DESCRI PTI ON PRODUCTI ON METHOD OF ETHYLENE LOW POLYMER Technical Field
(0001] The present invention relates to a production nethod of an ethyl ene
| ow polymer. More particularly, it relates to a production nmethod of an

et hyl ene | ow pol ynmer such as 1-hexene. Background Art [0002]
Conventionally, a production nethod in which an a-olefin |ow polynmer such
as 1-hexene is selectively obtained using an a-olefin such as ethylene as a
raw material and using a chrom um series catalyst is known. For exanple,

Pat ent Docunent 1 reports a prod | hod in which an a-olefin | ow

pol ymer mainly conprising l-hexgﬁéﬁggp3g$ ined in high yield and high

sel ecti v] | ) | C I rising a chrom um
conpound%ﬁ%P?#ﬁ#ggéﬁgﬁgéﬁgﬁﬁF%gﬁggﬁ%%uﬁﬁﬁsﬁé%rggﬂgn am ne, an al kyl al um num
conpound,and_ a hal ~containing conpound (see Patent Docunent 1 and

Pat ent %%%%ﬁ a§)€9§8603] Pat ent Docunent 1: JP-A-08-003216 Patent

Docunent r £9441- A- 10- 109946 Di sclosure of the Invention Problens that the
Inventioh IsSto Solve 1

The present invention relates to a production method
of an ethylene low polymer. More particularly, it relates
to a production method of an ethylene low polymer such as
l-hexene.

Background Art
[0002]

Conventionally, a production methed in which an
a-olefin low polymer such as 1l-hexene is selectively
obtained using an a~olefin such as ethylene as a raw
material and using a chromium series catalyst is known.

For example, Patent Document 1 reports a production
method in which an «-olefin low polymer mainly comprising
l-hexene is obtained in high yield and high selectivity
using a chromium series catalyst comprising a chromium
compound, a nitrogen-containing compound such as an amine,
an alkylaluminum compound and a halogen-containing compound
(see Patent Document 1 and Patent Document 2).

[0003]

Patent Document 1: JP-A-08-003216

Patent Document 2: JP-A-10-109946
Disclosure of the Invention

Problems that the Invention is to Solve



[0004] By the way, in the case of an ethylene | ow polynmer using ethylene as

a raw materi al,

decene, tetradecene and by-produced pol yners such as

pol yet hyl ene are forned as side reaction products. Such side reaction

products are
series catalys
pol ynmers such
with a chromu
di scarded js

separated froma reaction liquid together with a chrom um
t. At that tinme, decene, tetradecene, and by-produced

as pol yet hyl ene separated are generally discarded together
mseries catalyst. However, there is the case that decene
recovered, and is effectlvely utilized as a product such as

a
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condi tion

e-case that deconposition produc ronlum

series Cldlailtdd FAGMCE HaaRtidn liquid together with a chromium

series catalyst. At that time, decene, tetradecene, and

by-produced polymers such as polyethylene separated are

generally discarded together with a chromium series

catalyst.

However, there is the case that decene discarded is

recovered, and is effectively utilized as a product such as

a fuel or a solvent, or by recycling as a solvent.

[0005]

Thus, to effectively utilize decene, the kind and/or
amount of impurities contained in decene recovered give
rise to the problem.

In particular, in a production method of obtaining an
a-olefin low polymer using a chromium series catalyst, a
nitrogen compound and a halogen compound are used as
constituents of the chromium series catalyst. Therefore,
there is the great possibility that those compounds
introduce into decene recovered. Furthermore, where
concentration separation operation is conducted under high
temperature condition, there is the case that decomposition

products of the chromium series catalyst introduce into



decene recovered. [0006] The present invention has been nmade to sol ve the
techni cal problemin such a production nethod of an ethylene | ow pol yner.
Accordi ngly, an object of the present invention is to provide a nethod of
recovering decene under the condition that it is difficult to form
deconposition products of a chromumseries catalyst froma residual
solution from which an unreacted ethyl ene, 1-hexene and a sol vent have
been separated, in a production nmet hod of an ethylene |ow polyner using a
chrom umgeld.£s (fégéuéggd Means for Solving the Problenms [0007] As a result
of extensive an ntensi ve investigation to solve the above problems, the
present i ors have reached to achieve the present invention. That is,
the gist of the present invention resides in the following (1) to (5). (1)

A production mynandpebsalte! INveNeiéR\WHIY YBBen URadd X SNELTveM £REI €S
catal yst, characterlzed in that: ethylene is subjected to | ow

pol ymer i 2adHiiddl a gxdBiedi | ih t NudH esengerddudtitor hiethibd Ses£ esasat al yst ,
an ethylene | ow polymer is separated froma reaction |iquid containing the
et hyl ene dthwlkile/ MRSw o Bhied N a sol ution containing decene and

tetradecene, and 3

Accordingly, an object of the present invention is to
provide a method of recovering decene under the condition
that it is difficult to form decomposition products of a
chromium series catalyst from a residual solution from
which an unreacted ethylene, l-hexene and a solvent have
been separated, in a production method of an ethylene low
polymer using a chromium series catalyst.

Means for Seclving the Problems
[0007]

As a result of extensive and intensive investigation
to solve the above problems, the present inventors have
reached to achieve the present invention. That is, the
gist of the present invention resides in the following (1)
to (5).

(1) A production method of an ethylene low polymer
using a chromium series catalyst, characterized in that:

ethylene is subjected to low polymerization in a
solvent in the presence of the chromium series catalyst,

an ethylene low polymer is separated from a reaction
liquid containing the ethylene low polymer to obtain a

solution containing decene and tetradecene, and



decene is separated and recovered fromthe sol ution

tetradecene by an evaporative separator under the condition of the
fol | owm ng general expression (1): [0008] [Exp. 1] 0/1.2EXP(800/T)S1 (1)

(0009] (wherein T is tenperature (C) of a residual solution, and O is

cont ai ni ng decene and

residence tine (mn.) of a residual solution in an evaporative separator.)

(2) The production nethod of an ethyl ene | ow pol yner
characterized in that the anount of a halogen contained in the decene

separat ed fromyeRanetVAPOLabh¥8ta8PANY FadSvdiRsd TBLSh! it 9 Puiord 0% Or

less to

The prod it nisig)

conbi nat i

conpound,
expbesHimmpr@duct i on nethod of an ethylene | ow pol yner described in

conpound

t he amount of a a#ogen contained in the residual solution.

described in (1),

(3)

0dd@éerd Chhdl et HMLEndTe bydeasl | heghpsradiver (2),

characterized in that the chrom um series catalyst is constituted of a

sdpaatiir | ander (Bhed SMQIEiIGh CHIPORRE £H118wdhyr Og@meANt ai ni ng
(c) an al um num cont ai ni ng conpound and (d) a hal ogen- contai ni ng

any one of (1) to (3), characterized in that the evaporative separator is a
thin fil ncowRjorator. 4

(Exp. 1]

0/1.2EXP(800/T)<1 (1)
[{0009])
(wherein T is temperature (°C} of a residual solution, and
0 is residence time (min.) of a residual solution in an
aevaporative separator.)

(2) The production method of an ethylene low polymer
described in (1), characterized in that the amount of a
halogen contained in the decene separated from the
evaporative separator is decomposition rate of 10% or less
to the amount of a halogen contained in the residual
solution.

(3) The production method of an ethylene low polymer
described in (1) or (2), characterized in that the chromium

series catalyst is constituted of a combination of at least

(a) a chromium compound, (b) a nitrogen-containing compound,

(c) an aluminum-containing compound and (d) a halogen-
containing compound.

(4) The production method of an ethylene low polymer
described in any one of (1) to (3), characterized in that

the evaporative separator is a thin film evaporator.



(5) The production nethod of an ethylene | ow pol yner described in any one
of (1) to (4), characterized in that the ethylene |ow polyner is 1-hexene.

[ 0010] Thus, according to the present invention, there is provided a
production nmethod of an ethylene | ow polynmer wusing a chrom um series

catal yst, characterized in that ethylene is subjected to | ow polynerization
in a solvent in the presence of the chromum series catal yst, an ethyl ene

| ow polymer is separated froma reaction liquid containing the ethylene | ow
polymer to obtain a solution containing decene and tetradecene, and decene

s separated ang) I fEQVELEaLEOBh NS LABLULEOL UMY TNAD 154 °P31 Al

tetradecene by an evaporative separator under the condition

fol | ow NgyQene1sdd eXR 88 Vhel BE g)Pé:}.L (@5XP-crarddte 228 809/ That (1)

[0012] (wherein T is tenperature ( a residual solution, and O is

resi dencepfid NBchyidne Dbw posBphébals SPLRbk&Rei N an evaporative separator.)
[0013] In the production nethod of an ethylene | ow polymer to which the

present ipoerdjon is applied, the anount of a halogen contained in the
decene separated fromthe 5

Thus, according to the present invention, there is
provided a production method of an ethylene low polymerx
using a chromium series catalyst, characterized in that
ethylene is subjected to low polymerization in a solvent in
the presence of the chromium series catalyst, an ethylene
low polymer is separated from a reaction liquid containing
the ethylene low polymer to obtain a solution containing
decene and tetradecene, and decene is separated and
recovered from the solution containing decene and
tetradecene by an evaporative separator under the condition
of the following general expression (1):

[0011]
[Exp. 2]
0/1.2EXP(800/T)<1 (1)
[0012]
(wherein T is temperature (°C) of a residual solution, and
0 is residence time (min.) of a residual solution in an
evaporative separator.)
[0013]

In the production method of an ethylene low polymer

to which the present invention is applied, the amount of a

halogen contained in the decene separated from the



evaporative separator is preferably run-down rate of 10%or less to the
anount of a hal ogen contained in the residual solution. In the production
nmet hod of an ethylene | ow polynmer to which the present invention is
applied, the chromum series catalyst is preferably constituted of a
conbination of at |least (a) a chrom um conpound, (b) a nitrogen- containing
conpound, (c) an alum num cont ai ni ng conpound and (d) a hal ogen-cont ai ni ng
conmpound. Furthernore, the ethylene | ow polyner is preferably 1- hexene.

Ad t f th t 0014 to t t
de\égzeaﬁgﬁpﬁ?d’ 3 n‘%%‘#%% Fents ]cﬁr% %[eag%ir:‘g %‘Q?T‘ggw‘g;%%u%t of i/? eI gﬂrom um
series c tal% #_chﬂe r%%%verfed f eﬁegl ﬁ;ﬂghn gl Lirnl Qe %g%q*@éfh an
unr eact e ené exene and a s ent ave een separat e called a

hi gh boilg hi gh boiling by-product liquid). Brief Description of the
Dr awi ngs ‘{dg%éi TFig. 1] Fig. 1 is a viewexplaining a production flow
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separati of, Ofhachi HhdobreseRY ahFUAPASAL H%e afblied, the chromium
series catalyst is preferably constituted of a combination
of at least (a) a chromium compound, (b) a nitrogen-
containing compound, {(¢) an aluminum-containing compound
and (d) a halogen-containing compound.

Furthermore, the ethylene low polymer is preferably
l1-hexene.

Advantage of the Invention
[0014]

According to the present invention, decene having a
reduced content of a decomposition product of the chromium
series catalyst can be recovered from a residual solution
from which an unreacted ethylene, l-hexene and a solvent
have been separated (called a high boiler or a high boiling
by-product liquid).

Brief Description of the Drawings

[0015]

[Fig. 1] Fig. 1 is a view explaining a production flow
example of an ethylene low polymer in the embodiment of the
invention.

[Fig. 2] Fig. 2 is a view explaining a flow example of

evaporative separation of a high boiler by an evaporative



separator. |[Fig. 3] Fig. 3 is a view explaining a range of the general
expression (1) which conducts an evaporative separation operation in the
enbodi ment of the invention. Description of Reference Nunerals and Signs

[0016] 10 ... Reactor |Oa ... Stirring machine 11, 22, 32, 41, 42, 51, 80a

Piping Ila ... Deactivator supply piping 12 ... First supply piping 12a
... Ethylene supply piping 13 ... Second supply piping 13a ... Catalyst
supply piping 14 ... Third supply piping 15 ... Fourth supply piping 21,
31 ... Crculation piping 16, 81 ... Condenser 17 ... Conpressor 20 ...
Degassi ndHEEHE ST . .. Et hyl ene separation colum 40 ... High boiling
separati coI H| h hoile d xene separat col um
52 ... S Lagnrcul ad on pl%l' n§ %béw %g a\%‘é‘rﬁn%rum ngse 3 LQ‘Q

general expression (1) which conducts an evaporative
separation operation in the embodiment of the invention.

Description of Reference Numerals and Signs

[0016]
10 ... Reactor
10a ... Stirring machine
11, 22, 32, 41, 42, 51, 80a ... Piping
1la ... Deactivator supply piping
12 ... First supply piping
12a ... Ethylene supply piping
13 ... Second supply piping
13a ... Catalyst supply piping
14 ... Third supply piping
15 ... PFourth supply piping
21, 31 ... Circulation piping
16, 81 ... Condenser
17 ... Compressor
20 ... Degassing tank
30 ... Ethylene separation column
40 ... High boiling separation column
42¢ ... High boiler feed
50 ... Hexene separation column
52 ... Solvent circulation piping

60 ... Solvent drum



70 ... Evaporative separator 80 ... Liquid storage tank 80c ... Gear punp
A ... BottomB ... Distillate C... Industrial waste Best Mdde for Carrying
Qut the Invention (0017] The best node for carrying out the invention
(hereinafter, the enbodi ment of the invention) is described in detail

bel ow. The invention is not limted to the follow ng enbodi nent, and can be
carried out with various nodifications within a scope of its gist.
Furthernore, the draw ngs used are to expl ain the present enbodi nent, and
do not show the actual size. [0018 E}gt | ene) In the production nethod
of an ethyl ene —4%w poliﬁl‘Fﬁ?‘”f%t’vaﬁ R odi nent of the invention is

appl i ed, when hyI e sed as a raw material, inpurity conponents

ot her than et hy n&?" o?ﬁ%ﬁ?‘%?:l’f he raw material. Specific inpurity
conponent s i ncl e rrett% et hane, acetyl ene and carbon di oxi de. Those
conponents are efera anount of 0.1 nol% or | ess based on

et hyl ene of thehraw r@é@tmgl [0019] 8

B ... Distillate

C ... Industrial waste
Best Mode for Carrying Out the Invention
(0017}

The best mode for carrying out the invention
(hereinafter, the embodiment of the invention) is described
in detail below. The invention is not limited to the
following embodiment, and can be carried out with various
modifications within a scope of its gist. Furthermore, the
drawings used are to explain the present embodiment, and do
not show the actual size.

[0018]
(Ethylene)

In the production method of an ethylene low polymer
to which the embodiment of the invention is applied, when
ethylene is used as a raw material, impurity components
other than ethylene may be contained in the raw material.
Specific impurity components include methane, ethane,
acetylene and carbon dioxide. Those components are
preferably in an amount of 0.1 mol% or less based on
ethylene of the raw material.

[0019]



(Chrom um series catalyst) The chrom um series catalyst is descried bel ow.
The chromum series catalyst used in the enbodi nent of the invention

i ncludes a catalyst constituted of a conmbination of at |east a chrom um
conpound (a), at |east one nitrogen- containing conpound (b) selected from
the group consisting of an amne, an am de and an imde, and an al um num
cont ai ni ng conpound (c). The chrom um series catal yst used in the enbodi nent
of the invention may contain a hal ogen-contai ning conpound (d) as the
fourth copponent according to esel_ﬂ. Each conponent is described bel ow
[0020) ( W%Hﬁc%?@bﬁf?ﬁ??y L chromi um conpound (a) used in the

enbodi nent of he ipavention_includes, at | east one co d,represented by
T By Aok pef st Shepay =5 o, 45s SRR BELGHT S 3

t he general for era epréesents an opti onal
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of from17U0 G, 'S prerera 2 0r nore. nnits or nore, may be
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group having om 1 carbon at onyl group, an alkoxy group,

a carhoxide 00 UPeadt N KEORIGE oiBliing A (af 7~ 4E! 2625L0Ke AiRYBgeR-
-ketoester group and an am do group.
containing compound (b) selected from the group consisting
of an amine, an amide and an imide, and an aluminum-
containing compound {(c).

The chromium series catalyst used in the embodiment
of the invention may contain a halogen-containing compound
(d) as the fourth component according to need. Each
component is described below.

[0020]
(Chromium compound (a))

The chromium compound (a) used in the embodiment of
the invention includes at least one compound represented by
the general formula CrX,. In the general formula, X
represents an opticnal organic group or inorganic group, or
a negative atom, and n is an integer of from 1 to 6, and is
preferably 2 or more. When n is 2 or more, X may be the
same or different.

Examples of the organic group include a hydrocarbon
group having from 1 to 30 carbon atoms, a carbonyl group,
an alkoxy group, a carboxyl group, a fj-diketonate group, a
B-ketocarboxyl group, a [p-ketocester group and an amido

group.



Exanpl es of the inorganic group include chromum salt-form ng groups such
as a nitric acid group or a sulfuric acid group. Exanples of the negative
atominclude oxygen and a hal ogen. A hal ogen-contai ni ng chrom um conpound
is not included in the hal ogen-containing conpound (d) described

herei nafter. [0021] The nunber of valency of chromum (Cr) is O to 6. The
preferred chrom um conpound (a) includes a carboxylate of chromum (Cr)
Speci fic exanples of the carboxylate of chrom uminclude chrom um (I1)

acetate, chrom m%"‘n% % et&e mj(cqt}:]rﬁ%ngrg;nngl Iro)u n- oct anoe ch%anli)m um

(1rr)-2- ethylh romu FaeE, ShiSiv uf

napht hena;gfb(%%EJFgé‘?N ung‘(%ﬂ I )as 2- etgykpgéanﬁﬁgﬂ%owr tc;rculaarl y

preferred n- cont'ai ni ng conpoun

ni trogen- QQf @ff&”QcEQ g (bﬁx ﬁeé” ?the g4t %0t a@bm! BRAYENT I ON

|ncludes east one cted rom-t group consi sting of an

ani ne, gg%gﬁ ahd ag 'Hhi%geﬁxa”p|ﬁs ﬁLlBBSnaEbH%ahﬂihgdecﬂrthGﬁry

am ne conp a secondary am ne conpound and a m xture those. Exanpl es
of the aniggpbiirliufls Ao¥eiaklafkdeinCeAROHAT gRNLBH thidThg RomPBukdam ne

conpound or ‘a secondary am de compound, a m xture of thosé, and an acid
am de conp@yndesSPELedl RepiaAREEE0f the imde include 10
[0021]

The number of valency of chromium (Cr) is 0 to 6.
The preferred chromium compound {(a) includes a carboxylate
of chromium (Cr). Specific examples of the carboxylate of
chromium include chromium (II) acetate, chromium (III)
acetate, chromium (III) -n-octanoate, chromium (III)-2~
ethylhexanocate, chromium (III) benzocate and chromium (III)
naphthenate. O©Of those, chromium (III)-2-ethylhexancate is
particularly preferred.

[0022]
(Nitrogen-containing compound (b))

The nitrogen-containing compound (b) used in the
embodiment of the invention includes at least one compound
selected from the group consisting of an amine, an amide
and an imide. Examples of the amine include a primary
amine compound, a sacondary amine compound and a mixture of
those. Examples of the amide include a metal amide
compound derived from a primary amine compound or a
secondary amide compound, a mixture of those, and an acid

amide compound. Specific examples of the imide include

10



1, 2- cycl ohexanedi car boxyi mi de, succini m de, phthalimde, naleimde and
those netal salts. [0023] The preferred nitrogen-containing conpound (b)
used in the enbodiment of the invention includes a secondary am ne
conpound. Exanpl es of the secondary am ne conpound include pyrroles such as
pyrrole, 2,4-dinmethylpyrrole, 2,5-dinethylpyrrole, 2-nethyl-5-ethylpyrrole,
2,5-dimethyl - 3-ethylpyrrole, 3,4-dinethylpyrrole, 3,4-dichloropyrrole,
2,3,4,5- tetrachloropyrrole and 2-acetyl pyrrole, and their derivatives.

Exanpl e f t he rivat I de t al rr.ol.i de, der [ves. .Specific
exampl o3 bf tmcﬂ&%an% PAFPORY T B0 | ARATHRARREY, o1 FOEBPIAR Ry
pyrrolld eth %alu n1d|Q¥ % glde alum numtripyrrolide, sodium
pyrrollde % T s%? pyrrollde

dlethylal ?%y(Z 5 dlnethylpyrrollde) et hyl al um num
bi s(2, 5-drne pyrrollde) alum numtris(2,5-di nethyl- pyrrolide),

(2. 5o a1 met hyl pylib) PESESEeER) inddddhdfitcomtai iRy IECApbURd 16 a0t asst um
cli et ) &1 41 RUE Zeciodl 4 BY I £ALT dRledi I CLRELRlas( T SeckfiBaglum nuMm

pyrrolides are not 1nc din t e al un1nun}conta|n|ng compoun

Fur t her nogg; nd heoRabagan- cqﬁgﬂﬂ]égygw égygayyngﬁa S «Bbotifal uded in
t he halogehl%ontglglng conmpound (d).) [0024] 11 néSe bo

include pyrroles such as pyrrole, 2,4-dimethylpyrrole,
2,5-dimethylpyrrole, 2-methyl-5-ethylpyrrole, 2,5-dimethyl-
3-ethylpyrrole, 3,4-dimethylpyrrole, 3,4-dichloropyrrole,
2,3,4,5-tetrachloropyrrole and 2-acetylpyrrole, and their
derivatives. Examples of the derivative include metal
pyrrolide derivatives. Specific examples of the metal
pyrrolide derivative include diethylaluminum pyrrolide,
ethylaluminum dipyrrolide, aluminum tripyrrolide, sodium
pyrrolide, lithium pyrrolide, potassium pyrrolide,
diethylaluminum{(2,5-dimethylpyrrolide), ethylaluminum
bis(2,5~-dimethylpyrrolide), aluminum tris(2,5-dimethyl-
pyrrolide) , sodium(2,5-dimethylpyrrolide), lithium(2,65-
dimethylpyrrolide) and potassium(2,5-dimethylpyrrolide).
Of those, 2,5-dimethylpyrrole and diethylaluminum(2,65-
dimethylpyrrolide) are preferred. (Here, the aluminum
pyrrolides are not included in the aluminum-containing
compound (c). Furthermore, the halogen-containing pyrrole
compound (b) is not included in the halogen-containing
compound (d) .)

[0024]

11



(Al'um num cont ai ni ng conpound (c)) The al um num cont ai ni ng conmpound (c) used

in the enbodinent of the invention includes at | east one conpound such as

a trial kyl al um num conpound, an al koxyal kyl al um num conpound and a

hydr ogenat ed al kyl al um num conmpound. Specific exanpl es thereof include

trinmethylalumnum triethylalum num triisobutylalum num diethylalum num

et hoxi de and di et hyl al um num hydride. O those, triethylalumnumis

particularly preferred [ 0025) (Hal ogen-containing conmpound (d)) The

chrom um | es_cat al used in the odiment of the invention contains
3! getah)

t
t he hal og %%h?%?n?ﬂ ﬁbﬂbﬁﬁnﬁ°m?8?n ourth conponent according to

need. Exanpl es hal ogen-c tarnln C d |ncI e at ,heast one
conmpound of a h ogen %’Cf’“‘?-l(y?n?uﬁuﬁ% cgcoo :)%)n ((ﬁ(p nelasre ohy(ll}rocarbon

Wi th 2 or fioL§ ﬁﬂgattﬂ@s i e%hﬂo_gg @t 88 %Qﬂng?gg)ﬁc' I c

hal ohydr ocar on W Tor e car on avin or en atons.

(The hal gggpat ed, aLgygfkgﬂéﬂ#ﬂ}?ﬁHPQHﬁﬁchﬁdnOLn ikUQ?&%&S ?Hlncpugé

al um num cont al ni ng conpo Spectfic éxanp

di et hyl al y aaéam&h' Udle. st Iy at bRk 5 UMM i ifm C2cRABound.

tetrachl or 1-trichlo ahe 1,1, 2, 2-tetrachl or oet hane,

pe ntachl Oégéé et &5 O- SHNHYF Linelvdd Ch't?&ﬂ@!ﬁﬁ[y@.ﬁﬂ.%@.ﬂ%m
,2,3,4,5 hexachlorocyclohexane and 1, 4-bis(trichloronethyl)- ,5,6- 12

triethylaluminum, triisobutylaluminum, dlethylalumlnum
ethoxide and diethylaluminum  hydride. of those,
triethylaluminum is particularly preferred.

[0025]

(Halogen-containing compound (d))

The chromium series catalyst used in the embediment
of the invention contains the halogen-containing compound
{d) as a fourth component according to need. Examples of
the halogen-containing compound (d) include at least one
compound of a halogenated alkylaluminum compound, a linear
halohydrocarbon with 2 or more carbon atoms having 3 or
more halogen atoms and a cyclic halohydrocarbon with 3 or
more carbon atoms having 3 or more halogen atoms. {The
halogenated alkylaluminum compound is not included in the
aluminum-containing compound (c)). Specific examples
thereof include diethylaluminum chloride, ethylaluminum
segsquichloride, carbon tetrachloride, 1,1,1-trichloroethane,
1,1,2,2~-tetrachloroethane, pentachlorocethane, hexachloro-
ethane, 1,2,3-trichlorocyclopropane, 1,2,3,4,5,6-

hexachlorocyclohexane and 1,4-bis(trichloromethyl)-2,3,5,6~

12



tetrachl orobenzene. [0026] In the enbodi nent of the invention, the
pol yneri zation of an ethylene is preferably that the ethylene and t

chrom um
conpound

series catalyst are contacted in an enbodi nent that the ch
(a) and the alum num containing conpound (c) are not previ

contacted, or the previous contact thereof is short. Such a contact
enbodi nent nakes it possible to selectively conduct trinerization r
of ethylene, thereby obtaining 1-hexene fromethylene as a raw mate
hi gh yieldﬁﬁ%ggﬁ%% The contact enbodi ment in the above conti nuous

system i nc¥

I nt roduci
cat al yst

AR RFFRPng (1) to (9). (1) A method of sinultaneo

xture of the catalyst conmponents (a), (b) and (d) a
@%ﬁ%%ﬂgnt (c) into a reactor, respectively. (2) A nethod of

i mul t ly 4nt [ d ft L .
and the catalytt combonaaditdl O o O P A REABRIEY A 5 v

of sinult
(b) and

H’zi?ic%xgg“& NOa ”ééﬁgiéne of 3§ h&fﬁ%ﬁgycpﬂﬂgﬂe%ﬁe

mXture o cat al yst conponents a

| ow

he

ronm um
ously

eaction
rial in
reaction
usly

nd the

to (d)
met hod
(a) and

Into a reactor,

respecti velyy144d AndetHad chlroiilh! RAIEULS | da Ay AUL D 9csn FhELEECinl3

an embodiment that the chromium compound (a) and the
aluminum-containing compound (c) are not previously
contacted, or the previous contact thereof is short. Such
a contact embodiment makes it possible to selectively
conduct trimerization reaction of ethylene, thereby
obtaining l-hexene from ethylene as a raw material in high
yield.

[0027]

The contact embodiment in the above continuocus
reaction system includes the following (1) to (9).

(1) A method of simultaneously introducing a mixture
of the catalyst components (a), (b) and (d) and the
catalyst component (c) into a reactor, respectively.

{2) A method of simultaneously introducing a mixture
of the catalyst components (b) to (d) and the catalyst
component (a) into a reactor, respectively.

(3) A method of simultaneously introducing a mixture
of the catalyst components (a) and (b) and a mixture of the
catalyst components {c) and {d) into a reactor,
respactively.

(4) A method of simultaneously introducing a mixture

13



of the catal yst conponents (a) and (d) and a mi xture of the

cat al yst

conponents (b) and (c) into a reactor, respectively. (5) A nmethod of
si mul taneously introducing a m xture of the catal yst conponents (a) and

(b), the catalyst conponent (c) and the catal yst conponent

(d) into a

reactor, respectively. (6) A method of sinultaneously introducing a m xture
of the catal yst conponents (c) and (d), the catalyst conponent (a) and the
catal yst conmponent (b) into a reactor, respectively. (7) A nethod of

() the el T tEErEh o (igH e ol AdT (AT o8 SERBREEOLE, LAb 21
react or, Jﬁy%fﬁl V%&fnéarén?n(t% me';sg?d o;nélhremtct_)aneq_qﬁg&/ i gt rogyclpg.a mxture

of the cat compon a

(c),

at al yst  conponent af’and t he

catalyst,gggygpgp& into a reactor, respectively. (9) A nethod of
si mul t aneousl y andﬁ#ﬂéependently i ntroducing each of the catalyst
components (a) {5—3 (ﬂ_)meIﬂSdaBQV%ﬂ%i‘E%hQ%sqaﬁﬁ&@é&i&ﬁn&%ﬂﬁ?ﬁrés

general ly dissolved in a solvent used in the“reaction, and

supplied to a

reactor. ¢£03§le Thatathadi Rppdrtdits NqaGhr aRldumBPPOLRd (8atalgstl4

component (c) and the catalyst component (d) into a reactor,

respectively.

(6) A method of simultaneously introducing a mixture

of the catalyst components (c) and (d), the

catalyst

component (a) and the catalyst component (b) into a reactor,

respectively.

(7) A method of simultaneously introducing a mixture

of the catalyst components (a) and (d), the

catalyst

component (b) and the catalyst component (c) into a reactor,

respectively.

(8) A method of simultaneously introducing a mixture

of the catalyst components (b) and (¢), the

catalyst

component (a) and the catalyst component (d) into a reactor,

respectively.

(9) A method of simultaneously and independently

introducing each of the catalyst components {a) to

(d) .

The above-described each catalyst component is

generally dissolved in a solvent used in the reaction, and

supplied to a reactor.
[0028]

The ‘“embodiment that the chromium compound

14
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t he al um num cont ai ni ng conpound (c) are not previously contacted” is not
limted to the initiation time of the reaction, and neans that such an
enbodi ment is naintained even in the supply of the subsequent additional
et hylene and catal yst conponent into the reactor. Furthernore, in a batch
reaction type, it is desired that the sanme enbodinent is utilized. [0029]
The ratio of each constituent in the chrom um series catalyst used in the
enbodi nent of the invention is generally that the nitrogen- containing

compound élﬁée éﬂl%%-jcotzﬁﬁ ( ) éomEQQnﬁ a“l?{ ahl e LY L8v§9ug9 per

nmole of t Shrom um corrpoun um num cont ni ng ound

(c) is fr@anéaé&&oolgo e 30650081 Alabbye! A i idh 180nl0IEE, vhgr mol e

of the chrom um conpoun ernore, the ogen-cont al ni ng conpound (d)

is from lredOe0bh LR maRGsPHE{A abhdh f ARMehbloidan®! £5. mREHLIPh8q0f the
chrom um conpound’ (a). [0030] In the enbodiment of the invention, the anount

of the cd¢&n 4 Y9d €su ?ﬁig' ¥ thedstBs8gheR®r tdd‘dit?s[dﬁhi ' g\;ﬁ?gjenebut i's
generally from 1. 0x10-1 5 nole, preferably from 5.0x10-7 to 0.2 nole,

and furt hekd ELELTPdt Yoddipbndn XS thd Fodbteple, in terrrs of chrom um
atom of the chrom um conpound (a) per 1 liter of the solvent described
hereinafter. 1%urthermore, in a batch reaction type, it is desired
that the same embodiment is utilized.
[0029]

The ratio of each constituent in the chromium series
catalyst wused in the embodiment of the invention is
generally that the nitrogen-containing compound (b) is from
1 to 50 moles, and preferably from 1 to 30 moies, per mole
of the chromium compound (a), and the aluminum-containing
compound (c¢) is from 1 to 200 moles, and preferably from 10
to 150 moles, per mole of the chromium compound.
Furthermore, the halogen-containing compound (d) is from 1
to 50 moles, and preferably from 1 to 30 moles, per mole of
the chromium compound (a).

[0030]

In the embodiment of the invention, the amount of the
chromium series catalyst used is not particularly limited,
but is generally from 1.0x10™’ to 0.5 mole, preferably from
5.0x107 to 0.2 mole, and further preferably from 1.0x10°
to 0.05 mole, in terms of chromium atom of the chromium
compound (a) per 1 liter of the solvent described

hereinafter.
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By using such a chrom um series catal yst, hexene which is a trimer of

et hyl ene can be obtained in selectivity of 90%or nore. In this case, the
proportion of 1-hexene occupied in hexene can be 99% or nore. [0031]
(Solvent) In the production nethod of an ethylene | ow polymer to which the
enbodi nent of the invention is applied, the |ow polynerization reaction of
an et hylene can be conducted in a solvent. Such a solvent is not
particularly Iimted. However, for exanple, chain saturated hydrocarbons or

alicyclic sat yat gdihydr gaapboRs, o iith f s@Pikd 0c2Ra896R0N ALRARe SUCH

as but ane, pentane, 3-rtet hyl pentane, hexane, heptane, 2-nethyl hexane,

octane, Gifidnexgge, aneldpihfeic! eXagenylend. 4chhl MY | H98Y Alg angn decal i n;
and aromatic hydrocarbons such as benzene, toluene, xylene, ethylbenzene,

nesi tyl enfadkiwitgl b8 808 WCdnofd!l t NE\ MBhes ¥aske hyiedeprbp¥rPOLNNEr NMRY
be used as a solvent. Those can be used alone or as a m xed solvent. In

particul af 1-eexumd edd@shbEad VENthdfendaddn Bat 99Nt &F Mydeocar bons or
alicyclic saturated hydrocarbons, having from4 to 10 carbon atons. Wen

t hose solpHBIS] are used, by-produced pol ynmers such as a pol yet hyl ene can be
suppressed. Furthernore, when the alicyclic saturated hydrocarbons are
used, hig{salaterity)st activity tends to be 16

In the production method of an ethylene low polymer
to which the embodiment of the invention is applied, the
low polymerization reaction of an ethylene can be conducted
in a solvent.

Such a solvent is not particularly limited. However,
for example, chain saturated hydrocarbons or alicyclic
saturated hydrocarbons, having from 1 to 20 carbon atoms,
such as butane, pentane, 3-methylpentane, hexane, heptane,
2-methylhexane, octane, cyclochexane, methylcyclohexane,
2,2,4-trimethylpentane and decalin; and aromatic
hydrocarbons such as benzene, toluene, xylene, ethylbenzene,
mesitylene and tetralin are used. Furthermore, an ethylene
low polymer may be used as a solvent. Those can be used
alone or as a mixed solvent.

In particular, the preferred solvent is chain
saturated hydrocarbons or alicyclic saturated hydrocarbons,
having from 4 to 10 carbon atoms. When those solvents are
used, by-produced polymers such as a polyethylene can be

suppressed. Furthermore, when the alicyclic saturated

hydrocarbons are used, high catalyst activity tends to be

16



obtai ned. [0032] (Production nethod of ethylene | ow polymer) The ethyl ene
| ow pol ynmer in the present invention neans a polyner conprising a plurality
of ethylene as a nononer being bonded. Specifically, it nmeans a pol yner
conprising 2 to 10 of ethylene as a nononmer being bonded. The production
met hod of an ethylene | ow polyner is described by referring to an exanple
of the production of 1-hexene which is a trinmer of ethylene as an ethyl ene
low polyner. Fig. 1 is a view explaining a production flow exanple of an
ethylem3$§¥%fﬁg%her in the enbodi nrent of the invention. The production

fl ow exanpl € °0f 1-hexene using ethylene as a raw material shown in Fig. 1
shows a tely mxing and stirring type reactor 10 in which ethylene
i s subjecte o |l ow polynerization in the presence of a chrom um series

cat al yst, ' t a eacted et hylene gas from
L2} PSRl ok X Jek) SRP2L el yione g

a reactio romthe react an et hyl ene separation

col umn 30 that et dehg18hay! 206 igblvhied 26! Gl idalneni §hgEaMAhT OM the

degassing tank 20, a high boiling™ séparation urm 40 that separates a
sol uti on oAl Bi b1 ”@omb§E§§Q§C®e?§HQaQ¥E@[ Qﬂ‘;ucédhgﬂaﬁgera% a

(hereinafter this solution is referred to as (high boiler)) from the
reaction hésbthéh WolldgaVBohded) t hespddit 2ol Hppaidl ifdand 7 a polymer
comprising 2 to 10 of ethylene as a monomer being bonded.
The production method of an ethylene 1low polymer is
described by referring to an example of the production of
l-hexene which is a trimer of ethylene as an ethylene low
polymer.

Fig. 1 is a view explaining a production flow example
of an ethylene 1low peolymer in the embodiment of the
invention. The production flow example of l-hexene using
ethylene as a raw material shown in Fig. 1 shows a
completely mixing and stirring type reactor 10 in which
ethylene is subjected to low polymerization in the presence
of a chromium series catalyst, a degassing tank 20 that
separates an unreacted ethylene gas from a reaction liquid
withdrawn from the reactor 10, an ethylene separation
column 30 that distills ethylene in the reaction liquid
withdrawn from the degassing tank 20, a high boiling
separation column 40 that separates a solution containing
decene, tetradecene and by-produced polymers (hereinafter

this solution is referred to as “HB” (high boiler)) from

the reaction liquid withdrawn from the ethylene separation

17



colum 30, and a hexene separation colum 50 that distills

the reaction

liquid withdrawmn fromthe top of the high boiling separation colum 40 to
away 1-hexene. [0033] Furthernore, a conpressor 17 that circul ates

distill

an unreacted ethyl ene separated in the degassing tank 20 and

16 into
boil er i

pol yner i
of cat al
conventi
and t he

conbi nation wt

t he condenser

the reactor 10 via a circulation piping 21 is provided. The high
n the enbodi nent of the invention contains |arge anounts of decene,
tetradecene and by- produced pol ynmer that are by-products of |ow

2L, 30, phA" o, b Ml 50 ThRRR gk ST

L LS SIRECU LA ek LREC A, 180 e plgn ] ocke
such as pagld] & péé’éﬂ%gﬁfonp&?ﬁ&%eie f:HrBiEin’i LSy hFﬁegénBS.ed In

e such as a planar plate, acylin

er or a hairpin

coil. [0O 3% shown in Fig. 1, ethylene is continuously supplied to the
10 froman ethyl ene supply piping 12a via a conpressor 17 and the

first supply pipifthdimoder at NEompPaREEES01717that f 8ireuadRks an
t wo- st age conpression 18

react or

unreacted ethylene separated in the degassing tank 20 and
the condenser 16 into the reactor 10 wvia a circulation
piping 21 is provided.

The high boiler in the embodiment of the invention
contains large amounts of decene, tetradecene and by-
produced polymer thét are by-products of low polymerization
reaction of ethylene, and further contains a slight amount
of catalyst components.

[0034]

In Fig. 1, the reactor 10 includes the conventional
reactors equipped with a stirring machine 10a, baffle,
jacket and the like. As the stirring machine 10a, a
stirring blade of the type such as paddle, pfaudler,
propeller, turbine or the like is used in combination with
a baffle such as a planar plate, a cylinder or a hairpin
coil.

[0035]

As shown in Fig. 1, ethylene is continuously supplied
to the reactor 10 from an ethylene supply piping 12a via a
compressor 17 and the first supply piping 12. Where the

compressor 17 is, for example, a two-stage compression
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system a circulation piping 31 is connected to the first stage, and a
circulation piping 21 is connected to the second stage, thereby making it
possi ble to reduce electric bill. On the other hand, the chrom um conpound
(a) and the nitrogen-containing conmpound (b) are supplied fromthe second
supply piping 13 via a catalyst supply piping 13a, the al um num contai ni ng
conpound (c) is supplied fromthe third supply piping 14, and the

hal ogen- cont ai ni ng conpound (d) is supplied fromthe fourth supply pi pi ng

15. Furth L hyl
s supSf.tseﬁg*?%ﬂfhaaé%sviﬁ‘cef%ierp&ﬁ%“%@’ R il e B A

< gener af T8 ofF 3 '%?é“la&léngfgéﬁﬁﬁhom 505 oot Ealg mr‘éﬁeacwr o
prefer abl yo Lo é@a% HOCon TNk 95 PTL0L ESE Ll S LBy T BOBERREC

general ly T7om ot press prefera rom

F?Tirgﬁza%nfgcﬁh?n%@ h@%ﬁel&égrﬂ? %/S%n%ﬁctgé l%g at a
Lo e e 4 e o o T e
parti cul adddodd OSuPpld beping 1906¢idi gabhtalykt! Supkdy piping 13a,
the aluminum-containing compound (c) is supplied from the
third supply piping 14, and the halogen-containing compound
(d) is supplied from the fourth supply piping 15.
Furthermore, a solvent used in low polymerization reaction
of ethylene is supplied to the reactor 10 from the second
supply piping 13.
[0036]

In the embodiment of the invention, the reaction
temperature in the reactor 10 is generally from 0 to 250°C,
preferably from 50 to 200°C, and more preferably from 80 to
170°C.

The reaction pressure is in a range of generally from
normal pressures to 250 kgf/cm®?, preferably from 5 to 150
kgf/cm?, and more preferably from 10 to 100 kgf/cm?.

[0037]

The trimerization reaction of ethylene is preferably
conducted such that a molar ratio of l-hexene to ethylene
in the reaction liquid ((1-hexene in reaction

liquid) / (ethylene in reaction liquid)) is from 0.05 to 1.5,

and particularly from 0.10 to 1.0. Specifically, it is
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preferred that in the case of a continuous reaction, a catalyst
concentration, a reaction pressure and other conditions are adjusted such
that the nolar ratio of 1-hexene to ethylene in the reaction liquid is in
the above range, and in the case of a batchw se reaction, the reaction is
stopped at the tinme that the nolar ratio is in the above range. This has
the tendency that by-production of conponents having a boiling point higher
than that of 1-hexene is suppressed, thereby further increasing

sel ecti vi ef’érﬂxﬁeﬁ;@% R0 eV%EQer esPeql Lontis éﬁécgée%ﬂio%' d

conti nuo drawn fromt ottom of ‘the react via a ﬁlplng 11,

trineri Z%A%j@@ctsuppﬁtﬂ@y&ﬁne 45 £0808E0n DYpPeadips! | AT o3RRI T e

froma deacti vator pl pi ng 1l1la, such reaction 1 qu

suppli ed &ohdiig; segassidg aéﬂiﬂ‘%e?cp st hecht;qgawengmbggk: 2Qa£4Rr eggt ed

ethylene is degassed fromt op thereof, and circulated and supplied to

the reaCtI“hé&bﬂéatér@%H&I&NQaihoﬂhQ'Péﬂ&tgén 1b&u1&0£§eﬂﬁeﬁhé6ab508
conpressor 17 and the first supply piping 12. The reaction liquid from

whi ch unreagged aidyl ene hare Lewe degasaedbatchwiber avBatbt@snt he that t om of
t he degassing tank 20. Operation conditions of the degassing tank 20 are

that the isdPeion Uie bEogpaar akl thler e tthatbOhe ansllapreatiabiy ihom 50 to
200C, and the pressure is generally 20

the above range. This has the tendency that by-production
of components having a beoiling point higher than that of
l-hexene 1is suppressed, thereby  further increasing
selectivity of l-hexene.
[0038]

With respect to the reaction 1liquid continuously
withdrawn from the bottom of the reactor 10 via a piping 11,
trimerization reaction of ethylene is stopped by a
deactivator supplied from a deactivator supply piping 1lla,
and such a reaction liquid is supplied to the degassing
tank 20. 1In the degassing tank 20, unreacted ethylene is
degassed from the top thereof, and circulated and supplied
to the reactor 10 wvia the circulation piping 21, the
condenser 16, the compressor 17 and the first supply piping
12. The reaction liquid from which unreacted ethylene has
been degassed is withdrawn from the bottom of the degassing
tank 20.

Operation conditions of the degassing tank 20 are

that the temperature is generally from 0 to 250°C, and

preferably from 50 to 200°C, and the pressure is generally
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fromnormal pressures to 150 kgf/cnR, and preferably from normal pressures
to 90 kgf/cnR. [0039] Subsequently, the reaction liquid fromwhich
unreacted et hyl ene gas has been degassed in the degassing tank 20 is

wi t hdrawn fromthe bottom of the degassing tank 20, and supplied to an

et hyl ene separation colum 30 by a piping 22. In the ethyl ene separation
colum 30, ethylene is distilled away fromthe colum top by distillation,
and circulated and supplied to the reactor 10 via the circul ation piping
31 and the first supply piping 12. The ctpon liquid fromwhich ethyl ene
has been FRAbVBOTRAL BEERARERR tont bhe KGEY CO : 8P RIKPTIRY t FEAR of the

et hyl ene separation colunn 3 re hqt the top pressure I's generally from
nor nal re%gtﬁjgfﬁ%s%*br%f'f?:ngo Preferably fromnormal pressures to 20

kgf/ch eref lux ratio (R/'D) is generally fromO to 500, and

pr ef er abl 0.1 to 100. [0040] The reaction liquid fromwhich ethyl ene
has been distidl.ed int ethylene separation colu 30.is with from
t he bottom of téh"é’ e?‘ﬂ'ilefm#ey 'sepaf ae[ i oft eélzi‘clt‘.‘mli1 30&1%1?& sugﬁlofned f'glg hi gh

boi l'i ng hg b paration
col um 43?;?%%%%’%%9%@@00” al nlei'n{:;H pt!’ exene ﬁ s a‘%beetﬁégé%g w

pol ymer ig,npM 38'0) 8V; ERAPLERC £LBR Rhe? U o‘kl-thTé‘edQéQQsPﬂb' hnkS 21

20, and supplied to an ethylene separation column 30 by a
pPiping 22. In the ethylene separation column 30, ethylene
is distilled away from the column top by distillation, and
circulated and supplied to the reactor 10 via the
circulation piping 31 and the first supply piping 12. The
reaction liquid from which ethylene has been removed is
withdrawn from the bottom.

Operation conditions of the ethylene separation
column 30 are that the top pressure is generally from
normal pressures to 30 kgf/cm?, and preferably from normal
pressures to 20 kgf/cm’, and the reflux ratio (R/D) is
generally from 0 to 500, and preferably from 0.1 to 100.
[0040]

The reaction liquid from which ethylene has beaen
distilled in the ethylene separation column 30 igs withdrawn
from the bottom of the ethylene separation column 30, and
supplied to a high beiling separation column 40 by a piping
32. In the high boiling separation column 40, a distillate
containing 1l-hexene which is an ethylene low polymer is

withdrawn from the top by a piping 41. The high boiler is
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w thdrawn fromthe bottomthereof and supplied to an evaporative separator
(not shown) described hereinafter. Treatnent of the high boiler in the
evaporative separator is described hereinafter. Qperation conditions of the
hi gh boiling separation colum 40 are that the top pressure is generally
from0.1 to 10 kgf/cnR, and preferably fromO0.5 to 5 kgf/cn2, and the
reflux ratio (R/'D) is generally fromO to 100, and preferably fromO0.1 to
20. [0041] Subsequently, the distillate containing 1-hexene wthdrawn from

the top of, the high boiling separation _colu 40 i s suppl.ied to a hexene
ieﬁar at i " E}g‘;’iﬁﬁ‘ftfisof‘fﬂf“ t dp%ﬂtﬁ’é"” 'hdl];thﬁ?et"rﬁ he tﬁé‘)@enéug’gg&fgpi R (1:8P|lf|ermt 50,
- hexene i s ation is .disti rom op . i pi.n . pt ane
e APt e St | nofo e Seatitaled nRFBa8deRas . o hr o
in a solvent_dru 6 i sQlvent, circul ation piping 52. and_citcul ated
ond sopriafhell S8 \ha il WSELIGL" TH Wl W PARLIN PR BRBaBRESR TLOT |

pi pi ng 3%3‘Eéﬁé$i££39ﬁagé$+§€§39f t he hexene separation columm 50 are that

the top pressure 1S genera romo0.1 to 10 kgf/cnR, and preferably from
0,5 10,5 L e S e e A hoh MEIETA) habdiBeko 100
column 40 are that the top pressure is generally from 0.1
to 10 kgf/cm®, and preferably from 0.5 to 5 kgf/cmz, and
the reflux ratio (R/D) is generally from 0 to 100, and
preferably from 0.1 to 20.
[0041]

Subsequently, the distillate containing 1-hexene
withdrawn from the top of the high boiling separation
column 40 is supplied to a hexene separation column 50 by
the piping 41. In the hexene separation column 50,
l-hexene by distillation is distilled from the top by a
piping S51. Heptane is withdrawn from the bottom of a
hexene separation column 50, and stored in a solvent drum
60 via a solvent circulation piping 52, and circulated and
supplied as a reaction solvent to the reactor 10 via the
second supply piping 13.

Operation conditions of the hexene separation column
50 are that the top pressure is generally from 0.1 to 10
kgf/cm’, and preferably from 0.5 to 5 kgf/cmz, and the
reflux ratio (R/D) is generally from 0 to 100, and

preferably from 0.1 to 20.

[0042]
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(Evaporative separator) Treatnent of the high boiler withdrawn fromthe
bott om of the high boiling separation colum 40 is described below. Fig. 2
is a view explaining a fl ow exanple of evaporative separation of a high
boil er by an evaporative separator. The flow exanple of the evaporative
separation shown in Fig. 2 shows an evaporative separator 70 which
concentrates the high boiler withdrawmn fromthe bottomof the high boiling
separation colum 40 (see Fig. 1) and additionally separates decene in the
high boiler, a liquid storage tank 80 which stores a residual solution as a
remai nder (efapobagiivioskparatol) gh viscosity containing concentrated
tetradecene and by-produced polyner, and a gear punp 80c by which the

resi dual sol utiDBeatmdhschef gethe FUiidier lByiferns wEithdrawh Fiffor?, the

condenser 81 which |Iliquefies decene in a formof a gas evaporated and
separ at edbbtbamt hefhi gheboiHigth bybdileimy apospdratieepacalamn 7@0i s imr ovi ded.
[ 0043) The evaporative separator 70 is not particularly limted, and can

use the cdasenibedabelawious separators. For exanple, a packed columm, a
thin filmevaporator equipped with a wi ping blade which rotates relative to
a heat transfeFigurfaceisf a csdewndreaxpdlaimimg rol Eloand eddamplle kef a wet
wal | evaporator; and the like are exenplified. 23
evaporative separation of a high boiler by an evaporative
separator. The flow example of the evaporative separation
shown in Fig. 2 shows an evaporative separator 70 which
concentrates the high boiler withdrawn from the bottom of
the high boiling separation column 40 (see Fig. 1) and
additionally separates decene in the high boiler, a liquid
storage tank 80 which stores a residual solution as a
remainder of a high boiler of high viscosity containing
concentrated tetradecene and by-produced polymer, and a
gear pump 80c by which the residual solution is discharged.
Furthermore, as shown in Fig. 2, a condenser 81 which
liquefies decene in a form of a gas evaporated and
separated from the high boiler by the evaporative separator
70 is provided.
[0043]
The evaporative separator 70 1is not particularly
limited, and can use the conventional various separators.
For example, a packed column, a thin film evaporator
equipped with a wiping blade which rotates relative to a

heat transfer surface of a cylindrical inner mold, and the

like; a wet wall evaporator; and the like are exemplified.
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In the enbodi mrent of the invention, a thin filmevaporator which can
perform high concentration in further short period of tinme is used as the
evaporative separator 70. [0044] In Fig. 2, the high boiler from which
conponents containing 1- hexene have been evaporated and separat ed,

wi thdrawn fromthe bottom A of the high boiling separation colum 40 (see
Fig. 1) via a piping 42 is supplied to the evaporative separator 70, and
decene in the high boiler is evaporated and separated by given operation

condi ti ong, 0045] The hi.gh i.ler.supplied to e rative ar at or

70 is conigntt;’gt gﬂbﬁf mar tg(fggg-ﬁhéei%mé%g%%?%t ed %ﬁgn \sfggg‘r %ttv@a?or%r%g’rdegree
of concen lon_[S S t C L on, of 4 . etd,ads e ined in
the resi dh{e{?ahsof%ﬁi oﬁ&?g&%& b%/f%éi gcﬁ#_}?%‘%u{n%%l,%nd'%rg erably f&&%

wei ght or IREgy YBeLenaeql Ligal g@ﬂ&b%@g@%ﬁkﬁ@&@@ hra®peedy Ve high
tenperatu?e conditions or in an excessive ong perfod of tinme in order to
I ncr ease &Bg4g?ncentration rate (decene recovery rate), deconposition of
catal yst "conponents is accel erated, and the anount of introduction of a

hal ogen corrpounﬁnartdige o i KenbNtip; SEC R 104APeEBREdih foN SRAYRIRIL ends to

be increased. [0046] anpl es of the chloro conpound formed by heat

deconposi EbARa®hifgt al YRéxéRs! diiffe | Bebleedapblatéd2-ard separated,
withdrawn from the bottom A of the high boiling separation
column 40 (see Fig. 1) via a piping 42 is supplied to the
evaporative separator 70, and decene in the high boiler is
evaporated and separated by given operation conditions.
[0045]

The high boiler supplied to the evaporative separator
70 is concentrated by that decene is evaporated and
separated. The degree of concentration is such that the
concentration of tetradecene contained in the residual
solution is 5% by weight or more, and preferably 10% by
weight or more. Where heat treatment is conducted under
excessive high temperature conditions or in an excessively
long period of time in order to increase the concentration
rate (decene recovery rate), decomposition of catalyst
components is accelerated, and the amocunt of introduction
of a halogen compound and the like into decene evaporated
and separated tends to be increased.
[0046]
Examples of the chlore compound formed by heat

decomposition of catalyst residues include 1l-chloro-2-
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et hyl hexyl , chl orodecane and chl or ododecane. [0047] Anal ysis was conducted
with a gas chromat ography having an atom c em ssion detector (chlorine
atonm). Chlorine concentration was calculated fromthe total area of peaks
containing a chlorine atom (0048] In the enbodi nent of the invention, the
hi gh boiler fromwhich an ethylene | ow pol yner has been evaporated and
separ ated evaporates and separates decene in the high boiler by the
evaporative separator 70 so as to satisfy the follow ng general expression

(1). By e4appiddifil, ath SAHAE8AAE Ya g CENEoL6858485n81 gh boiler by the
evaporati ve "separator 70 so as to satisfy the follow ng general expression

(1), the pgownt of a halogen contained in decene evaporated and separated
i s suppressed to a deconposition rate of 10%or less to the total anount

of hal ogens contraiiipgid n dde RHidpaAdEr withpl kedghg t BRroR¥88§Eaphye
separator 70. (004 [ Exp. 3] 9/1.2EXP(800/T)<1 ?1) (0050] (wherein T is

t enper at WHrig Ohna luniiedl eflission aBdt@ctoy I ediiesitind | NRtém) 0.) of a
residual solution in an evaporative separator.) 25

Chlorine concentration was calculated from the total area

of peaks containing a chlorine atom.

[0048]

In the embodiment of the invention, the high boiler
from which an ethylene low polymer has been evaporated and
separated evaporates and separates decene in the high
boiler by the evaporative separator 70 sc as to satisfy the
following general expression (1).

By evaporating and separating decene from the high
boilexr by the evaporative separator 70 so as to satisfy the
following general expression (1), the amount of a halogen
contained in decene evaporated and separated is suppressed
to a decomposition rate of 10% or less to the total amount
of halogens contained in the high boiler supplied to the
evaporative separator 70.

[0049]
[Exp. 3]
0/1.2EXP(800/T)<1 (1)
[0050]
(wherein T is temperature (°C) of a residual solution and 0
is residence time (min.) of a residual sclution in an

evaporative separator.)
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The general expression (1) shows the relationship between the tenperature
and the residence tine in the evaporative separator in condensing the high
boiler to suppress formation of a chloro conpound by heat deconposition of
a chloro-containing catal yst residue. Reaction rate r of formation of a

chl oro compound forned by deconposition is defined r=kO (k: rate constant,
0: residence tine). The rate constant k has tenperature dependency of
formation reaction, and this dependency is expressed as 1.2EXP(800/T) of

the termin th@r&e”%"eﬁle::a@.?(péﬁﬁﬂaggi“) (D) t SHBLT chbl NROI M1 SQLREPH ON.
Therefore, the decdnposition rate expression of the chloro conmpound is

repr esentigitwded “khd - 2E0Re8A%uERD, aAld tKe S rE@Aferddl tiweer €nt Nehe

tenperature T and the residence tine O are deternined, deconposition of the
chloro corppovhitiare b&epaifiiassed. &Qﬂééxhsﬂx?. thd S hdgh epogiBkai 86Ng the
or

range of the general expression (1) that per nMs evaporative separation
oper at i OrsupprdEs enFednEyilorDf bife | averdiXvko As colmpsand)  biyg. Beathe range
satisfying the general expression (1) that perfornms evaporative separation
oper at i ordedonipgusitev@aporef | Ve seliphs ad-otonfabming hecataly st st pesijduéank 80 is
shown as a region shown by oblique lines in Fig. 3 when the tenperature T
(O of tlIreacsichuatatss| uteodHnfosmationiabnd athlaxe scamplotnd fesmednby tinme O
(mn.) of the residual 26

decomposition is defined r=kf (k: rate constant, O:

residence time). The rate constant k has temperature

dependency of formation reaction, and this dependency is

expressed as 1.2EXP(800/T) of the term in the general

expression (1) in terms of Arrhenius equation. Therefore,

the decomposition rate expression of the chloro compound is

represented by r=k’x1.2EXP(800/T)B, and this means that

where the temperature 7T and the residence time 0 are

determined, decomposition of the chloro compound can be

suppressed.

[0051]

Fig. 3 is a view explaining the range of the general
expression (1) that performs evaporative separation
operation in the embodiment of the invention. As shown in
Fig. 3, the range satisfying the general expression (1)
that performs evaporative separation operation in the
evaporative separator 70 and the liquid storage tank 80 is
shown as a region shown by oblique lines in Fig. 3 when the

temperature T (°C) of the residual solution is a horizontal

axis and the residence time 0 (min.) of the residual
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solution in the evaporative separator 70 and the liquid storage tank 80 is
a vertical axis. [0052] In the enbodi nent of the invention, the tenperature
T for evaporating and separating decene in the high boiler in the
evaporative separator 70 and the liquid storage tank 80 is generally from
80 to 230C, and preferably from 100 to 200C, on the assunption that the
rel ati onship of the above <conditions is satisfied. Were the tenperature
for evaporation and separation is excessively high, deconposition of a

chrom um s&hj8of aial Yehe 2RFaddtaltike | SepdhRe6£Si7Uahn80ltHd ODi&eDds to be
accel erated. The residence tine 8 of the residual solution for evaporating

and separsddriggdlachiie 80 i9ea @btheal edxi®. the evaporative separator 70 is
generally from10 to 1,600 mnutes, and preferably from5 to 60 m nutes, on

the assupgmszyn that the relationship of the general expression (1) is
satisfied. The residence tine 9 is excessively long, concentration of the
resi dual sol ut izm the camisisdimeuit hefit thé r bmeérticn| f Bhe bémparatuwapoTati ve
separator 70 tends to be fouled. [0053] Gaseous decene evaporated and
separ at edfdmn aveporviiony candeseppeating décesesint the highrdenter 84 via a
pi pi ng 80a. Liquid decene cooled in the condenser 81 is sent to B and
recover ecthe evaporative separator 70 and the liquid storage tank 80

is generally from 80 to 230°C, and preferably from 100 to

200°C, on the assumption that the relationship of the above

conditions is satisfied. Where the temperature for

evaporation and separation is axcessively high,

decomposition of a chromium series catalyst and the like in

the residual solution tends to be accelerated.

The residence time 0 of the residual solution for
evaporating and separating decene in the high boiler in the
evaporative separator 70 is generally from 10 to 1,600
minutes, and preferably from 5 to 60 minutes, on the
assumption that the relationship of the general expression
(1) is satisfied. The residence time 0 is excessively long,
concentration of the residual sclution proceeds, and heat
transfer surface of the evaporative separator 70 tends to
be fouled.

[0053]

Gaseous decene evaporated and separated in the

evaporative separator 70 is sent to a condenser 81 via a

piping 80a. Liquid decene cooled in the condenser 81 is

sent to B and recovered.
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[ 0054] The residual solution of high viscosity stored in the 1liquid storage
tank 80 is flown down fromthe bottomof the |I|iquid storage tank 80 by
plasticity of by-produced polyners contained, and di scarded as an
i ndustrial waste C by a gear punp 80c. Exanples [0055] The present
I nvention is described further specifically based on the Exanples. However,
the present inventionis not limted to the follow ng Exanples so far as
it does not depart fromits gist. [0056] (Reference Exanple 1) The
f ol I ow ng oo®yji nuous | ow pol ynerization reaction of ethylene is carried out
in a process having the reactor 10, the condenser 16, the degassing tank
20, the ethyl emhe RPAARIADBSIULEEN BE High Widedsity Ngtepddnn 4bhet he
hexene separation columm 50 and the solvent drum 60 which stores a
ci rcul at ildrpsial \eH¥rags kB0 nidi flovin Regarfiay id\beteom uaf ctles ed
et hyl ene separated from the degassing tank 20 and the ethyl ene separation
col um 3Qigeidconttowmyes| ytankpl Bod bggetpiarstiidiltyet s erlsy fpesdhgedsuppl i ed
fromthe ethylene supply piping 12a to the reactor 10 fromthe first supply
pi pi ng 13diyndrms comptassed, land Rdjgardrdgda asolane nindus trsicol eragiten- Gept ane
solvent 28

by a gear pump 80c.

Examples

[0055]

The present invention is dascribed further
specifically based on the Examples. However, the present
invention is not limited to the following Examples so far
as it does not depart from its gist.

[0056]
{Reference Example 1)

The following continuous low polymerization reaction
of ethylene is carried out in a process having the reactor
10, the condenser 16, the degassing tank 20, the ethylene
separation column 30, the high boiling column 40, the
hexene separation column 50 and the solvent drum 60 which
stores a circulation solvent, as shown in Fig. 1.

Regarding ethylene, unreacted ethylene separated from
the degassing tank 20 and the ethylene separation column 30
is continuously supplied together with ethylene freshly
supplied from the ethylene supply piping l1l2a to the reactor
10 from the first supply piping 12 by the compressor 17.

Regarding a solvent, a recovered n-~heptane solvent
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separated in the hexane separation colum 50 is passed through the solvent
drum 60 (2 kgf/cnR2 nitrogen seal), and is continuously supplied to the
reactor 10 fromthe second supply piping 13 at a flowrate of 40 liters/hr
[ 0057) Next, regarding a catal yst, an n-heptane solution containing
chromum (I'11) 2-ethyl hexanoate (a) and 2,5-dinethylpyrrole (b) is
continuously supplied fromthe catalyst supply piping 13a to the reactor 10
at a flowrate of 0.1 liter/hr via the second supply piping 13. An
n-heptane solution of triethylalumnum(c) is continuously supplied to the
reactor 18eP3wRtede it the s%ﬁsﬁ’yepi%ﬂwalt‘ll% golran rafe is¥ PagseHiter/ hr.
Furthernore, an n-heptane solution of hexachlorgpethane (d) igs continuously
suppl i ed ¥RFeweh thet solventy SHuthePQ ol t RITLTBpI 32 BFoFeRy 39240 - a3Prow rate
of 0.02 ljter/hr, The | ar ratioq of each conponenj of the catalyst is

() by: (19 COFEInBORELY Shrelisrfrontin “RAConbR EREn bhe: ABLERMAI yst i s
supplied froma tank (n shown).seal e with nitrogen.in 2 kgf/cnR. [0058]
The react PP tHIPHY s?éfagoﬁt%ﬁﬁ8UEagﬁmprgPyhéFFgﬁ?Pﬁn of ethylene in the
react or 1g @%§]12OC and 51 kgf/cnR. 2-Ethyl hexanol as a netal solubilizing
agent is % d®* to the reaction liquid continuously withdrawmm fromthe 29

Next, regarding a catalyst, an n-heptane solution
containing chromium (III) 2~ethylhexanocate (a) and
2,5-dimethylpyrrole (b) is continuously supplied from the
catalyst supply piping 13a to the reactor 10 at a flow rate
of 0.1 liter/hr via the second supply piping 13.

An n-heptane solution of triethylaluminum (c) is
continuously supplied to the reactor 10 from the third
supply piping 14 at a flow rate of 0.03 liter/hr.
Furthermore, an n-heptane solution of hexachloroethane (d)
is continuously supplied to the reactor 10 from the fourth
supply piping 15 at a flow rate of 0.02 liter/hr.

The molar ratio of each component of the catalyst is
(a):(b):{c):(d)=1:6:40:4. The solution of each component
of the catalyst is supplied from a tank (not shown) sealed
with nitrogen in 2 kgf/cm’.

[0058]

The reaction conditions of continuous low
polymerization of ethylene in the reactor 10 are 120°C and
51 kgf/cm?.

2-Ethylhexanol as a metal solubilizing agent is added

to the reaction liquid continucusly withdrawn from the
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reactor 10 fromthe deactivator supply piping Ila at a flow rate of 0.005
liter/hr, and such a reaction liquid is then successively treated in the
degassing tank 20, the ethylene separation colum 30, the high boiling
separation colum 40 and the hexene separation colum 50. [0059] Wen the
hi gh boiler withdrawmm fromthe bottom of the high boiling separation colum
40 is analyzed with a gas chromatography (GC), decene is 95% by wei ght, and
tetradecene is 2% by weight. The remai nder of 3% by weight is other
conponentsad&tiEd a0 bfrdi Othus ede DOt yvEREST asipp Tt plyshg COIROAENASELbRat are
not detected with GC. [0060] (Exanples 1 to 5, and Conparative Exanples 1
to 5) <RBreparefi 0n005 higbrphrl, eandawuht er imdactdibnr 1iofuild 2bs gthenl i ter
chrom um series catal yst obtained by pre-adjusting chromumtris

2- et hy| hestanmed i ve Dy 24Beated ) in 2the diegs dyinyrtahle 20, 46henethybede
triethylalum num (1.46 mmol) in a heptane solvent, 9.4 nl of a heptane

sol uti on sEpa¥tipn i ¢elunni 3@ hythe unighinpoBlikg seépafabidmptabemsofQti on of
7.37 g/liter hexachl oroethane, and 6.8 nml of heptane were charged in a 300
m SUS andcthe chexrre sppavybion ¢elumn o20ave was seal ed, the tenperature
of the autoclave was el evated to 140C, and the autoclave was heated for 1
hours. ThE}®Rter, 4.27 nl of 2-ethyl hexanol was added to deactivate the

catal yst, 30 ]
When the high boiler withdrawn from the bottom of the

high boiling separation column 40 is analyzed with a gas
chromatography (GC), decene 1is 95% by weight, and
tetradecene is 2% by weight. The remainder of 3% by weight
is other components such as by-~produced polymers and
catalyst components, that are not detected with GC.
[00860]
(Examples 1 to 5, and Comparative Examples 1 to 5)
<Preparation of high boiler raw material>

94 ml of 1.25 g~Cr/liter chromium series catalyst
obtained by pre-adjusting chromium tris 2-ethylhexanocate
(0.243 mmol) , 2,5-dimethylpyrrole (1.46 mnol) and
triethylaluminum (1.46 mmol) in a heptane solvent, 9.4 ml
of a heptane solution of 100 g/liter triethylaluminum, 31.2
ml of a heptane solution of 7.37 g/liter hexachlorcethane,
and 6.8 ml of heptane were charged in a 300 ml SUS
autoclave under nitrogen. The autoclave was sealed, the
temperature of the autoclave was elevated to 140°C, and the
autoclave was heated for 1 hours. Thereafter, 4.27 ml of

2-ethylhexanol was added to deactivate the catalyst,
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foll owed by further heating at 160C for 6 hours. Thereafter, the
tenperature was decreased to 95C, and while flowng a nitrogen gas in the
aut ocl ave, heptane was distilled away, followed by drying until catalyst
conponents are dried up to dryness. The solid thus obtained was used as a
high boiler raw material. <Preparation of sanple> 2 m of 1-decene and 0.2 g
of the catalyst solid prepared above were charged in a 4 m SUS smal | -si zed
vessel under nitrogen. Chlorine concentration in the 1-decene solution just
after chdigfiluped zbyo. fuddiext r dedateirig t eat> T6O°Cesgeir of6 t hkosaapl e t hus
prepared was sealed, and the small-sized vessel was dipped in a sand bath
adj ust ed Thexeafiten, t ridwt ndempesafarst uwvesT d&rreasddhetne  25°Cat nand was
conducted for the given treatnment tine 0 mn.) while stirring the inner

| i qui d bywhsideki fitowheg annlitrogend gess o h&}? Anteplave Therbinerwape
smal | -sized vessel was dipped_in a water bath to cool. Analysis_of chlorine
concent r i i¥ed he a3t | ofcddovede |PYui dxing t peXddent cakal¥shduct ed
under the follow ng conditions using a gas chromatography equi pped wth an
atoni c erfERANLRfet eA®R (PP AR yAKYNeSS: chr Shat o§PApfly ERBFI ent

6890) Atonmi c em ssion detector (chlorine atom) Agilent  G350A (A 479 nm
31 obtained was used as a high boiler raw material.

<Preparation of sample>

2 ml of l-decene and 0.2 g of the catalyst solid
prepared above were charged in a 4 ml SUS small-sized
vessel under nitrogen. Chlorine concentration in the
l-decene solution just after charging is zero.
<Heat treatment test>

The vessel of the sample thus prepared was sealed,
and the small-sized vessel was dipped in a sand bath
adjusted to a given treatment temperature T (°C), and heat
treatment was conducted for the given treatment time 0
(min.) while stirring the inner 1liquid by shaking the
small-sized vessel up and down. Thereafter the small-sized
vessel was dipped in a water bath to cool.

Analysis of chlorine concentration in the solution of
the liquid after treatment was conducted under the
following conditions using a gas chromatography equipped
with an atomic emission detector (AED/GC).

Analyzer: Gas chromatography (Agilent 6890)
Atomic emission detector (chlorine atom)

Agilent G2350A (Cl 479 nm)
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Supel cowax- 10, strong polarity, 0.32 mm 60 m 0.25 Nm Measurenent
conditions: Gas He=40 cnis Inlet tenperature 250C Col um tenperature 50C -4
200C, 10C/ mn Calibration for quantitatively determ ning chlorine
concentration was conducted with a make-up liquid of trichloroethylene. In
the sanple analysis, chlorine concentration was calculated fromthe total
area of peaks containing a chlorine atom In this test, 1-chloro-2-

et hyl hexane, 3-chl orodecane and the |ike were detected as chlorine

conponents. On the oghipelbondx-10¢ GtréngNPolEVIAgA! @3N 6bemghar ged
raw material was calculated fromthe charged anmount of the

chl orine-containi ng ogogpoumd. The chlorine concentration in the case that
the total anmount of chlorine was present in aliquid after treatnent was
cal cul at eHeasuzZ8meptmcondidiigints.: TEasdechepdBitmpa rate (% was cal cul at ed
as chlorine concentration analysis value (wtppn) of sanple/ 285 wtppm This
calcul ation was nmade to the sanpl Esletepemperabdee 2Hh8°Gane conditions as -
above except for changing the treatnent tenperature T (C) and the treatnent
time O (mn.). The sanpl es sati sf yCaljunt héemppratsiren SOOL wer @ CExanpl es 1
to 5, and the sanples not satisfying the expression (1) were as Conparative
Exanples 1 to 5. The results are shOW@/min Table 1. The 32

Calibration for guantitatively determining chlorine
concentration was conducted with a make-up liquid of
trichloroethylene. In the sample analysis, chlorine
concentration was calculated from the total area of peaks
containing a chlorine atom. In this test, 1l-chloro-2-
ethylhexane, 3~chlorodecane and the like were detected as
chlorine components. On the other hand, the chlorine
concentration in the charged raw material was calculated
from the charged amount of the chlorine-containing compound.
The chlorine concentration in the case that the total
amount of chlorine was present in a liquid after treatment
was calculated as 285 ppm by weight. The decomposition
rate (%) was calculated as chlorine concentration analysis
value (wtppm) of sample/285 wtppm. This calculation was
made to the samples prepared under the same conditions as
above except for changing the treatment temperature T (°C)
and the treatment time 0 (min.). The samples satisfying
the expression (1) were as Examples 1 to 5, and the samples
not satisfying the expression (1) were as Comparative

Examples 1 to 5. The results are shown in Table 1. The
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"l eft side of general expression (1)" in Table 1 is the «calculation result
of the left side obtained by assigning the treatnent tenperature T (C and
the treatnment time O (mn.) obtained in this test to the treatnent
tenperature T (C) and the treatnent tine O (mn.) of the residual solution
of the expression (1), respectively. (0061] 331 01 3N:CHH~ omrl Nd
aOM'FUOOAB8SNN toO0 14 %In WM40 W ONv rl v N Otll {: 01V
HMMOOMTr-12rl InOrl r 1144 bl HOOOOOOO1rll NM O ~W ari
0 :VIO ﬁa&%@tlgige gfgéeﬁe&law Qpressidd) WLH”Oilm taple 10 ¥s Meher a rl r
r~-Mm-~" I-~d, ,

calculation result of the left side obtained by assigning

the treatment temperature T (°C) and the treatment time 0
(min.) obtained in this test to the treatment temperature T
(°C) and the treatment time 0 (min.) of the residual
solution of the expression (1), respectively.

(0061}
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tenperature T (C) and the treatnent time O (mn.) so as to satisfy the
general expression (1), deconposition of chlorine contained in the high
boiler raw material is |less. The above sanples contain the catalyst
conponents in an anmount of about 10 tines the anount of the catal yst
conponent contained in the high boiler withdrawmm fromthe bottom of the

hi gh boiling separation colum 40 in Reference Exanple 1. It is apparent
fromthe results shown in Table 1 that by evaporating and separating the

hi gh boijooexff Reference Exanple 1 so as to satisfy the general expression
(1) (Exanples 1 to 5), the amount of chlorine contained in decene recovered
I s decreased, a ibe ssidrecfromarthee expeltedshioan tixe Fablepdsi thad rate is
suppressed to 10% or less to the anmount of chlorine contained in the high
boi | er beiflete elegporszmpleesse@Eareat heatoperabited @ithhetbéhetrdatmentt is
seen that when evaporative separation operation is conducted w thout

sati sfyi repnpgeratgererBl (¥prasd | tre (LYed Buephr binme cd Elmipl kssd as §p, the
amount of chlorine contained in decene recovered is increased. Wile the
i nvent i orsatissfizentbiescoebedaln expaiassigd wWlh r cdecempesibiome gfecific
enbodi nents thereof, it will be apparent to one skilled in the art that
vari ous cHuppine 3onkained n cthe onbok dpobberatiev thaterkahi idokesdeparting
fromthe spirit and scope thereof. This application is based on Japanese
Pat ent The above samples contain the catalyst components in

an amount of about 10 times the amount of the catalyst

component contained in the high boiler withdrawn from the

bottom of the high boiling separation column 40 in

Reference Example 1. It is apparent from the results shown

in Table 1 that by evaporating and separating the high

boiler of Reference Example 1 so as to satisfy the general

expression (1) (Examples 1 to 5), the amount of chlorine

contained in decene recovered is decreased, and the effect

can be expected that the decomposition rate is suppressed

to 10% or less to the amount of chlorine contained in the

high boiler before evaporative separation operation.

On the other hand, it is seen that when evaporative
separation operation is conducted without satisfying the
general expression (1) (Comparative Examples 1 to 5), the
amount of chlorine contained in decene recovered 1is
increased.

While the invention has been described in detail and

with reference to the specific embodiments thereof, it will

be apparent to one skilled in the art that various changes
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Application (Patent Application No. 2006-356464) filed Decenber 28, 2006,
the entire contents thereof being hereby incorporated by reference.

I ndustrial Applicability [0063] According to the present invention, decene
having a small content of a deconposition product of a chromum series
catal yst can be recovered froma residual solution (called a high boiler or
a high boiling by-product liquid) fromwhich an unreacted ethyl ene,

1- hexene and a solvent have been separated. Therefore, the industrial value

of the péﬁée%di@i%gﬂﬁhé SchfMb&aate 3Pn&ELAM N wilthdh P! adpakkeRgTet hod

of an ethylene | ow polymer using a chrom um series catal yst, characterized

in that: sebhytRdeshpsrstbhrat 8dopa8 tR¥WragEYNEri zation in a solvent in the
presence of the chrom um series catal yst, an ethylene | ow polyner is

separated fromen{gactdppliddtiwind Co8t aibgud t henet jditedOW pakiAR tO
obtain a solution containing decene and tetradecene, and decene is

separ at ednpypLi s£ED¥RT e(Phtantt happRiuht26n CNBL ai DDDG-366ABA) andilledr adecene
by an evaporative separator under the condition of the foll ow ng general
expressi dbeddnbet EXP, 20060/ 1tREXBHBLOETEbhtéhts thereof being hereby

incorporated by reference.

Industrial Applicability

[0063]

According to the present invention, decene having a
small content of a decomposition product of a chromium
series catalyst can be recovered from a residual solution
(called a high boiler or a high boiling by-product liquid)
from which an unreacted ethylene, 1l-hexene and a solvent

have been separated. Therefore, the industrial value of

the present invention is remarkable.
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wherein T is tenperature (C) of a residual

solution, and O is residence

time (mn.) of a residual solution in an evaporative separator. 2. The
production nethod of an ethylene |ow polynmer as clained in claiml,

characterized in that the anpunt of

a hal ogen contained in the decene

separated fromthe evaporative separator is deconposition rate of 10% or
|l ess to the anmount of a hal ogen contained in the residual solution.
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solvent in the presence of the chromium series catalyst,

an ethylene low polymer is separated from a reaction
liquid containing the ethylene low polymer to obtain a
solution containing decene and tetradecene, and

decene is separated and recovered from the solution
containing decene and tetradecene by an evaporative
separator under the condition of the following general
expression (1):

(Exp. 1]

0/1.2EXP (800/T)<1 (1)
wherein T is temperature (°C) of a residual solution, and 0
is residence time (min.) of a residual solution in an
evaporative separator.

2. The production method of an ethylene low polymerxr
as claimed in claim 1, characterized in that the amount of
a halogen contained in the decene separated from the
evaporative separator is decomposition rate of 10% or less
to the amount of a halogen contained in the residual
solution.

3. The production method of an ethylene low polymer
as claimed in claim 1, characterized in that the chromium

series catalyst is constituted of a combination of at least

37

asthydierssl iis cbabjettedhatactlew zedlymerizatilon etthyl @ne

| ow



(a) a chromium compound, (b) a nitrogen-containing compound,
(c) an aluminum~containing compound and (d} a halogen-
containing compound.

4. The production method of an ethylene low polymer
as claimed in «<¢laim 1, characterized in that the
evaporative separator is a thin film evaporator.

5. The production method of an ethylene low polymer
as claimed in claim 1, characterized in that the ethylene

low polymer is l1l-hexene.
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