-GH7)2Cly, Zr(0-is0-GHy)a, Zr(O-iso-GH7),Cl,, Zr(O-n-GHg)s, Zr(O-n-GHo)2Cla,
Zr(0-is0-CGHo)4, Zr(O-is0-GHg)2Cly, Zr(O-tert-GHg)a, Zr(O-tert-GHog)2Cly, Zr((CHs)2N)a,
Zr((CoHs)2N)a, Zr((n-GsH7)2N)a, Zr((is0-GH7)2N)a, Zr((n-CaHo)2N)a, Zr((tert-CiHg)2N)a,
Zr(OSG;CH3)4, Zr(OSQC;Hs)4, Zr(OSQC3H7)4, Zr(OSQC4Hy)4, ZrCpCl,, ZrCpCIBT,
Ti(OC,Hs)4, Ti(OCyHs)Cly, Ti(O-n-GsH7)4, Ti(O-n-GH7)2Cly, Ti(O-iso-GHy)a4,
Ti(O-is0-GsH7)2Cly, Ti(O-n-CyHg)s, Ti(O-n-CyHg),Cly, Ti(O-is0-GHy)s, Ti(O-iso-GHy)2Cly,
Ti(O-tert-GyHo)4, Ti(O-tert-GHy)2Cl,, Ti((CHz)2N)4, Ti((CoHs)2N)4, Ti((N-CsH7)2N)a,
Ti((is0-CsH7)2N)4, Ti((n-CsHg)2N)4, Ti((tert-C4Hg)2N)4, TiI(OSOQsCHz)4, TI(OSOCoHs)4,
Ti(OSG;C3H7)4, TI(OSGCyHg)4, TIC,Cly, TiICpCIBr, Zr({OCOGHS5),4, Zr(OCOGHS;s).Cly,
Zr(OCOGH?7)4, Zr(OCOGH7?)2Cl,, Zr(OCOGH?>)4, Zr(OCOGH?7).Cly, Zr(OCOGHo)4,
Zr(OCOGHg),Cly, Ti(OCOGHSs)4, TI(OCOGHSs),Cly, TiI(OCOGH7)4, TI(OCOGH-).Cl,,
Ti(OCOGH7)4, TI(OCOGH>).Cl,, Ti(OCOGHog)4, TI(OCOCGH,).Cl,, ZrCL(HCOCFCOR),
and ZrCH(CH;COCFCOCH),.
[0010]

Examples of the organoaluminum (B) include a commgorepresented by general
formula:

ALY 2XpOcNg (1



wherein X represents a halogen atom (chlorine abwomine atom, or iodine atom); Y
represents RO-,Rl-, -OCOR, or R- (where R represents a linear anbined alkyl group
having 1 to 20 carbon atoms); and a, b, ¢, ancth egpresent an integer of 0 to 3, with the
proviso that a + b + ¢ + d = 3, and/or a compowmtesented by general formula:

AlLY 2 Xy Oc Ny (V)
wherein X represents a halogen atom (chlorine absomine atom, or iodine atom); Y
represents RO-, RI-, -OCOR, -RCOCR’,COR”, or R- (where R, R’ and BAch represent a
linear or branched alkyl group having 1 to 20 caratoms); and a’, b’, ¢’, and d’ each
represent an integer of 0 to 6, with the provisa #i+ b’+ ¢’ + d’' = 6.

[0011]

Examples of the compound represented by the geioensula (111) include Al(CH)s,
Al(C2Hs)3, Al(C3H7)s, Al(is0-C3H7)3, Al(C4aHo)s, Al(is0-CsHo)s, Al(CsHa11)s, Al(CeH13)s,
Al(CgH17)3, Al(C2Hs),Cl, Al(C2Hs)2Br, Al(C2Hs)2l, Al(C2Hs)Cly, Al(C2Hs)Br,, Al(CoHs)l >,
AIC;Hs5(OC;Hs),, AICH5(OCsH7)2, AICHs(OC4Hg)2, AI(OC;H5).Cl, Al(OC3H7).Cl,
Al(OC4Ho).Cl, Al(OC;H5)Cly, AI(OC3H7)Cl,, AI(OC4Hg)Cly, AIC,H5(OCOGHS),,
AIC;H5(OCOGH?7),, AIC,Hs5(OCOGHo),, AI(OCOGHs),Cl, AI[OCOGH;).Cl,
Al(OCOC4Hg).Cl, AI([OCOCH5)Cly, AI[OCOGH7)Cly, AI[OCOCHy)Cl,, Al(C2Hs),0CoHs,
Al(C2Hs)20C3H7, Al(C2Hs)20CsHg, Al(C2Hs)2(N(CoHs)2), Al(C2Hs)2(N(CsH7)2), and
Al(C,H5)2N(C4Ho)o.

Examples of the compound represented by the gefioenaula (1V) include
Al 2(CHs)sCls, Alx(CHzg)3Brs, Ala(CoHs)sCls, Alx(CoHs)3Bra, Alx(CoHs)sls, Ala(CoHs)sBrCly,

Al 2(C3H7)3Cls, Aly(is0-GH7)3Cls, Alx(CaHg)3Cls, Al(is0-CaHg)3Cls, Alo(CsH11)sCls,

Al 5(CgH17)3Cl3, Alx(CoHs)2(CH3)Cls, Alo(OCHs)3Cls, Alo(OC3H7)3Cls, Alo(OCyHg)sCls,
Al (OCOGHSs)3Cls, Al,(OCOGH?7)sCls, and AL(OCOGCH)sCls.

[0012]

As the third component (C), which is used as désiat least one compound selected
from sulfur compounds, phosphorus compounds, anolgen compounds may be used.
The third component contributes to improvementefpurity of then-olefin oligomer as the
objective product. The sulfur compound is not tedias long as it is an organosulfur
compound, and preferred examples of the sulfur camg include thioethers such as
dimethyl sulfide, diethyl sulfide, dipropy! sulfiddihexyl sulfide, dicyclohexyl sulfide, and
diphenyl thioether; dialkyl disulfide compounds Bus dimethyl disulfide, diethyl disulfide,
dipropyl disulfide, dibutyl disulfide, dihexyl diffide, dicyclohexyl disulfide, and
ethylmethyl disulfide; thiophenes such as thioph@amethylthiophene, 3-methylthiophene,
2,3-dimethylthiophene, 2-ethylthiophene, and bempphene, and heterocyclic sulfur



compounds such as tetrahydrothiophene and thiopysanmatic sulfur compounds such as
diphenyl sulfide, diphenyl disulfide, methylphemysulfide, and methylphenyl sulfide;
thiourea; and sulfides such as methyl sulfide, letbifide, and butyl sulfide.

[0013]

The phosphorus compound is not limited as lonitjigasan organophosphorus
compound, and preferred examples of the phosplmmgound include phosphines such as
triphenylphosphine, triethylphosphine, tributylppbme, tripropylphosphine,
trioctylphosphine, and tricyclohexylphosphine. Tiiggogen compound is not limited as
long as it is an organonitrogen compound, and medeexamples of the nitrogen compound
include organic amines such as methylamine, ethyenpropylamine, butylamine,
pentylamine, hexylamine, cyclohexylamine, octylagnidecylamine, aniline, benzylamine,
naphthylamine, dimethylamine, diethylamine, dibatgine, diphenylamine,
methylphenylamine, trimethylamine, triethylaminghatylamine, triphenylamine, pyridine,
and picoline.

[0014]

In the present invention, among the various sdémpounds, phosphorus
compounds, and nitrogen compounds, one or more congs selected from, for example,
dimethyl disulfide, thiophenes, thiourea, triphgrhdsphine, tributylphosphine,
trioctylphosphine, and aniline may be preferablgdis

The polymerization reaction ofolefin is preferably carried out in an organic
solvent. Examples of the organic solvent inclulityelic compounds such as cyclohexane
and decalin; aromatic hydrocarbons such as ben@nene, xylene, chlorobenzene,
ethylbenzene, dichlorobenzene, and chlorotoluere halides thereof; aliphatic
hydrocarbons such as pentane, hexane, heptaneepntanane, and decane; and halogenated
aliphatic hydrocarbons such as dichloroethane &tdatobutane.

[0015]

The blending ratio among the components (A), @84 (C) in the organic solvent in
the present invention is as follows. In termshaf &amount in 250 mL of the organic solvent,
the amount of component (A) is usually 0.01 to Sahrpreferably 0.03 to 1 mmol. The
amount of component (B) is usually 0.05 to 15 mrpotferably 0.06 to 3 mmol. The
amount of component (C) is usually 0.05 to 20 mrimothe case where the sulfur compound
is used as the component (C), the amount is pi#fe@al to 10 mmol; in the case where the
nitrogen compound or the phosphorus compound i@ as¢he component (C), the amount is
preferably 0.05 to 5 mmol. With respect to thenbdieg ratio between the components (A)

and (B), when Al / Zr or Ti (molar ratio) is setfadl within the range of 1 to 15, an even more



preferred result can be obtained.
[0016]

The polymerization reaction of tleolefin oligomer mixture in the present
invention is carried out usually at a temperatdr&0® to 150C under a pressure of 30 to 90
kg/cn?iG (2.94 to 8.82 MPa). While the reaction time earilepending on the temperature
and pressure and cannot be specified in a unifoamner, a reaction time of about 10 minutes
to 60 minutes is usually sufficient.

[0017]

In the production method of the present inventtbag-olefin used as a starting
material is preferablg-olefin having 2 to 4 carbon atoms, more preferabhylene.

In the case where ethylene is used as a stariterial, the ethylenic oligomer
mixture is a mixture of chain oligomers having abéuo 80 carbon atoms (C4 to C80) with
an unsaturated double bond at thposition. In general, the ethylenic oligomer mne
contains a large amount of ethylenic oligomers ingwvelatively small numbers of carbon
atoms, such as those having about 4 to 30 carlbeomsafor example, 1-butene (C4), 1-hexene
(C6), 1-octene (C8), 1-decene (C10), 1-dodeceng)(dltetradecene (C14), 1-hexadecene
(C16), 1-octadecene (C18), 1-eicosene (C20), 1sben(C22), 1-tetracosene (C24),
1-hexacosene (C26), 1-octacosene (C28), and biiesene (C30). By controlling reaction
conditions, a larger amount of ethylenic oligomeasing desired numbers of carbon atoms
can be obtained.

[0018]

In the present invention, the solutionoeblefin oligomer mixture obtained by
polymerization ofx-olefin is subsequently subjected to recovery atantedx-olefin,
deactivation of the catalyst, and deashing treatmenhe temperature of the solution after
the polymerization reaction is preferably 90 to A50more preferably 100 to 13D. The
organic solvent and unreacteeblefin are separated and recovered by distillatiohhe
recovered unreactedolefin and organic solvent are recycled into tbe/merization
reaction system.

[0019]

Subsequently, the catalyst is preferably subjettatbactivation treatment by
adjusting the pressure of the treatment systerhaatad kg/criG (0.39 MPa) and
introducing a deactivating agent. Examples ofdbactivating agent to be used in this
process include basic nitrogen compounds, wateshals, carboxylic acids, and phenols.
Among these, examples of the basic nitrogen comg®intiude ammonia; and amines such

as methylamine, ethylamine, propylamine, butylampentylamine, hexylamine,



cyclohexylamine, octylamine, decylamine, anilinenbylamine, naphthylamine,
dimethylamine, diethylamine, dibutylamine, diphemyine, methylphenylamine,
trimethylamine, triethylamine, tributylamine, trighylamine, pyridine, and picoline.
[0020]

A preferred mode of production of theolefin oligomer mixture is described with
reference to Fig. 1. Fig. 1 is an exemplary fldwart for carrying out the present invention.
The liquid reaction product produced in a reactand containing a Ziegler based catalyst, a
solvent, unreacted ethylene, and ethylenic oligensesupplied to a first stage flash tank 3
via a control valve 2, and further to a secondesféash tank 6 via a control valve 5. The
liquid product after the first stage flashing istezl in a heat exchanger 4 in order to be kept
at a predetermined temperature or higher beforggt®ipplied to the second stage flash tank
6. Inthese flash tanks, unreacted ethylene disdah the liquid reaction product is
recovered. The liquid reaction product is thert sela deactivator 8, where the catalyst is
deactivated with a deactivating agent 13. A slaynbunt of lighta-olefin accompanying
the recovered ethylene is recovered into a poai@,sent to the deactivator 8. The resulting
product is then sent to a deasher 9, and washédwasishing water 14, followed by being sent
to a separating tank 15. In the separating tankhEsproduct is separated into an oil tank
and a water tank, and the water tank is discardéside the system as waste water 16. The
oil tank is sent to a dissolving tank 19 equippeith\@ heat exchanger 17 and a pump 18, and
then heated to allow complete redissolution ofgblymer therein, followed by being sent to
a distillation system, where the solvent and tihglehic oligomer are fractionated.

[0021]
(Distillation Treatment)

Thea-olefin oligomer as the objective product in thegent invention can be
obtained by subjecting a solution containingoaolefin oligomer mixture to at least a
distillation step for separation of the mixture.

Thea-olefin oligomer mixture is subjected to distillati treatment to separate
a-olefin oligomers having less than n carbon atormsfa-olefin oligomers having n or more
carbon atoms. The distillation is preferably adrout in a multistage manner. By the
distillation in a multistage manner, individuzlolefin oligomers can be isolated in the order
from smaller to larger numbers of carbon atoms, asd result, the individuatolefin
copolymers can be utilized as monomers and comorsofoeolefin polymers.

The number of carbon atoms n is preferably 2022226, 28, or 30, more
preferably 26 or 30. In generakolefin oligomers having 26 or more carbon atomgeha
high boiling points, and are therefore less likelyvaporate even under reduced pressure.
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Although the evaporation is more likely to occuratincreased temperature, the temperature
control has limitation taking degradationaslefin into account. Therefore, further
distillation separation of individual-olefin polymers is difficult form-olefin oligomers

having 26 or more carbon atoms (C26+plefin oligomers having 28 or more carbon atoms
(C28+), ora-olefin oligomers having 30 or more carbon atom3Q€). For C26+, it had

been tentatively confirmed that a distillation ceg of C30+ can be obtained by distillation
separation of a mixture of C26 and C28 under cdettalistillation conditions. However,

the control of the conditions is actually difficult

Accordingly, with respect to C26+ (or C30+) etmjiteoligomers as a distillation
residue, by separating high molecular weight mdesctherefrom by the later-mentioned
method to lower the cloud point, individual ethytenligomers having less than 26 carbon
atoms (or less than 30 carbon atoms) can be wtifizea starting monomer material for olefin
polymers, and ethylenic oligomers having 26 or neaidon atoms (or 30 or more carbon
atoms) can be utilized as a wax.

[0022]
<Example of Distillation Flow 1 (n = 26) Fig. 2>

Multistage distillation treatment of the ethyleoicggomer mixture obtained by
polymerization of ethylene as arolefin is concretely described below with referema Fig.
2.

Fig. 2 is a schematic flow chart for a method ik distillation separation of
ethylenic oligomers having less than 26 carbon atonan ethylenic oligomer mixture is
carried out to obtain a distillation residue conitag a-olefin oligomers having 26 or more
carbon atoms.

A solution ofa-olefin oligomer mixture after deashing treatmeninitroduced into a
first distillation column 20, a liquid containing @ major component-olefin that is C6 and
lower ethylenic oligomers is withdrawn at the tapd a liquid containing as major
componentsi-olefin that is C8 and higher ethylenic oligomexsd an organic solvent, is
obtained at the bottom. The top liquid in thetfaistillation column 20 is introduced into a
second distillation column 21, offgas and wateraitedrawn at the top, C4 and higher
a-olefins obtained at the bottom are introduced antbird distillation column 22, and C4 and
C6 a-olefins are obtained at the top and at the bottespectively. The bottom liquid in the
first distillation column 20 is introduced into aurth distillation column 23, the organic
solvent is obtained at the top, and a liquid comihg as a major componemtolefin that is
C8 and higher ethylenic oligomers is obtained asittom liquid. The bottom liquid in the

fourth distillation column 23 is consecutively iotuced, in the same manner as described



11

above, into distillation columns 24, 25, 26, 27, 28, and 210x-olefin polymers as C8, C10,
C12, C14, C16, C18, and C20 to C24 (mixture) etiigleligomers, respectively, are
obtained at the top, and a distillation residugt@oimg C26+ ethylenic oligomers is obtained
at the bottom of the final distillation column 210.

[0023]

<Example of Distillation Flow 2 (n = 30) Fig. 3>

Fig. 3 is a schematic flow chart for a method ah distillation separation of
ethylenic oligomers having less than 30 carbon atwnan ethylenic oligomer mixture is
carried out to obtain a distillation residue conitag a-olefin oligomers having 30 or more
carbon atoms.

The flow is the same as the example of distillaflow 1 until obtaining C26+
ethylenic oligomers from the distillation column@®1 The bottom liquid in the distillation
column 210 is introduced into a distillation colu@il, arm-olefin polymer as C26 and C28
(mixture) ethylene oligomers is obtained at the topl a distillation residue containing C30+
ethylenic oligomers is obtained at the bottom effihal distillation column 211.

The distillation in the present invention is niatited to the modes such as the
examples of distillation flow 1 and 2. For examphe number of distillation columns in
each of the examples of distillation flow 1 and @ynibe increased or decreased as appropriate,
or the distillation does not need to be multistdigtillation. For example, the distillation
may be a single distillation under conditions thikdw separation of C26+ (or C30+)
ethylenic oligomers from less than C26 (or less tG80) ethylenic oligomers. However,
from the viewpoint of effective use of the ethylenligomers separated by the distillation and
the ethylenic oligomers contained in the distilatresidue, multistage distillation, as in the
example of distillation flow 1 or 2, is preferaldgrried out.

[0024]
(Step of Removing High Molecular Weight Moleculesm Distillation Residue)

In the present invention, a step of removing hgilecular weight molecules from
the distillation residue containiraolefin oligomers obtained by the distillation &rded
out.

The method for removing the high molecular weiglaiecules is not limited, and
preferably thin film distillation, short-path dilition, or a decanter method.

[0025]
<Thin Film Distillation>
Thin film distillation is a distillation method iwhich a raw evaporation material is

continuously supplied under reduced pressure optare heated at a certain constant
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temperature to allow formation of a thin unifordmfj and the raw evaporation material is
heated only while the material is present on tla@@l to allow instantaneous evaporation of a
component having a relatively low boiling pointdaio recover a component having a
relatively high boiling point from the plane. Ininh film distillation, a film of thea-olefin
oligomers as a raw evaporation material can beddrbefore the evaporation. Therefore,
evaporation of the-olefin oligomers can be promoted to increase tidipation efficiency,
and moreover, the thermal history imposed orotledefin oligomers can be suppressed.

By recovering the distilled portion obtained b thin film distillation,a-olefin
oligomers from which high molecular weight molecusge removed can be obtained.

From the viewpoint of simple separation (remowdihe high molecular weight
molecules, the thin film distillation apparatusferably has a condenser therein.

The method for the formation of the thin film istdimited, and examples thereof
include methods such as a flow-down method, cemaif method, stirring method, rotary
method, blade method, and elevation method. Antlese, a rotary method using a wiper
or the like is preferred.

[0026]

The distillation conditions for the thin film dikation are not limited. From the
viewpoint of simple separation (removal) of thethigolecular weight molecules, the
conditions are as described below.

The distillation temperature is preferably 15@&6°C, more preferably 230 to
320°C, still more preferably 280 to 310.

The pressure during the distillation is preferablyx 102 to 5.0x 102 Torr.

The feeding amount of tlee-olefin oligomers as a raw evaporation material is
preferably 300 to 600 mL/h, and the rotation spafeithe wiper is preferably 50 to 600 rpm.
The wiper rotation speed is preferably 350 to 458 m cases of thin film distillation of
C26+ ethylenic oligomers, preferably 60 to 220 ripmases of thin film distillation of C30+
ethylenic oligomers.

[0027]
<Short-path Distillation>

The thin film distillation is preferably short-fadlistillation.

Short-path distillation allows distillation underedium vacuum (for example, at
about 16 Pa to 10 Pa) with a short residence time (for example, s#hseconds to 1 minute
at most), thereby enabling distillation of substmwith high boiling points, which is difficult
for batch-type short distillation. By the shortipdistillation, high molecular weight
molecules can be removed as high-boiling-point sutzes from the distillation residue.
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A short-path distillation apparatus at least has\aporator, condenser, and pressure
reduction means (for example, vacuum pump). Tlapenator preferably has an
evaporation plane, and examples of the evaporatame include plate-shaped bodies such as
rectangular plates and disks; cylindrical bodiest bottomed containers. The evaporation
plane may be, for example, a surface of a platpesthdody, the inner surface or outer surface
of a cylindrical body, or an inner surface of atadmer. From the viewpoint of forming the
thin film of the a-olefin oligomers as a raw evaporation materiabbethe evaporation, the
evaporator preferably has, for example, a platpesioa a cylindrical shape.

[0028]
<Decanter Method>

By using a decanter method, the high moleculagitanolecules can be removed.

The decanter method in the present inventionest imcludes a step of dissolving the
distillation residue containing-olefin oligomers under heat in an organic solveongling the
resulting solution to allow formation of a precgi#, and then removing the precipitate.

The conditions for the decanter method are natdidnas long as the distillation
residue can be dissolved by the heating and trepi@ion of the high molecular weight
molecules occurs by the cooling. From the viewpofreasily separating (removing) the
high molecular weight molecules, the conditionsag@escribed below.

[0029]

The type of the organic solvent is not limited@g as the distillation residue
containinga-olefin oligomers can be dissolved therein. Exaraplf the organic solvent
include aliphatic organic solvents such as octdaeeane, dodecane, tetradecane, and
hexadecane; aromatic organic solvents such asexydghylbenzene, and toluene; and olefin
organic solvents such as 1-octene, 1-decene, ledndeand 1-tetradecene. Among these,
toluene is preferred.

The dissolution is allowed under heat, and theilhgaemperature is preferably 70 to
13C°C, more preferably 80 to 120, still more preferably 90 to 110.

The retention time under heat is not limited amlas the distillation residue
containinga-olefin oligomers can be dissolved. The retentiore under heat is preferably
0.5 to 2 hours.

The cooling temperature after the dissolutionrefgrably 20 to 6%C, more
preferably 30 to 5TC, still more preferably 35 to 46.

The cooling rate is preferably 0.1 t8C3minute, more preferably 0.5 t6@/minute.

The retention time after the cooling is preferabiy 1 hour, more preferably 0.05 to
0.5 hour.
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The precipitate formed by the cooling is removgdftr example, suction filtration.
By subjecting the resulting filtrate to evaporatafrthe solvent under reduced pressure,
a-olefin oligomers from which high molecular weighblecules are removed can be
obtained.

[0030]
(High Molecular Weight Molecules)

The distillation residue obtained by the shorthdistillation/thin film distillation, or
the precipitate formed by the decanter methodpmsposed of high molecular weight
molecules having a weight average molecular weafjitn0,000 or more.

The weight average molecular weight is a valuemeined by GPC, and is
measured by the method described in Examples.

[0031]
(a-Olefin Oligomers from Which High Molecular Weightolecules Are Removed)

In the present invention, by the method descrédsale a-olefin oligomers from
which high molecular weight molecules are remoymdferably ethylenic oligomers from
which high molecular weight molecules are remowed,obtained.

The ethylenic oligomers are preferably C26+ ethigl@ligomers from which high
molecular weight molecules are removed, or C30¥letfic oligomers from which high
molecular weight molecules are removed.

In the case where the step of removing high mddeaweight molecules in the
present invention is not carried out, the C26+ 8@-€ethylenic oligomers usually contain
high molecular weight molecules having a weightrage molecular weight of 100,000 or
more at about 1000 to 40,000 ppm. By performirgsiep of removing high molecular
weight molecules in the present invention, the amafi high molecular weight molecules
having a weight average molecular weight of 100,80tore can be reduced to 500 ppm or
less.

Since the cloud point of the ethylenic oligomewsf which high molecular weight
molecules are removed as described above is pobferf@CC or less, more preferably 40 to
90°C, still more preferably 40 to 8Q, the ethylenic oligomers are highly useful asax,w
and can be used for a variety of uses including aduitives, cosmetics, resin lubricants,
candles, and PVC lubricants.

EXAMPLES
[0032]
The present invention is described below in m@titlby way of Examples, but the
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present invention is not limited by the Examples.
[0033]
[Measurement of Cloud Point]

According to JIS K 2269, the cloud point was meadu
[0034]

[GPC Measurement]

By gel permeation chromatography (GPC), the weierage molecular weight
(Mw) and the molecular weight distribution (Mw/Mwkere determined. In the measurement,
the following apparatus and conditions were useabtain the weight average molecular
weight in terms of polystyrene.
<GPC Measurement Apparatus>

Column: TOSO GMHHR-H (S) HT

Detector: RI detector for liquid chromatography TERS 150C
<Measurement Conditions>

Solvent: 1,2,4-trichlorobenzene

Measurement temperature: 145

Flow rate: 1.0 mL/minute

Sample concentration: 2.2 mg/mL

Injection volume: 16QuL

Calibration curve: Universal Calibration

Analysis program: HT-GPC (Ver. 1.0)

[0035]
Example 1
[Preparation of Catalyst]

In a 500-mL flask equipped with a stirrer, 25 mrabkirconium tetrachloride
anhydride and 250 mL of dry cyclohexane were inioeal under argon atmosphere, and the
resulting mixture was stirred for 10 minutes atmoiemperature. To the mixture,
triethylaluminum [(GHs)sAl] was added, and then ethylaluminum sesquichérid
[(C2Hs)3AILCls] was added.  The amounts of the triethylaluminuma the ethylaluminum
sesquichloride were adjusted such thatHg}sAl ,Cl3 / (CHs)3Al = 3.5 (molar ratio) and
[(CoHs)3AILCls + (CoHs)3Al] / ZrCl, = 7 (molar ratio) were satisfied. After adding al
components, the resulting mixture was heated & wdth stirring for 2 hours under argon
atmosphere to allow complex formation, thereby areyg a liquid catalyst.

[0036]
[Oligomerization Reaction]
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The reaction was continuously carried out usiegraplete mixing tank type reactor
(internal volume, 1 L). The liquid catalyst was«eu with cyclohexane dried under argon
atmosphere, such that the concentration of zireorietrachloride was adjusted to 0.08
mmol/L-cyclohexane. Thiophene was then addedeantixture at three times the moles of
zirconium tetrachloride, and the resulting mixtu@s constantly (700 cc/hour) supplied to
the reactor. The level in the reactor was seDtbde, and the residence time was set to
about 43 minutes based on the solvent. The reaai#&s carried out at 120 at 65
kg/cnfG (6.4 MPa) with stirring at 500 rpm.  High-purigshylene gas was continuously
supplied such that a reaction pressure of 65 kﬁﬂérwas maintained. The conditions and
the results are shown in Table 1.

[0037]
Table 1
ZrCls (mmol/hour) 0.08
Ethylaluminum sesquichloride (mmol/hour) 0.436
Triethylaluminum (mmol/hour) 0.124
Cyclohexane (cc/hour) 700
Reaction temperature (°C) 120
Reaction pressure (kg/cm2[(G) 65
Reaction time (minutes) 43
Catalytic activity (kg/g2rCls) 12.6
Ethylene oligomer | C4 (mass%) 14.9
C6 (mass%) 15.4
C8 (mass%) 14.1
C10t0 18 (mass%) 41.3
C20 and higher (mass%) 14.3
C18 purity 94.5
[0038]

[Deactivation Treatment of Catalyst]

Deactivation treatment of the catalyst was caroiedby continuously supplying the
liquid reaction product obtained in the polymeri@atreaction to a deactivating tank under
the following conditions: cyclohexane, 546 g/hot®@ cc/hour); ethylenic oligomer, 225
g/hour; 771 g/hour in total.  As a deactivatingrgan aqueous ammonia having a
concentration of 10% by weight was supplied at/2®gr. In the deactivating tank, a
pressure of 4 kg/cfiG (0.39 MPa) and a temperature of 4D@vere maintained, and stirring
was carried out at 700 rpm.
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The liquid product after the deactivation treatineas filtered through a filter paper
to separate wax. The resulting filtrate was wagheack with two volumes of ion-exchanged
water, and then dried over anhydrous potassiunocatb. A colorless, transparent liquid
reaction product was obtained as a result, angribduct was analyzed by gas
chromatography to determine the distribution andtpof the ethylenic oligomer as the
objective product. The product distribution wasrfd by calculation through Schultz-Flory
distribution from the analysis result of gas chrtwgeaaphy for C10 and higher, based on the
operational loss.

[0039]
[Distillation Operation 1]

The oligomerization reaction liquid subjectedtte tatalyst deactivation as obtained
above was subjected to distillation separatiorofgvirs.

The oligomerization reaction liquid was introdugetb an Oldershaw distillation
unit (first distillation column 20). During the eation, the pressure at the top was kept at
normal pressure; the temperature at the top wasské§6.2C; and the temperature at the
bottom was kept at 9. A liquid containing as major components C6 kweker
ethylenic oligomers was withdrawn at the top, whilkquid containing as major components
C8 and higher ethylenic oligomers as well as mbth@cyclohexane was obtained at the
bottom.

The bottom liquid from the first distillation catin 20 was introduced into an
Oldershaw distillation unit (fourth distillation womn 23). During the operation, the
pressure at the top was kept at normal presswgdethperature at the top was kept at 80,0
and the temperature at the bottom was kept at 1Z0.9A liquid containing as a major
component cyclohexane was withdrawn at the toplewahliquid containing as major
components C8 and higher ethylenic oligomers wasindd at the bottom.

[0040]

The bottom liquid from the fourth distillation ewhn 23 was introduced into an
Oldershaw distillation unit (fifth distillation comn 24). A liquid containing as a major
component C8 was withdrawn at the top, while aitiquontaining as major components C10
and higher ethylenic oligomers was obtained abtiteom.

The bottom liquid from the fifth distillation caton 24 was introduced into an
Oldershaw distillation unit (sixth distillation aohn 25). A liquid containing as a major
component C10 was withdrawn at the top, while aitigcontaining as major components
C12 and higher ethylenic oligomers was obtaingtdebottom.

The bottom liquid from the sixth distillation colun 25 was introduced into an
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Oldershaw distillation unit (seventh distillatioalemn 26). A liquid containing as a major
component C12 was withdrawn at the top, while aitlqcontaining as major components
C14 and higher ethylenic oligomers was obtaingti@bottom.

The bottom liquid from the seventh distillationwnon 26 was introduced into an
Oldershaw distillation unit (eighth distillationleonn 27).  Aliquid containing as a major
component C14 was withdrawn at the top, while aitigcontaining as major components
C16 and higher ethylenic oligomers was obtaingtdebottom.

[0041]

The bottom liquid from the eighth distillation cohn 27 was introduced into an
Oldershaw distillation unit (ninth distillation aghn 28). A liquid containing as a major
component C16 was withdrawn at the top, while aitlqcontaining as major components
C18 and higher ethylenic oligomers was obtaingti@bottom.

The bottom liquid from the ninth distillation cofun 28 was introduced into an
Oldershaw distillation unit (tenth distillation ewhn 29). A liquid containing as a major
component C18 was withdrawn at the top, while aitiqgcontaining as major components
C20 and higher ethylenic oligomers was obtaingtdebottom.

The bottom liquid from the tenth distillation cola 29 was introduced into an
Oldershaw distillation unit (eleventh distillatienlumn 210). A liquid containing as major
components C20, C22, and C24 was withdrawn afhevthile a liquid containing as major
components C26 and higher ethylenic oligomers (¢ 26xs obtained at the bottom.

From the liquid containing as major components @2 higher ethylenic oligomers
(C26+), the solvent was removed by evaporationptain the C26 and higher ethylenic
oligomers (C26+) in the form of a solid. The re¢isig C26+ showed a measured cloud point
of 120°C or more.

[0042]
[Thin Film Distillation of C26+]

The solution containing C26+ as major componetitgined by the distillation
operation 1, was introduced into a thin film dlatibn apparatus (“Type KDL5”,
manufactured by Pfintech Inc.) equipped with aerin&l condenser at a feed rate of 450
mL/hour. The solution containing C26+ as major poments was applied to the inner
surface of the main body of the distillation appasausing a wiper (rotation speed, 400 rpm),
to allow formation of a thin film. Subsequentlgetthin film formed was heated at 200
using a heater under reduced pressure (1.6 to 108 Torr). The evaporated portion was
cooled by the internal condenser to flow down @idistilled portion receiver. On the other
hand, the distillation residue was allowed to flalwng the inner surface of the main body
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into a residue receiver. The amount of the destifhortion was 111.5 g, and the amount of
the distillation residue was 109.5 g (Table 2). eTstilled portion was recovered, and the
solvent was removed therefrom. The resulting pcodbowed a measured cloud point of
85°C or less. According to GPC measurement, the ahafungh molecular weight
components having a weight average molecular weigh©0,000 or more in the distilled
portion was 500 ppm or less.

[0043]

Examples 2 t0 9

The solution containing C26+ as major componetitgined by the distillation
operation 1, was subjected to thin film distillatiosing a thin film distillation apparatus
(“Type KDL5”, manufactured by Pfintech Inc.) equgzbwith an internal condenser in the
same manner as in Example 1 except that the féedwgper rotation speed, pressure, and
temperature conditions were changed accordingliteTa As a result, the distilled portion
showed a measured cloud point of@%r less in all cases. The amounts of the dstill
portion and the distillation residue were as shawhable 2.

[0044]
Example 10

The preparation of the catalyst, the polymerizatiaction, and the deactivation
treatment of the catalyst were carried out in Bmes manner as in Example 1. The
oligomerization reaction liquid subjected to théatgst deactivation as obtained above was
subjected to distillation separation as follows.

[0045]
[Distillation Operation 2]

The same operation as the distillation operati@ras carried out until obtaining the
bottom liquid from the eleventh distillation colurgaO.

The bottom liquid from the eleventh distillatiooleamn 210 was introduced into an
Oldershaw distillation unit (twelfth distillatiorotumn 211). A liquid containing as major
components C26 and C28 was withdrawn at the topewatiquid containing as major
components C30 and higher ethylenic oligomers ($3@s obtained at the bottom.

From the liquid containing C30+ as major composgtiite solvent was removed by
evaporation, to obtain the C30+ in the form of Bdso The resulting C30+ showed a
measured cloud point of 120 or more.

[Thin Film Distillation of C30+]

The solution containing C30+ as major componestitgined by the distillation

operation 2, was introduced into a thin film dlatibn apparatus (“Type KDL5”,
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manufactured by Pfintech Inc.) equipped with aerin&l condenser at a feed rate of 450
mL/hour. The solution containing C30+ as major poments was applied to the inner
surface of the main body of the distillation appasausing a wiper (rotation speed, 200 rpm),
to allow formation of a thin film. Subsequentlgetthin film formed was heated at 240
using a heater under reduced pressure (4.3 to 408 Torr). The evaporated portion was
cooled by the internal condenser to flow down efdistilled portion receiver. On the other
hand, the distillation residue was allowed to flalwng the inner surface of the main body
into a residue receiver. The amount of the destithortion was 117.1 g, and the amount of
the distillation residue was 107.3 g (Table 3). eThstilled portion was recovered, and the
solvent was removed therefrom. The resulting pcodhowed a measured cloud point of
85°C or less. According to GPC measurement, the ahafungh molecular weight
components having a weight average molecular weifyh©0,000 or more in the distilled
portion was 500 ppm or less.
[0046]
Examples 11 and 12

The solution containing C30+ as major componestitained by the distillation
operation 2, was subjected to thin film distillatiosing a thin film distillation apparatus
(“Type KDL5”, manufactured by Pfintech Inc.) equgzbwith an internal condenser in the
same manner as in Example 10 except that the peessd temperature conditions were
changed according to Table 3. As a result, thidlds portion showed a measured cloud
point of 85C or less in all cases. The amounts of the distiiortion and the distillation
residue were as shown in Table 3.
[0047]

Table 2

Temperature Pressure Distillation | Residue | Distillation | Residue | Recovery

(°C) (Torr) (9) (9) (%) (%) (%)
Example 1 170 | 1.6-1.8x102 1115 | 1095 | 505 49.5 50.5

Example 2 180 2.4-2.8 x10-2 1313 96.8 57.5 42.5 57.5
Example 3 190 1.9-2.0 x10-2 141.2 77.5 64.5 35.5 64.5
Example 4 200 1.8-1.9 x102 154.2 63.7 70.8 29.2 70.8
Example 5 220 2.3-4.2 x10-2 154.3 36.6 80.8 19.2 80.8

Example 6 240 2.8-3.6 x10-2 160.8 25.8 86.2 13.8 86.2
Example 7 260 2.2-2.4 x102 1743 19.3 90.0 10.0 90.0
Example 8 280 3.1-4.0 x10-2 204.2 16.2 92.7 7.3 92.7

Example 9 300 1.5-2.0 x10-2 499.8 20.2 96.1 3.9 96.1
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[0048]
Table 3
Temperature Pressure Distillation | Residue | Distillation | Residue | Recovery
(°C) (Torr) 9 9 (%) (%) (%)
Example 10 240 4.3-4.5 x102 171 107.3 52.2 47.8 52.2

Example 11 260 3.3-3.6 x102 126.0 95.8 56.8 43.2 56.8

Example 12 300 4.6-4.7 x10-2 156.9 95.0 62.3 37.7 62.3

[0049]
Example 13

To 300 mL of toluene, 20.4 g of the C26+ obtaibgdhe distillation operation 1 in
Example 1 was added, and the resulting mixtureheased at 10 to allow complete
dissolution of the C26+. Subsequently, the tentpeeavas decreased slowly (at a cooling
rate of 0.6C/minute) to 40C in an oil bath. The mixture was then kept &Clér 5
minutes, and the resulting precipitate was remdesuction filtration using a membrane
filter (3 um). Toluene in the resulting filtrate was remowsthg an evaporator and by
blowing nitrogen, to obtain 19.7 g of C26+ from waihihigh molecular weight molecules
were removed. The C26+ from which high molecularght molecules were removed had a

cloud point of about 8.

REFERENCE SIGNS LIST
[0050]

1: Reactor

3, 6: Flash tank

7,11, 18: Pump

8: Deactivator

9: Deasher

10: Pot

4, 17: Heat exchanger

19: Dissolving tank

20 to 29, 210, 211: Distillation column
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CLAIMS

1. A method for producing am-olefin oligomer, comprising: subjectiregolefin to
oligomerization reaction to produce arolefin oligomer mixture, carrying out distillation
separation ofi-olefin oligomer having less than n carbon atomthexmixture to obtain a
distillation residue containing-olefin oligomer having n or more carbon atoms, dreh
carrying out a step of removing high molecular v¢ignolecules from the distillation residue.

2. The method for producing anolefin oligomer according to claim 1, wherein the
oligomerization reaction af-olefin is carried out in an organic solvent in firesence of a
Ziegler-based catalyst.

3. The method for producing anolefin oligomer according to claim 1 or 2, wherein
thea-olefin is ethylene.

4, The method for producing @anolefin oligomer according to any one of claims13{
wherein the number of carbon atoms n is 26 or 30.

5. The method for producing @anolefin oligomer according to any one of claimX4{
wherein the high molecular weight molecules haweemght average molecular weight of
100,000 or more.

6. The method for producing @anolefin oligomer according to any one of claims15{
wherein the step of removing high molecular weiglolecules from the distillation residue is
a step of removing high molecular weight molectogshin film distillation of the distillation
residue.

7. The method for producing anolefin oligomer according to claim 6, wherein tie
thin film distillation, the distillation temperateiis from 150 to 32, and the pressure is

from 1.0x 10 to 5.0x 102 Torr.

8. The method for producing anolefin oligomer according to claim 6 or 7, wherein
the thin film distillation is short-path distillan.

9. The method for producing @anolefin oligomer according to any one of claims15{
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wherein the step of removing high molecular weiglolecules from the distillation residue is
a step of dissolving the distillation residue inaganic solvent under heat, cooling the
resulting solution to allow formation of a precgi#, and then removing the precipitate.

10. The method for producing arolefin oligomer according to claim 9, wherein the
temperature under heat is from 70 to ABxthe retention time under heat is from 0.5 to 2
hours; the cooling rate under cooling is from @ BI1C/minute; and the retention time after
cooling is from 0 to 1 hour.



