_ TITLE OF THE INVENTION

PROCESS FOR THE PREPARATION OF 0.~OLEFIN OLIGOMERS

- BACKGROUND OF THE INVENTION

'Thé present invention relates to a process for
preparing a-olefin oligémers;i Moré particularly, it relates
to an industriaily advantageous process for preparing.a-
olefin oligomers, accordiné to which it is possible to
preparé_a-o;éfin oligoﬁers comprising'l—hexené_as main
component from ethylene in a high yield'wi;h high
selectivity. |

As én Qliéomerizétion'method'of o-olefin such as

| ethylene; methods_using'a”chromium—based catélyst comprising
a combination of a specific chrémium compound and a specific'
organic aluminum compound have been known. Fof instance,
Japanese patent Publication (KOKOKU) No. 43—18707-discloses
a précess for producing l-héxene.from ethylene'by using a
cétalytic system consisting of a chromium—éontaining Group
VIA transitidn metal compound and polyhydrocarbylaluminum

| oxide. |

| ) Aléo,'Japanese Patent Application Laid-Open (KOKAI).
No. 3-128904 disclqsés a method for trimerizing a-diefins

by_uSing a catalyst obtained by reacting a chfomium-



- ";}

" containing compound having chrome—pyrrolyl bond with an

alkyl metal or a Lewis acid.

In either of the said methods, formation of by-

5product' polymers is unavoidable, and it is now a great

technical problem in the art how to separate the by-product

polymers in the industrial production of a-olefin oligomers.

:'Hiéh—purity preparation of a—olefin_oligomers is also of

importance for applicétion of the obtained oligomers.

-Further, removal of the catalyst components such as chromium

‘compound contained in the reaction solution is an important

subject since such catalyst components may deposif.on the

distillation cbiumn depending on the distillation conditions

~ to give rise to various problems.

'As a result of the present inventors’ earnest studies,

it has been found that'by'carrying out an oligomerization

reaction of a-olefins in a solvent in the presence of a

chromium-based catalyst system comprising at least (a) a

chromium compound, (b) at least one nitrOgen—éontaining

compound selected from the group consisting of amines,

-amides and imides, and (c¢) an alkylaluminum dompound, and

separating the produced a-olefin oligomers, catalyst

components and by-product polymers from thé'reaction

solution, wherein the catalyst components and the by-product

- pOlymérs.are separated simultaneousiy_from the reaétion



:solution, the produced'by?product polymers and catalyst

éomponents-can be efficiently separated, and the process can
be simplified and is industrially advantageous. On the

basis of the finding, the present invention has been

. attained;

' Y OF THE INVENTION
An object of the present invention is to provide an

industrially adVantageous process for preparing a-olefin

oligemers by'using a chromium-based catalyst, which process

'is simple and capable of efficiently separating the by-

product polymers and catalyst components.

In a fifSt_aspect of the present invention, there is R

| provided a process for producing a-olefin oligomers, which

.comprises carrying out an oligomerization reaction of o-

 olefins in a solvent in the presence of a chromium-based

'catalyst system comprising at least (a) a chromium compound,

'(b) at least one nitrogen-containing compound selected from

the”groUp consisting of aminés, amides and imides, and (c)

. an alkylaluminum compound, and recovering the produced o-

olefin oligomers, catalyst components and by-ptoduct

polymers from the reaction sdlution, wherein the catalyst

components and the by-product polymers are recovered

simultaneously from the reaction soluticn.



In a second aspect of the present invention, there is
provided a process_for producing d?olefin oligcmers,.which
5 gomprises cartying oct aﬁ.oligcmerizatioh of a-oiefins in
ths preSénca of a reaction sclvent in an oligomerization
.rsactor by ﬁsing a chromium—baséd_catalyst system comprising
at léast_(a) a'Chromiﬁm'compound;.(b),at least one nitrogen-
cqhtaining'compound selectéd from the group consisting of
amines, amides and imides, and (c) an.alkylaluminum compound,
supplying the resuiting reaction solution into a degassing-
towst to rccoter the unreacted o -olefins, suppiying_the
.reacticn solution'from ths'degassing toWer intc a product
disti;laticn tower to recover the p;oduced.a;olefin'

‘oligomers as a distillate while concentrating the by-product
-ﬁolymers and catalyst components; and'recovering the
conceﬁtrated-by-product polymers and catalyst components as
. bottoms, wherein the by-product polymers and catalyst
components are maintained in a-dispersed state in the
reaction.solution-in the process line ftom the outlet.of the
‘oligomerization teactor tc the inlét of the'pfoduct

distillation tower.

DETAILED DESCRIPTION. OF THE INVENTION

The present invention is described in detail below.



In thé present invention, a.chromium-based catalyst
system comprising at_least (2) a chromium compound, (b)_at
least one nitrogen-containing compound selected from the .
gtoup consisting'of amines, amides and imides,' and.(o) an
alkyialuminum compound, is used as catalyst for the |

_o;igomerization reaction. 1In the p;eferred embodiments of
the present invention, there is used a catalyst system
CQmprising-a combinaﬁion'of (a) a chromium compound, (b) at
least one nitfogen—contéining_compound selected from the |
group consistinglof amines, amides and imides, (c) an

_alkylaluminum compouhd, and.(d) a halogeo—containing
compoﬁnd. |

The-chromium compound (a) usable in the present
inﬁehtion is represented by the formula: CrX,, wherein X is
an organic group, an inorganic group or an anionic atom; n
is an;integer from 1 to 6, énd when n is not less than 2,
X's may bé identical or different from each other. The |
valency of chromium is-Q to 6, and n in the above formula is
pfeferably.not léss_than 2. |

‘The organic'groﬁps_representéd'by'x in the above
formula includé various kinds of groups héving a carbon

number of usually 1 to 30, such as hydrocatbon_éroﬁpj

carbonyl group, alkoxyl group, carboxyl'group, B—diketohate

7group, B-ketocarboxyl group, PB-ketoester group and amide



-grbup;. The hydrocarbon'gfoﬁp includes alkyl gfopp; |
cycloalkyl grdup, aryl group, alkylaryl group,"aralkyl group,
cyclopentadienyl.group, etc. ‘The inofganic groups |
répresented by X ihcludé the éhromium salt-forming gfoups

" such as nitric group and sulfuric gfoup.' The anionic atoms
include oxygen atom, halogen atom, etc.

Preferred-examples of the chromium compdunds usable
in the present invention are’chromiﬁm _alkoxidés; chromium
carboxylates, chromium B-diketonates-and'salts.of chromium
'With‘anipns of ﬁ-ketoeéter, and chromium halides. More
spégifically, chromium (IV)-thutoxide, chromium (III)

3 acetjiaéetonate( chromium_(iII) trifluoroacetylaéetonate,
chromium (III) hexafluoroacetylacetonate, chromium (III)
(2,2,6,6-tetramethyl-3,5- heptanedionate), Cr(PhCOCHCOPh)3
(wherein Ph.repfeSents phenyl group), chromium (IT) acetate,
- chromium (III) acetate, chromium (IiI) 2-ethylhexanoate, |
chromium (III) benzoate, éhfomium (III) naphthenate,

Cr (CH3COCHCOOCH;) 3, chromous chloride, chromic chloride,
.éhrcmous bromide, chromic bnomidé, chromous iodide, éhromic
iodide, chroméuS'fluoride and chromic fluoridé may be
exemplified.

Complexés compésed of the said cﬁrdmium compouﬁds and
electron donors caﬁ.also.févorably,bé ﬁsed. The-electroh

donors are selected from the nitrogen-containing compound,-



-oxygen-containinoocompound, phosphorus-containing compopnd
or'sulfurfcontaining compound.l |

The nitrogen-contaihing compound ﬁsed és'a
oonStituent of the catalyst system in the present invention
is'selected from nitriles, amines, émides, etc., such as
acetonitrile, pyrioine, dimethylpyridine, dimethylformamide,
h meethylformamide; aniline, nitrobenzené,
tetfamethylethylenediaminé; diethylamine; isopropylamine,
hexamethyldisiLazane and.pyrrolidone.

The oxygenFcontaining compounds usable as another
constituentlof the said catalyst Systém include esters,
' ethers, ketones, alcohols, aldehydes, etc,, such ao ethyl
acetate, methyl acetate, tetrahydrofuran, dioxane, diethyl
ether,_dimethoxyethane, diethylene glycol dimethyl ether,
triethylene glycol dimethYl'ether, acetone, methyl ethyl
ketopé, methanol,'ethonol, and acetaldehyde.

The_phosphorus—containinglcompounds include
hexamethylphosphoramide, hexamethylphosphorustriamide,
triethyl phosphite, tributylbhosphine oxide,
'triethylphosphine, etc. |

The'sulfur—containing compoundo.ihclude carbon
Idisuifide, diméthyl sﬁlfbxide,”tet'ramethylene sulfone,
thiophene, dimethyl sulfide,letc. | .

Then, the_coﬁplexes composed_of chromium compounds-

and electron donors usable in the present invention include



'ether complexes, ester complexes; ketone-cemélexes, aldeh?de
‘complexes, alcohol cemplexes, amine comp;eXes, nit;ile
i complexes, phosphine complexes and thioethe:.complexes of
chromium.halides,'speeifieally CrCljy * 3fHF; CrClsy * 3dioxane,
| CrCly - (cn3c02-h-¢;H9), CrCly * (CH3CO2C2Hs) / CrCljy * 3(i-
c3H70H),-Crc134 3[CH3(CH2)3CH(C2H5)CH20H], CrClsz+ 3pyridiﬁe,
CrCls » 2 (i-CaligNHp) , [CrCly + 3CHaCN] » CH3CN,_ CrCly 3PPh3,.
CrC12°.2THF, CrC12e°2pyridine,'CrC12- 2[(C2H5)2NH], CfClz-
2CH4CN, Crclé . 2[P (CH3) ,Ph], etc.

The chromium'compound used in the present invention

is preferably one which lS soluble in hydrocarbon solvents.

-

Examples ‘of such chromium compound include chromlum B—

_ diketonate, chromium.carboxylates, salts of chromium with
anione of PB-ketoester, chromium B-ketocarboxylates, chromium
amide.complexes, chromium carbohyl complexes, chrqmiUm
carbene complexes,'various types of cyclopentadienyl
complexes of chromium;'cﬂromium alkyl complexes, chromium
‘phenyl ceﬁpleXes, etc. As specific examples thereof,

Cr (CO) g, (CSHG)Cr(CO)3, (CO) sCr (=CCH3 (OCH3)), (CO)sCr
(=CCgHg (OCH3)), CpC:Clzl(ﬁherein Cp represents |

cyclopentadienyl group) , (CP*CrClCH3), (wherein Cp*



represents pentamethylcyclopentadienyl group) , and
.(CH3)2CrCl may be exemplified. |
| The chromium compound may be supported on a carrier
sﬁch as an inorganic ox1de, but it is preferably used in
combination with other catalyst components without being
-supported on a carrier. In the present invention, the '
chromium-based cataiyst ie preferably used in a specific
contacting ﬁode described.later because when tﬁe catalyst is
ﬁsed in such a mode, a high catalyst activity can be._
Obtained even if the chromium compound is not'supported.on a
carrier. _Further,.when the chromium'compound is used
without being supported on a carrier, it is possible to
dispense with the complicated operation necessary for
supporting the'compound'on a carrier, and moreover, the
broblem of increase of the total amount of the catalyst used
(sum 6f the carrier and.the catalyst components) can be
evaded. |
'i‘he amine used in the present invention is selected

from primary amines and secondary amines. Ihe primary
amines include ethylamine, isopropylamine, cyclohexylamine, '
becrylamine[ aniline, naphthylamine, etc. -The.secondary
amines include diethylamine, diisopropylamine,_ |
dicycthexylahine, oibenzylamine, bis(trimethylsilyl)amine,
morphorine, imidazole, indoline, 1ndole, pyrrole, 2,5-

1dimethylpyrrole, 3,4—dimethYlpyrrole, 3, 4~ dichloropyrrole,



'2i3 4, 5—tetrachlo£opyrrele, 2—acetylerrole, pyfazole,
pyrrolldlne, dlpyrrolomethane, etc.
The amldes usable in the present 1nventlon include

_metal amides derlved from primary or secondary amlnes, for
 example, amides obtalned from reaction of primary or
secondary amines such as mentioned'above with netals |
selected from IA, IIA, IIIB and IVB Gfoups of the periodie
table. E#amples of such metal amides are lithium amide,
_sodlum ethylamlde, calcium dlethylamlde, lithium
:dllsepropylam;de, potasslum benzylamide, sodium
bis(ttimethylsilyl)amide,.lithium indolide, sodium pyrrolide,
llthlum pyrrolide, pota551um pyrrollde, potass;um
pyrrolidide, d1ethylalum1num pyrrollde, ethylalumlnum
dlpyrrollde,-alumlnum trlpyrrollde, sodium 2,5—
dimethylpyrrolide, lithium 2, 5?dimethylpyrrolide; potassium
2,5-dimethylpyrrolide, potaSSLum 2,5- dlmethylpyrrolldlde,
dlethylalumlnum 2,5- dlmethylpyrrollde, ethylaluminum d1(2 5-
dimethylpyrrolide), and aluminum tri(2,5-dimethylpyrrolide).

| In the present invention, the secondary amines such'
as mentioned above, the metal amides derived from such
_seeondary amines, and mixtures thereof are preferably used.
Prefer:ed examples of such secondary amines are pyrrole_and
pyrrole derivatives such as 2,5—dimethylerrole, 3,4%
dimethylpyrrole, 3;s—dichloropyrrole, 2,3,4,5-

tetfaéhloropyrrble, 2-acetylpyrrole and dipyrrolomethane and



preférred examples of metal_amides derived from the said
.secondary émines are aluminum pyrrolide, ethylé;uminum
dipyrrolide, aluminum tripyrrblidé} sédium éYrrolide,
 lithium pyrrolide, poﬁaSsium pjrrolide, aluminum 2,5-
' dimethylpyrrolide, ethylaluminﬁm.di(2)5-dimethylpyrrolide),
_éluminum.tri(2,5—dimethylpyrrolide), sbdiule,S- | |
dimethylpyrfolide,.lithium 2;5—dimethy1pyrrolide, and
- potassium 2,5;dimethylpyrrolide.
Of these pyrroles, those_haVing a hydrocafboh group in the
pyrrgle ring are preferred.

Other amide and imide compounds usable in_the present'
invention include those représented by'the following

formulae (1)-(3):

o M |
- . Rl—(l!,-I!T-RZ . (1)
ooty
R*-N-C-A-C-N-R°> @
M

R®-50,-N-R’



In the formula (1) MLl is hyd:ogén'atom'or a metal
eiement selected from 1A, IIA.énd I1B Groups of the periodic
table; R! is hydrogen atom, C1-C3g alk?l group,.Cl-C30 |
_alkeﬁyl érqup, Cl-cso.aralkyl group, aryl group which may
_have'a substiﬁuent, or afyl grgup &hich may céntain a.hetero
‘element; RZ is hydrogen atbm, C,-C3g alkyl group, C;-Csg
alkenyl gfoup, C;-C3o aralkyl group, aryl group which may
have a subsﬁitueﬁt, aryl group which may contain a hetero
.elemgnt, or acryl group: -C(=0)R3 (wherein R3 may be
identicél with Rl or different from Rl); Rl énd RZ2 may form
a ring. |

In ﬁhé formula (2) M2 and M3 are eaéh hydrogen atom

or a metal element sélécted from IA, IIA andlIIIB Groups of
the periodic table; R¢ and 35 are each hydrogen atom or Ci-
Cszo aikyl group, Cl—ng alkenyl gr§up, C;-C3p aralkyl group,
aryl group which may have a substituent, or aryl group whiéh
-may contain a hetero element; R4land RS may fofm a ring; and
'.A'is alkylene group which méy contain an unsaturatéd bbnd.
In the forﬁuia'(B) M4 is hydrogen atom or a metal

element selected from IA, IIA and IIIB Groups of the
pefiodic table; RS is hydrogeh atbm[ C1-C3¢ alkyl group, Ci-
C3¢ alkenyl group,ftl-c3o aralkyl group, aryl group which

may have a substituent, or aryl group which may contain a



hetero element; R7 is hydrogén'aﬁom, C;-C3¢ alkyl group, C;-
Csp élkenyl group,-C1—C3o;aralkyl.group,_arjl group which
ﬁéy have a substituentf aryl group which may contéin a
hetero elemeot, or.sozR8 (ﬁhe;ein R® may be identioal with

‘RS or different from ﬁs); Ré and R’ may form a ring.

The_aﬁides represented by the formula.(l) or (2)
linclude aoetamide, N-methylhexaneamide, succineamide,
maléamidé, N-methylbenzamide, imidazole—z;carboxamide, di-2-
~thenoylamine, B-lactam, &-lactam, s4lactaﬁ, and salts
thereof with metals of IA; IIA or ITIB Gfoup_of'the beriodic
tabléf The imides répreSented by'the.formula_(l) of (2)
inClude'1,2—cyclohexanédicarboxyimide,lSucoineimide,
phthalimide, maleimido, 2,4;6—pipefidinetrione,
perhydroazesine-Z,10fdione, and salts thereof with metals of
IA, IIA or IIIB Group of the periodic table.
| The sulfoneamides and'sulfoneimides represented by
 the formula (3) include benzene'sulfoneamide, N-
methylmethane sulfoneamide, N-methyltrifluoromethane_
sulfoneamide, and salts thereof with metals of IA, IIA or
IIIB Group of the periodic table.

Of these amide'énq imide'compounds,.thoée represented
by-ﬁhe formula (1) are preferred, and the imide compounds of
the fofmula-(l) wherein R2 reﬁresonts acyl group: fo=O)R3,

and Rl_and RZ form a'ring,lare particulariy preferred.



The alkylaluminum compound (c) used as a constituent
of the catalyst system in the present invention is
preferably selected from those represented by the following

‘formula (4){_
Rlm AL(OR?) HoXy - | (4)

wherein Rl and.R2.mey be identical er different and each
represents usua;iy C1-Css hydrdcarbon ngup, preferebly Ci—
Cg hyd:oéarben group; X is halogen atom; m,'n, p and q are
numbers defined by 0<m=3, 0<n$3, 0=p<3, 0§q<3; and m + n
+p + .q = 3. | |
Thelalkylalﬁﬁiﬁtm'eompounds defined above include
'_'triaikylaluminum compdunds_fepresented by the following -
.fofmula (5), alkylaluﬁinum helides_repfesenﬁed by the
following fermula (6),.alkoxyalky1aluminum compounds
represented by the_folldwing formula (7), and alkyleluminum
Ihydrides represented by the following formula (Bf.' In these |

formulae, R!, X and R2 are as defined in the formula (4).

RiAL ' ' (5

RLAlX3_, (1.5Sm<3) (6)



R Al (OR?) 3_p

. (0<m<3, preferably 1.55m<3) (7)
Rl A1H;
(0<m<3, preferably 1.5=m<3) - (8)

EQamples of the abové?defined alkylaluminum compounds
.inclﬁde trimethylalUminum, ﬁriethylaluminum, |
triisobutylaluminum,_diethylaluminum monochloride,
diethylaluminum ethoxide, diethylaluminﬁm hydride, etc. Of
thése, trialkylaluminum is preferred because.of minimized
formation of by4product polymers. These alkyialuminum
compounds may bé used as a miXturé of two of mofe'of them..

The halogen-cqhtaining ¢ompound (d) used as another
constituent of.thé catalyst éystem in the ptesent invention
is pfeférably selected from those'containiﬁg an element of
IIIA, IIIB, IVA, IVB, VA or VB Group of the periodic table.
The halogen contained in the compound is preférably'chlorihe'
or bromine. |

Examples of such halogen-containihg cOmpounds are
sCandium chloride, yttrium chloride, lanthanum chloride,
titanium tetrathofide, zirconium tefrachléride, hafnium
'tetrachioride, boron £richl§ridé, aluminum chloride,

- diethylaluminum chiéride, ethyialuminum dichloride,

'ethylaluminum sesquichloride, gallium chloride, carbon
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teﬁrachloride,-chloroform, methylene chloride,
~ dichloroethane, trichloroethane, tetrachloroethane,
hexachlorobenzéne, héxachlbroethape, 1,3,5-triohlorobenzene,
hexachlorocyclohekané, trit?l ohloride, silane tetrachloride,
trimethylchlorosilane, germahium tetrachloride, tin.
ﬁetrachloride, tributyltin ch;oﬁide, phoébhorus_trichloride,
'antimonyitrichlofide, trityl hexachloroantimonate, antimony
pentachloride,_bismuth'trichloride, boron tribroﬁide,
aluminumltribromide, carbon tetrabroﬁide,'bromofOrm,
-bromobenzene, iodomethane, silicon tetrabromide,
lhexafluorobenzené, aluminum fluoride, allyl chloridé, 1,1-
dichloroaoeﬁone, 1,1,1-trichloroacetone, 1,1,3-
trichloroacetone, etc.

of these halogon—containing-combounds, those having a
large numbef of halogen atoms or those soluble in the |
‘reaction solvent are preferably used. Particularly
preferred.éxamples are carbon tetrachloridé, chloroform,
hexaohloroéthane, tetrachloroethane,.titanium tetrachloride,
germanium tetrachloride, tin tetrochloride, diethylaluminum
chlofide, ethylaluminum dichloride, ethflaiuminum
sesquichloride and the iike. These halogen-containing
-_oompounds may'bo used in admixture.

In the present invention, an a-olefin is Subjected to

"an oligomerization reaction using a chromium-based catalyst

such as mentioned above in a reaction solvent in an



oligomerization.reactor. Usually a tubUlaf reactor, or a
1single—'or multiple-stage mixing tank is used as the
' polymerizatidn.reactor. .The thbulaf reactor is basiéally a
~reactor in which the reactants afe introduced‘frbm an end of
._a.straight-tube, of a coiled or U-shaped bent pipe and the
_.reéction product is discharged from the other énd._
Multiﬁie-stage mixin§ tank is basically a reactér inIWhich
the reactanﬁs_are introduced into ﬁhe first of a plurality
of mixing tanks arranged in series aﬁd successively paésed
into_the sudceedihg tanks, and the reaction product is
discharged from the final tank. |

In the present invention, the oligomerizétion
~reaction is carried out in such a conﬁacting ﬁode thaf

before an a-olefin and a chromium-based catalyst are

contacted with each other, that is before the

oligomerization reaction is started with the catalyst
components (a) - (c) and'optiOnally (d) and the a-olefin

being allowed to exist together; the chfomium compound (&)
~and the alkyialuminum compound (c) do not come p:eviously_
into contact With each other. By employing such a specific
contacting mode, it is possible to carry out the desirea
ﬁfimerizatibn reaction with high activity and high
seiectivity to obtéin l1-hexene from the starting ethylene in

a high yield.



Aé to the said specific contacting mode, the
following various ways may oé exempiified{

(1) Method of,introduoing the_chromium_compound (a)
and the a-olefinlinto alsolution.COntaining the nitrogen-_
.oontaining componnd (b),_the alkylaluminun oompound.(c) and
_optionally; the halogén—containing compound (d).. |

(2) Method of introducing the alkylaluminum componnd

(c) and the a-olefin into a solution containing the

ohromium compound (é)( the nitrogen-containing compound (5)
and'optionally, the halogen—containinglcomponnd (d) .

- (3) Method of introducing the nitrogen-containing
compound (b), the alkylaluminum compound (c) and the o-

olefin into a solution containing the ohromium compound (a)
and optionally, the halogen-oontaining,compound (d) .
' (4)_ Method of introducing the chromium compound (a),

the nitrogen—containing compound (b) and the a-olefin into

a soiution containing the alkyléluminum compound (c) énd
optionally, the halogen-containing oompound (d) .

(5) Method of introdncing the d—olefin, the
alkylaluminum compound (c) and optionally, the halogen-
containino compound (d) into a.solution containing the
'jcnromium conpound (o) and_the nitrogen-containing conpound

(b) .



(6) Method of introducing the a-olefin, the chromium

compound (a) and optionally, the halogen-containing compound

~ (d) into a solution containing the nitrogen-containing

compOUnd (b) and_thé.alkylaluminum compound (c).'
(7) Method of introducing the ¢-olefin, the chromium

compound (a), the nitrogen-containing compound'(b) and

optionally, the halogén4containing cdmpound (d) into a

solution'containing the alkylaluminum compound (c) .

(8) Method of introducing the a-olefin, the nitrogen-

. containing compound (b), the alkylaluminum compound (c) and

opticnally, the halogen-containing compound (d) into a
solution containing the chromium compdund (a) .

(9) Method of introducing the a-olefin, the chromium

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

 .alkyléluminum compound (c) and optionally, the halogeh-.

containing compound (d) into a reaction system
siﬁuitaneously and independently of each other.

In eéch case, the said solution is usually prépared
using a réactioh solvent.

In the present invention, the expression "such a

'_COntacting mode that the chromium compound and the

alkylaluminum compound do not come previously into contact
with each other" means that such a contacting mode is _

maintained not only before the initiation of the



_'oligOmerization_reaétion but also during additional supply'
of a-olefin and catalyst'components into the reactor. But

fhis specific contacting mode is a mode-requiréd in catalyst
preparation and is of no Sighificahce after preparation of
the catalyst. Therefore, the catalyst recbvered from the
reaction system can be recycled to the reaction system
without'coht:adicting_the_said specific contacting modé.

The reason why the G-olefin oligomerization reaction

activity is reduced Whenlusing a chromium-based catalyst in
such_a manner that the chromium compound'and.the
alkylaluminium cdmpound.ére'previously contacted with each
éther is yet to be.accdunted for, but the following is
estimatéd.

It is considered ﬁhat whén a chromium compound and an
.alky;gluminUm compound are contacted with each othér, there
takes pléce,a ligand ekchange reacﬁion between the ligand
coordinating in the chromium compound and the alkyl group in
;he alkylaluminum.compouﬁd. The alkyl—chromium compound
produced'by this reaction is pér se unstable unlike the
alkyl-chromium compound obtained by the ordinary method.
Therefore, a'decompositibn/reduction reaction of the alkyl—
chromium compoﬁnd advanceé preferentially, thereby causing

demetallization unfavorable for the oligomerization reaction



of a-olefins, and this_presumably leads to a reduction of
the o-olefin oligomerization reaction activity.
 In the'present invention, substituted or non-

substituted a-olefins having 2 to 20 carbon atoms can be
‘used as starting da-olefin. Examples of such a-olefins are

ethylene, propylene, l-butene, 1—héxene, l-octene, 3—methyl-
l-butene, 4jmethyl—1—pehtene and the like. Ethylene is
particularly preferred aé its trimer l-hexene can be
produéed therefrom in a high yield with high selectivity.
As a reacfion solvent, there can be used éhain or
alicyclic saturated hydrcarbons having i to 20 carbon atoms,
such as butane, pentape,.3—methylpentane, hexane; heptane,
2-methylhexane, octane, cyclohéxane, methylcyciohexane,
2,2,4—trimethylpentane, decaliﬁ,'etc., and arbmatic
hydrb&arbons such aé benzene, toluene, xyléne, ethylbenzene,
mesitylene, tetralin, etc. These solvents may be used

either singly or in admixture.

As a reaction solvent,_it is possible to use thé o=
olefin supplied as reactant or other sources of a-olefin.
In-the'present inVention;'d-blefins.having 4f30 ¢arboh
atoms, preferably.é—oiefiﬁs_which are liquid at'ordiﬁary

temperature, are used as reaction solvent.
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It is preferred to use C4-Cig chain or aiicyclic'
"_éaturated'hydrocarbons as reaétion solvent,_bécauée use of
these sqlvents supprésées formation of.the by-product
polymers, and furthér when using an alicyclic hydroéarbon; a
high catalytic activity can be obtained.

In the present invention, the amount of the chromium

compound (a) allowed to exist is usually in a range from 1 x

10-7 to 0.5lmol, preferably from 5 x 10-7 to 0.2 mol, more
p;eferaﬁly from 1 x 1076 to 5 x 10-2 mol per litre of the
solvent. The amount of the nitrogen-containing compound (b)
is usuélly.in a range'from 1 x 10°7 to 0.1 ﬁol, pfeferably
from 5 x 10-7 to 5.x 102 mbl, mo;é preferably frdﬁ 1 x 10-6
to 1 x 1072 mol per litré;éf the sol&ent. The amount éf the
_alkylalumiﬁum compound (c) is usually in a rangé from 1lx
107 ,to 7 x 102 mol, preferably frbm 5 x 107 to 5 x 102
mol, more breferabiy'from 1 x 10-6 to 1 x 102 mol per litre
of the.solvent. The amount of the halogen—qohtaining
éompoﬁnd is ﬁsually in a range_fromll X 10;7 to 0.1 mol}
'preferably from 5 x 1077 to 5 x 1072 mol, more preferably
'frbm 1x 10;5 to 1 x 1072 mol per litre of.the solvent.
,In.the present invehtion, the molar fatiq of chromium
compound (a),'at lgasﬁ bne niﬁrogen—containing compound (b)
selected from the group consisﬁing of aﬁines,_amides and

'imides, alkylaluminum compound (c¢) and halogen—éontaining



compound (d) in the reaction system ({a) : (b) : (c) : (d))
is uswally 1 : 0.1-100 : 0.1-500 : 0. 1-100, preferably 1
0.1-10 : 1-100 : 0.1-20, .more'_ preferably 1 : 1-5 : 5-50 : 1-
10. Bylcombining.these'specific conditions, it is.possible

to produce the desired «-olefin oligomer, for example

‘hexene, in a yield of not less_than 90% by weight.based on
:the overall producticn. ~Further, the 14he£ene content in
the produced hexene.can be elevated to ﬁot less than 99%.

Reaction temperature is usually in a range from 0 to.
250°C, ‘preferably from 0 to 150°C, more preferably from 20
to_lOO°C. Reaction pressure can be selected from a range_
from ordinarylpressure to 250 kg/cm2 ,preferably 3 tc 100
kg/sz.. Reaction time is usﬁally in a range from one minute
to'20 hours, preferably from 0.5 to 6 hours. It is
advisable to let hydrogen'exist in the reaction system since
this leads to.an enhancement of catalytic activity and
trimer selectivity. The presence cf hydrogen is also.
helpful for reducing the by4product polYmers into a powdery
form with small tackiness. The amount of hydrogen_allowed to
exist.is usually in a rapge from 0.1 to 100 kg/cm?,
: preferably from 0.1 to 80 kg/cm2, in terms of.partial
pressure of hydrogen.

In the present incention, the catalyst cdmponents and.

the by-product polymer are-recovered simultaneously from the



oligomerization reaction solution. The recovery methodé
usable in the present invention include thé foilowing:

.1) The «-olefin oligomer is distilled awéy from the
oligbmerizatién reaction solution, and thé femaining by-
product polymer and catalyst éomponents are concentrated and
'recovered together.

2) The catalyst components and by-product polymer are
separated togethe? from the oligomerization reaction
sdiutién,.and then the a-olefin oligomer is_disti;led'away
from the reaction solution.

In the conventional a-olefin oligomer prbduction

process, the by-prbduct polymers and the catalyst coﬁponents'
are sepa?aﬁéd by the ;eparate operations. In this case, a
 solid/liqﬁid separator for thé by~product polymers is
fequired separately from_the one used for sepafatidn of the
' metal components, resu;ting in a complicated process and
high eqﬁipment cost. Also, it becomes very difficult to
separate the me;al components which have been metallized
due to the'heat history applied duriné'distillation
separation of the compohents.ih'the reaction solution. For
~ instance, when it is tried to separate the high—boi;ing
compbnents and the metal components by utilizing a'heating
evaporator, it proéés substantially unable to separate the

metal components since they are deposited on the heating
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 aréa bf the'evaporétor. Fﬁrthér, the metal'components-
déposited on the heating aréa tend to'interfere Qith running“
.of the_evapérator.' |

On the other hand, accqrdiné to a method of the
-présent invention, for insﬁance, inlthe above-mentioned
method 1),_since.£he by—produét pclymér.is concentrated and
recovered together with the caté;yst éomponents} the
'catalyst cbmponents can be very easily recovered owing to
plasticity of the by-product polymer. Furthér, it is
posgéble to dispénse with the solid{liquid separator for the
.'by-product polymer, thereby allowing.a sqbstantial
simplification of the process. |

In the above—mehtioned méthod 1) of thé preseht
: invention, ;he concen£ration and recovery of the”by-pfoduct
polymer and catalyst components can be accomplished
‘simultaneously with simple distillatibn separation of the
- “whole low-boiliné compohents from the degassed reaction
.solUtion. It can also be accomplished simultaneously with
finai distillation sepafation in case where the component
_ materials are distilled and.separated successivéiy from the

degassed reaction solution. For instance, in case where the
'starting_a—olefin is ethylene, l-hexene is obtained as the
oa-olefin oligomer. - In this case, ethylene is removed from

the reaction product, and then l-hexene and the solvent are
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distiiled away from the.reaction solution While the:catalyst
.components'are concentrated and recovered together nith_the_
'by-product polyethylene. The concentrated so;ution |
containing the.by—product'polymer and catalyst components
may be discarded in'thelform as it is.

In the present invention, at least part.of;the byf
;product polymer and at_least part of the catalyst components
are_recovered simultaneouslv; but it is preferable to
conduct snch simultaneous recovery for all of the catalyst
components, more preferably for all of both by—product
polymer and catalyst components. In either case, the
catalyst components concentrated and recovered together with
"the by-product polymer.in the distillation separation
operation are preferably furtner concentrated by a heating
evaporator, tnereby recovering the catalyst components.l

' It is possible.to use known.heating evaporators such
as a thin;film evaporator having a scraper blade which turns
along the heating area in the cylinder; or an'evaporator
incorporated with a plate fin tvpe heater. In the latter
evaporator, a hlgh viscosity fluid can be heated
1nstantaneously by the fins arranged at hlgh density to
allow_efficient removal of the volatile substances contalned '
in the fluid.. A typlcal example of this type of evaporator
ig-"Hiviscus Evaporator" (trade name, manufactured by Mitsui

Zosen Co., Ltd.). According to the heat;ng evaporator, the
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by-product polymer and caﬁalyst.componenté concentrated by
the builtfin plate fin4type'heater fibw_down:from the bottom
‘of the evaporator due to plasti¢ity of the by—product
'poiymer, S0 that_they can be:éasiiy recovefed by cutting
them in a properly co§led state.

. An espécially.recommendéble heating evapdrator used

.in'the presént_invention is a monotube e&aporator provided:
_f with a heating'pipe having a sufficient length and a
recovery tank which is capable of rétainihg a vacuumized
state. An example of this type of evaporators is "CRUX
SYSTEM" (trade name, mahufactured by Hosokawa Micron Co.
.Ltd.).. In this mohotube evaporatqr, the concentrated
solution formed on he;ting_and evaporation by the heating
pipe is injected into ﬁhe recovery tank at é high speed
substantially‘equal to the acdustic velocity to efficiently
remove the volatile subsﬁances contéined_in‘the concentrated
solution. The by-product_polymer'and catalySt'c¢mponehts
'cdncentréted in the recovery tank flow down from the bottom
of.the recovery taﬁk due_toiplastiéity of.ﬁhe by-produbt'
polymer,.so that they éan be easily reCOVered by cutting
them'iq a prdperly cooled state.

In the above—mentiéned;method 2).°f theléfésent

invention, the catglyst components and by—pfoduct polymer
are precipitated aﬁd they can be separated simultaneously

with a single solid/liquid separator, so that the process



' can be'remarkably simplified and a stable.operation is
ensured without causing contamihation of the distiliation
tower.

| | In the method:2) of the present invention, the
-reaction SOlution discharged from the reactor is fed into_a
dega331ng tank where the solutlon is degassed and the by-
) product polymer dissolved thereln is prec1p1tated During
thlS operatlon, the reactlon solutlon needs to be
malntalned at a temperature less than 80°C. If the solution'
temperature is not less thah 80°C, the by—product polymer
may be dissolved in the.solution.

lfhen the catalyst'oomponents in the reaction solution

are precipitated ' Varlous prec1p1tatlon methods are
available, such as subjectlng the reactlon solutlon to an
 oxidation treatment with an oxidative gas or an OdelZlng
agent; or subjecting the reaction solution to a reducing
treatment with a reducing agent.

| In case of conducting an okidation treatment with an
oxidative gas, there oan.be used oxygen, ozone,_chlorine_
dioxide (Cloz),.chlorine, nitrogen oxide (N,0, No; N,03 and
N,04) and the like as oxidatiVe.gas,'but oxygen or a.miXed
gas.of oxyoen ahd.an inert oas is preferred, ahd air is most
recommendable for_the reasons.of economy and safety. The
oxidation treatment with an.oxidative gas may be implemented

by various methods such as (A) retaining the reaction
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soiﬁtion in an oxidizing gaé atmoéphere; ér (B) introduCiné'
an oxidizing gas into the reaction solution. |

In the abové-méntioned method (), the.reaction
soldtién is retained in an oxidizing gas atmosphere Qith a
concentration of 0.1 to 100-vol%,'preferably 0.1 to 20 vols
at a temperatufe of 0 to 100°C, préferaﬁly 10.to 80°cC f§r a
period of 0.02 to 50 hours, preferably 0.5 to 24 hours.

In the above-menﬁioned method (B), a 0.01 to 20 vols,
_preferably 0.1 to 10 vol% oxidizing gas is introduced
| bubp;ing into the reaction solution at a temperature of'Q tﬁ'
100°cC, preférably 10_to_80°c, for a period ofIO.Ql to:50
hours} preferably 0.01 to 2 hburs.

In either of these methods, it is important'to select
the conditions that minimize formétion of the peroxides from
the above—defined ranges. The oxidation treatment of the
.reaction solution may be éar:ied out in the,presenCe of an
antioxidant sb as not to allow formatioh éf pgfoxides.
Various types of antioxidant, such as quinones, aromatic
amines, phenol derivétiveé,.phosphonic acid este:s,fsulfur
compounds, phosphorus compounds,lSulfur-phbsphqrus compounds,
dialkyl selenide, phenothiazine and the like may be used for
the treatment. The oxidizing gas’may_be diluted with an
inert gés such as nitrogen or'argon gas.
| In case of éonducting an'pxidation treatment with an

oxidizing agent, various types of known oxidizing agents may
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be used, which include, fbr.exahple, sulfur; peroxides such :
as hydrogen peroxide; various salts of heavy metal.ions
(silQer (1), silver (II), lead (IV), etc.) with very low
: ionization tendency; vérious salts of metal ions (iron'(III),
cobalt (III), chrome (VI), manganese (III), cerium (IV),
etc.) which can have various valénces,'and oxides thereof.
Of these substances,,silﬁér (I) salt; cobalt (III) salt, |
éhrome (VI) sait, mangaﬁese (Iii) salt, cerium (IV) salt and
sulfur are preferred because of ease of treatment and safety.

The oxidation treatment_with an oxidizing agent is
preferably carried ouﬁ,in an inert gas (such as nitrdgeﬁ,
etc.) atmosphere aﬁ 0 to l00°C, preferably 10 to 80°C for
about 0.1 to 48 hours, preferably about 0.25 to 24'hoﬁrs.
It islconsidered that by this oxidation treatment, thé
chromium éompound in the reaction solution is oxidized to
cause' a change of form of the catalyst and a drop of
solubility, thereby inducing'precipitation'of the catalyst
componenté. |

In case of conducting a reductién treatment with_a.
reducing agent, various types of known reducing agénts can
be used, which.inclﬁde zinc,ISOdium, potassium, magnesium,
etc. Ziné apd magnesiuﬁ are preférred for the reasons of
ecénomy, ease of treatment and safety.
| _ Thé redﬁctién treatment with a reducing agent is

preferably carried out in an inert gas (such as nitrogen,
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etc.) atmosphere at 0 to 100°C, preferably 10 to 80°¢ fof
about 0.1 to 48 hours, preferably about Q.25 to 24 hours.
As-the'reaction solution is_contacted'with the redﬁcing_
aéent,'the chromium compouno'is precipitated and can be
removed as the obtained precipitate..'

Since the catalyst components are precipitated by the _
.above'oxidation or reduction treatnent, the catalyst_
components can be separated and.removed simultaneously with
the'by—product polymer in the reaction solution; Separation
of the precipitated catalyst components and by-product
polymer can be accomplished'by using a known SOIid/liquid
separator, without causing dissolution of the by—product]
polymef. A filter or a centrifﬁgal separatof'is preferably
used as solid/liquid separator.

l_In a prefe:red embOdiment-of the above-mentioned
method 15 in the present invention,.in order to effectively
conduct the simultaneons recovery process of the by-product
polymer and the catalyst components by taking advantage of
plasticity of the by-product polymef, both.by-product
polymer and catalyst components are maintained in a
dispersed state in the reaction solution in the process line
from.the outlet of the olioomerizstion-reactor to the inlet'
of the distillstion tower, thereby preventing loss of the
said both substances till reaching the said simultaneous

recovery process. ‘The “dispersed state” referred herein
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includes not only a usual éuépension state.but'aléo a.sqived
state. 1In this embodiment, it is possible to avoid vafious
_ﬁroubles resulting from depbsition or precipitation_of the
said-substanCes in thé pfocess line (inciuding aqceésory-
.equipmént such as piping and distillation tower).

Various methods, especially those mentioned below,
.can be used for maintaining the by-product polymer and
catalyst componenté'in a dispersed state in the réaction
solution.

(I).Method of maintaining the temperature of the
reaction solﬁtion.in the process line from the outlet of the
'oligémerization reactor to'the inlet of the distillatioﬁ
tower at a level not causiﬁg precipitation of the by-broduct
polymer. |

(IT) Method of.introducing hydrogen into the gas
phasefin.the oliéomerizatién reactor.

(I1I) Method of adding a éompound soluble in the
reaction solvent and having a bondihg ability to chromium
into the reaction soiution.in the process line from the
outlet of the oligomerization'reactor to the inlet of thé
distillation tower.

Addition of an ahtistatic agent to the reaction
solution, which has already béén proposed in the art 6f a-

“olefin oligomerization, is also a recommendable method.
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:Thezébove—mehﬁioned méthod (I) is one fof maintaining
the'diS§ersed_staté of principally the by-produgt boiymer in
the reaction solution. In this method, the reaction o
 solution-is maihtained_at_a tempefature which'does not cause-
preéipitaﬁian of the by-produétlpolymer, usualiy.nbt less
~than 805C or above; preferably_SOlto 200°C, more pieferably
100 to 150°C. Even when altemperature of 100 to 150°C, ﬁost
preferred for the purpoée 6f_;he method, is adopted, the
reactioﬁ performance is not reduced since such temperature
is applied to the reactidn_solutioﬁ discharged frdm the
oligomerization reactar. | o

The above*mentibngd method (II) is one fbr'
maintaining the dispersed state of the by-produc; polymer in
' the reaction solution by turﬁihg the by-product polymer into
‘a powder form having smail tackihess; This method also
contributeé to the enhanéeﬁent of catalytic activity ahd
trimef.selectivity. The amount of hydrogen allowed to exist
iﬁ the_oligomerization reactbr in,this method is usually in
the range 0.1 to iOO kg/Chz, preferably 0.1 to 80 kg/cm2 in
terms of partial breSsure,of hydrogen; and in the rangé 0.1
‘to 30 vol%, preferably 0.1 to 15 vol% in terms of hydrogen
conéentration in the gas phase in the reactor.

The above-mentioned méthod (III) is one for

maintaining the digpefsed stéte-of.principally thé catalyst -

components in the reaction solution. This method also has
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the effect df maintaining diSpérsién of the byfproduct
polymer by converting it into béwdery form'haviné a’smail
tackiness. As the compound soluble in the reaction solvent
and having a bonding ability to chromium (this compound |
being hereinafter referréd to as metal solubilizing agent),
tbere.is usually used a low-ﬁolecﬁlar weight cqmpound having
.a_-X-H_functional group (wherein X is hetero atom and H is
hydrogén atom) or a lOw-leeéular weight compound having én |
activeimethylene_group. Exampies of the former compound.
inciude alcohols, phenols, carboxylic acids, pfimary or
sécondary amines, and ammonia, 'Aﬁ example of the la;ter
édmpoﬁnd is acetylacetone.

. The said alcohélé inqlude methanol, ethanol, prépahol,
butangl; pentanol, hexanoi, heptanol, octanol, nonahol,
| decanol, beniyl alcohol, éthylene glycol, trimethylene |
glycol,'and'propanedioli The said phenolé include'phenol,
cresol, and hydroquinone. Examplés of the said carboxylic
acids include acetic acid,.prOpionic acid, but&ric acid,-
valeric acid, hexanoic acid, heptanoic acid,'ogtanoic acid,
nonanoic acid, decanoic acid, benzoic -acid, phenylacetic
acid, éhthalic acid, malonic aéid,;suécinic acia, glutaric
_acid,_adipic acid, acrylic acid,.maleic_acid, fumaric acid,
and salicyiic acidi The amines mentioned above as a-
catalyst constitueﬁt may be éited as typical examples of the

said primary or secondary amines.
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The percentage of the metal solubilizing agent ﬁéed
may be selected frbm a wide range from a trace amount to a
solvent equiﬁalent, but it'is'preﬁerabiy in a range from
Q.OOl.to 50% by weight, more prefe;ably 0.01 to 10% by |
weight'in terms of concentration in the soivent. The
-timing'of addition cf;the'séid metal solubilizing agent may
be at_any stage before distillatibn separation of each |
coﬁponent in the reaction solution. In'case where a plural
number of distillatioh separation steps are involved; the
Saiq_métal solubilizing agent may be added immediately
' before the final distillation step whére metallization of
_ the metal éubstances is most likely to take place, but it is
preferably added immediateiy after the feacﬁionlpfocess.

In this embédiment of the present invention, the
reactigﬁ.solution discharged from the pligqmeriiation
" reactor is fed into a degassing tower.to recover the

unreacted portion of o-olefin. Thus, in this embodiment,

the degassing of the reaction solution is conducted prior to

other unit operations. In the conventional industrialized
a-olefin oligomerization procesé, unlike~in the said
embodiment of the presentlinvenﬁion; séparationlbf the by-
product polymer has beén cénductéd separately from the
catalyst componenté by using a sblid/liquid separating

apparatus. In such conventional proceés, separation of the
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by-product polymer is carried bﬁt with the préésu;e.in the
reaction sysfem maintained substéntiaily unchanged. This is
' for the reason that in the pfoduétion of l-hexene by the |
séidlconventional process, the'yield of i-hexene ié not
_suffiqiently high.and the process is atfended by_fofmaticn
of 'a large amdunt {(not le#s thah about 15 wt% ) of.loﬁ-
boiling point by-product substancel(l-butene), so that if
'thé pfessure in the reaction system is reduced ciose to
ordinary pressure aftér the reaction, the cooling load
necessary for distillatiQn separation of l-butene (boiling
point:'f6;47°C) from the unreaéted ethylene is_increaéed.

Therefore, in the Said'COnventiOnal process, the
separation of the by—pfoduct poiymer is Conductéd aftef the
reaction withbut lowering the pressuré, and then l-butene is
.separated by distillatioh, with the pressure being reduced
gradﬁally in the énsuing unitloperations; However, thié
method of separating the by-prodﬁct polymer under pressure
haé many disadvantages such as necessity of a specific
_solid/liquid separatof,'poor ope:ation efficiency, énd
sometimes clogging of the solid/liquid separator with the
by-product polYmef. |

Iﬁ contrast, in an oligomerization of a-olefins by
use of a specific thomium—based'catalyst system of the

present invention, the formation of the a-olefin oligomers



othér than 1—hexene,'espécially l?butehe; is reduced and 1-
. hexene can be obtained in a high yield, so that there is no
need of recovering l-butene, and_even;in case it is

- recovered by ordinary.preéSﬁré distillation,lthe coolihg
1oad_necessary for distillatibn separation is markedly
llessenéd. Consequently, it ié possible in the_procéSs of
the present invention to ¢arry out degassing of the reaction
.solution before other unit opefations. This leads to the
.advantages that the complicated.steps in the'séid |
convgntional.process and its disadvantages mentibned abbve
can be eliminated, and the sﬁcceeding unit operations can be
cdnducﬁed at a pressure close to ordinary pressure at which
the operation efficiency is high;

In this embodiment of the present invention, the
degassing of the reaction solution is cé;iied out by
lowering the preéssure usually to not more than lS’kg/csz,
but in view of the régulations oﬁ handling of pressure
vessels, it is preferable to reduce the pressure to not
more than 1.9 kg/csz. Even more preferably, the pressure
-ié redﬁcéd to not more than 0.2 kg/csz as it is péssiblé to
conduct the substantially samejoperations as it is under
ordinary preséure. |

Then the reaction solution from the degassing tower

is suppliéd into a distillation tower and the prOduced’a4 -



_olefiﬁ éligomer is recovered as.disiilléfe_while the by4 .
_ prbduct pdlymer ahd_catalyst compénents are congehtrated.and
recovered as bottoms. In fhe present invehtion,l
cbncentration and séparation 6£ the by4product polymér and
cétalyst comppnents from the reaction éolution can be
conducted simultaneously with single Qistillation separation
éf_the_whole_lowéboiling substances from the degassed.
reaction sqlution, or_performed simultaneously with fiﬁal
.run of distillétion in case the fespéctive.substances afe
dis?@lied and separated successiﬁely'from the degassed
reaction so;ution.- ' |

For instance, in case where the G-olefin is ethylene,.
1—héxene'is obtained as q—olefin.oligomér, and in this cése,
the reaction solution is first degassed and then l-hexene
and.sglvent are distilled and separated from the reaction
solution while the catalyst compohents are concentrated ahd
separated.togeﬁher with the by-product polymer. Thus
obtained concentrated.solutioh containihg the by-prOduct
polymer and cﬁtalyst compbnents may be discarded in_the-form
as it is; | |

As_descfibed above, agcqrding to.the process using
the éhrdmium-based catalyst system of the present inveﬁtion,
1-hexene'éan be.obtéihed in a high yield while formaﬁion of

by-product i-butene is mihimized, so that by treating the
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reaction solution from the deéassingitower by a single
distillation tower, it can_'be separated into.l-hexene,
-reaetion soivent.and high'boiliﬁg point'preducts containing._'
byfproduct polymer and_catalyst eomponents. Tﬁus) a p:dcess
with maximized simplicity and high economical'efficiency.is
reaiized. | | |

The recovered:a—olefin_oligomer is pufified as
desired. Distillaﬁion ie-usually used for purification,
whereby the objective subetance can be recovered ﬁith high
purity{ According to the process of the present invention,
it is possible to produce, in particuiar, high-purity 1-
hexene from ethylene in an industrially advantageous.way.
From 1—hexene obtained according to the procees of the
present invention, there can be produced a useful resin L-
LDPE by a polymerizatipn reaction using a_known
polymerization catalyst. |

The process aecqrdingito the present invention is an

industrially advantageous'precess for the preparation of o-

olefin oligomers by use of a chromium-based catalyst, which
process is simple and capable of efficiently Separating the

by-product polymer together with the catalyst components.
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EXAMPLE
The present invention is eXpiained;in more detail in

lthe”following'exampleé_and.compérative éxamples, but it
should be noted thét the scope of the present invention is
lnot_limited to these examples.
Examgle 1

| Continuéus oligomerizatioh réaction of'ethylene was
carried out using a produqtidn éystem comprising a
cén@;nuous stirring ténk'reactof, a degassipg tank, an
-ethylene distillation tower, a hexene distillation tower, a
heptane distillation tower and an éﬁaporator, with a
comprgssor_fdr circulaﬁing.degassed ethylene to the.reactOr
being'proyided betweeh the séid reactor and degassing tank.
A 20+litre auﬁoclave having fWo feed pipes was used as
continhuous stirring tank reactor, and "Hibiscuss Eavporator"
(trade name, manufactured by Mitsui Zosen Co., Ltd.) was
used as evapérator. The ethYlehe distillétioﬁ tower had 15
plates, while the hexane distillation tower_and the heptane
‘distillation téwers each had 20 plates. |

An n—heptané solution of chromium.(III)'Z-

ethylhexdnoate and an n—heptane_solutipn of 1,1,2,2-
tetrachloroethane were conﬁinucuély supplied with ethylene
from oné of the feed pipes of the_feacto;, while an n-

heptane solution of 2i5-dimethylpyrrole and an n-héptane'



“solution of triethylaluminﬁm_were supplied_continuously from
.thé other feed pipe. | |
| ,Thé reaction.solution diséharged continuously from
 the reactor was éupplied into the degassing tank. The .
: degasSed'reaction solution was treated in the ethylene
‘distillation tower, the'hexene“distillation and the heptane
diétillation tower successively. The bottoms of the heptane
.distillation tower was fed into ﬁhe evaporator and |
.concentfated. In the evaporator, the'evaporated high
boil;ng point producté wefé_éondensed and recovered, while
the concentrated catalyst compdnents énd by-product pblymer
o Qere cooled and reco#ered as solid. Meanwhile, ethylene
degassed ih the degassing tank was pressurized by_the
comﬁressor and circulated béck to the reactor.'.n—Heptane
sebarated in the héptane distillaﬁion tdwer was also
circulated b#ék to the'reactor'through a circulation pipe.
The operating conditions of the respective process
uniﬁs are.shown in Table 1; and the mass_balance in_thé

process is shown in Table 2. 1In Table 2, Cr(2EHA); denotes

" chromium(III)-2-ethylhexanoate.
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Table 1

Reactor R o | 80°C x 35 kg/cm?G
Degassing tank : 40°C x 5 kg/cm2G

Ethylene distillatibn tower
Top pressure | 5 kg/cm2G

“Reflux ratio (R/D) 0.5

Hexene distillation towef
Top pressure 760 mmHg

Reflux ratio (R/D) -1 3.0

Heptane distillation tower

Tép pressure: | _‘. 760 mmig

Reflux ratio (R/D) | | 3.0
'.Evaporator:

Heating area 0.125 m2

Heater tempeféture | 230°C

Flash drum pressure _ 100 mmHg
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Table 2
Reactor. Degassing | Deheptanated
_ .tank _"SOlutidn
| 56.1 kg/hr | 22.6 Ko/hr | 1.31 kg/hr
s salt (opm 20.0 33.1 120
2,5;Dimethylpyrrole
 (ppm) ©11.9 13.7 71.1
Aluminum salt |
| (épm)*z 71.1 82.3 427
Tetrachloroethane
(ppm) 34.9 40.3 209
Heptane.(wt%) 30.9 35.8 -
Ethylene (wt$%) 13.6 - -
l-Hexene (wt%) 50.5 58.4 -
High boiling point
products (Wwt%) 1 4.99 5.77 99.8
Polyethylene (ppm) | - 105 109 1574

(Note): *1: calculated as Cr(2EHA)j

*2: calculated as triethylaluminum




Table 2 (continued)
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High
bgiirilf__‘g Solids
products -
1.30 kg/hr 2.8 g/hr
Cr salt (ppm)*l - 5.66 wt%
| 2,5-Dimethylpyrrole
(ppm) 71.2 -
Aluminum salt
(ppm) *2 - 20.1 wt
Tetrachlofoethéne _ .
(ppm) 209 -
Heptane (ﬁt%) - -
Ethylene (wt%) - - -
l1-Hexene (wt%) - -
High boiling point
products (Wt %) . 99.9 -
Polyethylene (ppm) - 74.2 wt%
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'In-the evaporator-operation_in the_above process,.
since the metal;COntaining:catalyst components formed a
concentrated mixture wrth by—product polyethylene, the
.concentrated mixture dropped grav1tationally from the
heating area due'to polyethylene plasticlty, and then were

cooled and solidified.

Example 2

‘Continuous oligomerization of ethylene was carried
out under the'same.conditions as in Example 1 except that
chloroform was used in place of 1,1, 2'2—tetrachloroethane.
The mass balance in the process same as in Example 1 1s
shown in Table 3. The operations in the process could be

conducted continuously with hlgh stability as in Example 1
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Table 3
Reactor Degassing Deheptanated
| | tank ‘solution
35.0 kg/hr 30.3 kg/hr 1.45 kg/hr
Cr salt (ppm)*! 22.0 25.4 159
2,5;Dimethylpyrrole ' -
| (opm) 13.0 15.1 94.2
Aluminum_salt |
opm) *2 78.2 90.5 - 565
- :Tetrachloroethane |
(ppm) 38.3 44.3 2717
Heptane (WL3) 1.3 47.8 =
Ethylene.(wt%) 13.6 - -
1—Hexéne fwt%) 41.0 47 .4 -
lHigh boiling point |
| products (wt%) 4.07 4.71 98.0
Polyethylene (Ppm) 1054 | 1097 1.90 wt%

(Note) : *1: calculated as Cr(2EHA);

*2: calculated as triethylaluminum
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3 (continued) -

~High
bgiiigg Solids
‘products
1.42 kg/hr | 28.7 g/hr
Cr salt (ppm)*? - 0.80 wt%
12,5-Dimethylpyrrole _

{ppm) _ | 96.1 -
Aiuminum salt

(ppm) *2 - 2.86 wt%
Teﬁrachloroetpahe ,

(ppm) 283 -
Heptane (wt%) - -
Eihylene (wt%) - -
1-Hexene (wt$%) - -

High boiling point
products;(wt%) 99.9 -
Polyethylenéj(ppm) -

- 96.3 wt%




Example 3

Continuous Oiigomerisatioﬁ of etﬁylene.was carried
out under the Same conditions as in Example 2 except that a
monotube evaporator “CRUX SYSTEM" (trade name;_manufactured
by Hosokawa Micron Co;, Ltd.) provided with an 8-m long
heatlng plpe and an evacuatable recovery tank was used as
‘evaporator. The evaporator operatlon was conducted at a
'heating pipe temperature of-200°C, a recovery tank
temperature of 150°C and a recovery tank pressure of 200
Torr: The mass balance in the process same as in Example 1
is shown in Table 4., The process could be operated

continuously with stability as in Examples 1 and 2.



(Note) : '*1: calculated as Cr(2EHA);
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-Table 4
RéactOr Degassing Deheptanéted
| tank solution
_. 36.1 kg/hr | 31.2 kg/hr | 1.53 kg/hr
cr salt (ppm 26.0 30.1 184
2,5—Diméthylpyrrole .
(ppm) 15.4 17.8 109
Aluminum salt: - _
(ppm) *2 92.5 107 656
Tetrachlordethahe _ —
(ppm) 45.3 52,5 321
Heptane (wt%) 41.1 47.6 -
Ethylene (wt%) 13.6 - -
T-Hexene (wt®) ~41.0 77.4 =
High boiling point '_ |
products (wt%) 4.07 4.63 94.6
| Polyethylene (ppm) 3000 3125 5.32 wt%

*2: calculated as triethylaluminum
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" Table 4 (continued) .

High

bgiiigg Solids
products - '
1.45 kg/hr | 82.5 g/hr
Cf salt (ppx'n).*.1 _ - .-0'341 wtd
2,5-Dimethylpyrrole
(ppm) 116 -
.Alﬁminum salf
' (ppm) *2 - 1.21 wt$
Tetrachloroethane |
_ (ppm) ‘ .340 -
Heptane (wt$%) - -
Ethylene (wt%) - -
1-Hexene (wt%) - -
High boiiing point |
products (wt%) 99.9 -

Polyethylene (ppm)

98.4_wt%




Comparative Example'i E

1-Hexene was produced COhtinQOUSly accordihg to the
same proCedure as ih Egémple'i except that a filter was sét'
between,the'decassing tank’and the.ethylcﬁe distiilation
tower, and the degassed reaction solution was filtcred_to
.separate the by-product polyethylene. In the evaporator
bperatioh,_the'metal—containing catalyst componenté were
resinified and depcsited on the heating area,'theréby making

it unable to carry on the operation.

' Example 4

The same procedurc aslin Example 1 was carried out
except that a Zflitre autcclave having two feed pipes wés
_used as reactor, and Lhat én octanic acid (2—e£hylhexanoic
ac1d) was contlnuously supplled into the dega331ng tank as
metal‘solublllzlng agent The operations could be conducted
continuously with stablllty in the process. A part of the
-degassed reacticn solution.was sampled out and filtered ﬁo
_determine the shape of the by-prdduct polyethylene. It was

powdery.



The compésitions of the SOiutions'discharged from the
reactor and the deéassing tank respectiVély are shown in
Table 5. The concentration of octanoic aqid in the
degassing tank shown in ‘Table 5 is 0.022 wﬁ% when converted

to concentration in the reaction solvent.

Table 5
Reactor | Degassing tank
[~ 2,611 g/nr | 2,256 g/hr
Cr salt (wﬁ%)' 0.002*%1 _ 0.0-028*1
2,5-Dimethylpyrrole . _
(Wt %) _ . 10.001 . 0.0017
Aluminum salt (wt%) 0.009*2 : 0;0010*2
Tetrachloroethane
» (wt%) ' 0.004 . | 0.0050
Heptane (wt$%) 30.9 : 35.90
~ Ethylene (wt®) — 13.6 | =
1-Hexene (wt®) | 50.4 | 58.30
High boiling point
products (wt%) 4.99  5.760
Polyethylene (wt%) | 0.010 | - 0.012
Octanoic acid (wt#%) | - . 0.008

(Note) : *1: calculated as Cr(ZEHA)3

'*2:-¢a1culated as triethylaluminum
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 The bottoﬁs of the heptane distillation tower was
-_.sampled out ahd.aﬁalyzed:tq determine the'precipitatea
‘‘metal substancés; There was detected substantiaily no
precipitated metal éuﬁstance; The anaiysis for determining
the pfecipitated mefai éubstances was conducted in the
fdllowingﬂway.. The sample was filtered by a filter paper
(54), the filtér_paper surfaée waslwashed with an n-heptane
.soiution and then with a 10 wt% aqueous nitric acid solution,
and the goncentrations qf the metal substances iﬁ the ”
aqu?gﬁs nitrié acid solution we;elmeésuréd by high—freqﬁency
~plasma emission spectroscopy. |
'Examples 5-8
| 1-Hexene was produced continuously according to the
same prpcedure as in Exampie 1 eXéept for using l-hexanol
(Example 5), hexylamiﬁe (Exampie_6); ammonia (Example 7) aﬁd
acetylacetone (Example 8) as the metal_solubilizing agent to
be.added to the degassing tahk.. In any:of these exambies,
the metal solubilizing agent was added in such an amount
that the_concentra;ion of the égent in the reaction solvent
in the degassing tank would become.0.022% by weight. The
bottoms'of the heptane distillation tower was sampled out
and analyzed for the precipitated.metal substances in the
same manner as in EXample'4. There ié existed substantialiy

no precipitated metal substance in each example.
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'Exémglg 9

‘Continuous production of l-hexene was carried out
aéco:din§ to_theISamé procedufe as in Examﬁlé 4 except that
no 2-ethylhexanoic acid was supplied to the degéssing tank.
The bottoms of the heptane distiliation tower was sampled
out énd analeed fér the prééipitatéd metai substaﬁées in |
the same way as in Examplé 4. As a result, chromium was
'detected in an.amount_equivalent to 96.3%'by weight based'on'
the gmounf supplied to the readtof. The.precipitated
chromium was maintained in a dispérsed state in the piping;
The catalyst components and the byép;Oduct polymer were |
concentrated simultaﬁeously in thé evaporator and then
cooled and sdlidified: A part of the degassed reaction
solutioh was sampled 6ut-and filtered to determine the éhape
of the 5y—product bolyethylene; .It was film-like and

adhesive.

Example 16

Continuous oligomerization reactioﬁ 6f'éthyiene was
carried oﬁt usiné a production é process system comprising a
continuous stirring-ténk'reacto:, a degaésing tank,:a 30—
plate distillation tower having two side stream outlets, and
| an evaporatdr, Witﬁ a compressor for circulating the

. .

degassed ethylene to. the reactor being provided between the



said.reactor and'degassing tank. :A 20;1itre autoclave

| having two feed pipes'was used as COntinuous stirring tank
reactor, and a monotube evaporator "CRUX SYSTEM" (trade name,
_manufactured by Hosokawa Mlcron Co., Ltd ) having an 8-m
long heatlng pipe and an evacuatable recovery tank was used
as evaporator.

Annn-heptane solution'of.chromium (III)—2-.
ethYlhexanoate(a).and an n-heptane.solution'of'l,l,2,2—
tetrachloroethane (d)were continuously supplied along with
ethy;ene from one of the feed pipes of the.reactor, while an
n—heptane_solution of 2,5-dimethyipyrrole (b) and an n-
heptane solution of triethYlalnminum {c) were_supplied-.
continuously from the other feed pipe. The molar ratio of
(a) : (b) ¢ (c) : (d) was 1 : 3 : 15 : 2.

The reaction solution discharged continuously from
| the reactor was heated to 100°C by the heater prov1ded
between the reactor and the degassing tank, and supplled
into the degassing tank. The degassed react;on solution was
fed into the distillation.tower_and the bottoms thereof was
Supplied into the evaporator_and concentrated. TheISolvent'
n-heptane was recovered by taking it out”from the side"
~stream outlet in the eighth'plate_from botton of the
distillation tower while the prodﬁct.hexene was recovered by

taking it out from.the side stream outlet in the 26th plate.
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From the tewer top, the substanees having lower boiiing
points than hexene were_distilled'dut and recevered.

The high boiling point pioducts evaporated in ehe
evaporation were recovered by condensing the substances, and
the catalyst components conceﬁtrated together Wiﬁh the by-
_prqduct pelyethylene were recoverea frem_the bettom of the
reco?ery tank ee solid. On the other.hand) degaesed -
ethylene was preseurized by the compressor and circulated
back to the.reactor, while n-heptane recovered from.the
disPillationétower was also cireuiated back to the reactor
via ;he circulation pipe. _The operating conditions of-the
said uhits in the_process'are shqwn.in Table 6, and the mass
balance in the said process is shown in Teble 7. in'Table 7,

Cr (2EHA) 3 denotes chromium (III) 2-ethylhexanoate.
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Table 6

Reactor

80°C x 35 kg/cm?G

Degassing tank-

100°C x 5 kg/cm2G

Distillation tower

Top pressure

| 3 kg/cm?G
Reflux ratio (R/D) 18
Bottom temperature. 162°C
Heating pipe temperature 200°C
Recovery tank temperature 150°C
200 Torr

Recovery tank pressure
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Table 7
Reactor begassinél Bottom of the
' tank distillation
_ | .towef
36.1 kg/hr | 31.2 kg/hr | 1.57 kg/hr
Cr salt (ppm ™l 26.0 30.1 180
2,57Dimethylpyr£ole . ‘
(ppm) | 15.4 17.8 106
Aluminum salt
(ppm) *2 92.5 107 638
Tetrachloroethane
O (ppm) 45.3 52.4 313
"~ Heptane (wt®) 41.1 47.5 -
Eﬁhylene (ﬁt%) 13.6 - -
. 1-Hexene (wt%) 41.0 47.4 -
High boiling point —
products (wt%) 4.07 4.71 93.f |
Polyethylene (ppm) 3000 3469 6.21 wts

(Note) : *1: calculated as Cr(2EHA)g

*2: calculated as triethylaluminum
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7 épntinued

High
_bgiiigg Solids
products _
_ 1.47 kg/hr | 98.8 g/hr
Cr salt (ppm)*l _ - '0.285 wt%
_Z,S—bimethylpyrroie
(ppm) 113 -
Aluminum salt
* (ppm) *2 - 1.01 wt%
Tetrachloroethane -

(ppm) 333.8 -
Heptane (wt%) - -
Ethylene (wt%) - -
1-Hexene (wt$%) - -

High boiling point _
products (wt%) 100.0 -
Polyethylene (ppm) - 98.7 wt%




The evaporator bperation_in the above proCess'wés
conducted smoothly. .Sincé the metalfcontaining catalyst
components are recovered as a.¢qncéhtratéd mixture with by-
product polyethyleﬁe, they drqpped gravitatidnally'from the
bottom of thé recovery tank owing to'plasticity of the by-
product polymer and-separatedQ _ |
Exaﬁgle'll"

Continu&us oligomerization of ethylene was_carried
: oup.gccording to the same procedﬁre as in Example 10 except
that hydrogen was added to.provide a hydfogen concentration
of 2.0.vol% in the gas phase in the reactor, and that-thé_
reaction solution sﬁpﬁlied to the degassing tank was not
.heated. Pélyethylene.in the reaction solution dischérged
from the reactor was poWderyf_ The méss bélance of this
example is shown'in.Table 8. The evaporator operation was

conducted smoothly as in Example 10.
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__Table_8.
Reactér_ l'Dégassing Deheptanéted
: | tank ' solutioh'
| 36.1 kg/hr | 31.2 Kg/hr | 1.58 kg/hr
Cr éalt'(ppm)*ll 26.0 30.1 - 178
2,5—Dimethylpyrrole _
(ppm) | 15.4 17.8 106
Aluminum salt |
 (ppm)*2 92.5 107 634
Tetféchldroethane_ . .
(ppm) 145.3 52.4 311
‘Heptane (wt$%) 41.1 47.5 -
Ethylene (wt%) 13.6 - -
1%Hexene (Wt %) 41.0 47.4 -
High boiling point
products . (wt%) 4.07 4.71 93.0
Polyethylene (ppm) 3000 3469 6.86 wt%

(Note): *1: calculated as Cr(ZEHA)3

x2: calculated as triethylaluminum
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Table 8 (continued)

High .
b;iii:g Solids
products S '
1.47 kg/hr | 109.6 g/hr
Cr salt (ppm)*! - 0.257 wt#
2,5-Dimethylpyrrole| -
(ppm) 113.5 -
‘Aluminum salt E
(ppm) *2 - 0.91 wts
Tetrachloroethane
(ppm) ._ 333.8 -
Heptane (wt%) - =
Ethylene (wt®) - -
l-Hexene (wt%) - -
High boiling point
products (wt%) 100.0 - _
Polyethylene (ppm) - 98.8 Wt s




- =63~

.Continuéus oligomerization of ethylene-was.cairied
ouﬁ accofding t§ the Saﬁe-procedﬁre-as in Example 10 except
that an ogtanoic'acid'(2-ethylhexan6ic.acid).was added
_-continuousiy_as_metal solubilizing agent to the degassing
tank, and that the reactiop solution suppiied ﬁo'the
dégassing.fank was not heated. The metal solubilizing agent
was added in such an amountlthat its concentration.in the
reacfién solvent in thé'degassing tank would become 0.022
wt%:_ |

The bottoms of the distillation tower'was sampled out
and anaiyzed for the precipitated metal substancés, but
there was detected substantially no precipitated metal
Substance.. Analysis for the'precipitated metal substances
was made in the following_wéy. The sample,was filtered with
a filter paper (SA), the filter papér.surféce_was washed
with ah n-heptaﬁe sblution and then with a 10 wt%:aqueous
nitric acid solution, and the concentrations of the metal
substances in the nitric acid solution were measﬁred 5y
highffreqUency- plasma emission SpectroScbpy. Polyethylehé
in the reactipn solution discharged from the degassing tank
was powdery. The mass balance:of thislexample is shown in
Table 9. The evaporator operation was condﬁcted smooﬁhly'as

in Example 10.
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.. Table 9
Reactor Degaséing Bottom of ﬁhe '
| tank distillatidﬁ
_ t0wer'_
.36.1 kg/hr 31.2 kg/hr | 1.57 kg/hr
s salt (ppm 1 26.0 30.1 597
2,$fDimethylpyrrole . .
(ppm) 15.4 17.8 354
Aluminum salt.
" (ppm) *2 192.5 107 2122
Tetrachloroethane |
| (ppm) 45.3 52.4 1040
Heptane (wt%) 41.1. 47.5 -
Ethylene (wt%) 13.6 — -
1-Hexene (wt%)' 41.0 47.4 -
High boiling point
products (wt%) 4.07 4.71 93.4
Polyethylene (ppm) | _ 3000 3469 "6.20 wts

(Note): *1: calculated as Cr(2EHA)j

*2: calculated as triethylaluminum
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Table_9 (goh;ihugdz

High

| b;iiigg ' Solids
products
1.47 kg/hr | 101.8 g/hr
Cr salt (ppm)*1 - 0.922 wts
2,5—Dimethylpyrfole
(ppm) 378.0 -
- Aluminum salt o
| (ppm) *2 - 3.28 wts
‘Tetrachloroethane
(ppm) 1111.7 -
Heptane (wt%) - -
Ethylene (wt%) - -
l—Hexene.(wt%) - -
High boiling point
products (wt%) 99.9 -
Polyethylene (ppm). - 95.8 wt%
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Continuous oligomerization of ethylene was carried
'out accordlng to the same procedure as in Example 12 except
| 'that l1-hexanol (Example 13), hexylamlne (Example 14),
ammonia (Example 15) and acetylacetone (Example 16) were
_used as metal solublllzlng agent added to the dega551ng tank
The evaporator:operation was smooth as in Example 12. Thel
bottoms of the distillation tower was sampled out and
analyzed for the prec1p1tated métal substances in the same'
way as in Example 12, but there was found substantlally no

precipitated metal substance ;n each example.

gomparatlve Example 2

‘Continuous ollgomerlzatlon of ethylene was carrled
out acoording to the same procedure as in Example 10 except
that a filter was installed between the degassing tank and
the distlllation tower, and that the degassed reaction
fsolutlon was flltered to separate the by-product |
polyethylene. The evaporator was 1ncapable of continuous
operation as the metal—containing catalyst substances were

-resinified and deposited on the heating area.

Example 17
Continuous oligomerization reaction of ethylene was

carried out using a production system comprising a
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continueus.stirring tank reactof,'a degassing tenk, an
aeratiqn tank, a decanter, an ethylene distillation tower, a
hexene distillation_tewer énd'a heptane distillation, and
also having a comptessor disposed between the reactot and.
the.degassing tank_fer.circulatihg-degassed ethYlene back to
the reactor. A 2-litre autoclave having two feed pipes was
used as reactor. "Sharples Supefdecantef" (trade naﬁe,_
mahufactured by Teme Kogyo CO,[ Ltd.) was_used as decantef.
The ethylene distillatien tower had 15 plates_while the
hexene distillation tower énd.the heptane distillation tpher
‘each had 20 plates. | |
An n—heptene.solution.of chroﬁium (III) 2- -

'ethYIhexanoate and an.nfheptane solution of 1,1,2,2-
tetrachloroethane were supplied continuously together with
: ethylene from one of the feed pipes of the reactor, while an
.n-heptane solution of 2,5—dimethYlpyrrole and an n-heptane
solUtien.of ttiethylélumihum were supplied continuously from
the_other feed pipe. |

| The reection solution discharged continuously from
"the reactor was supplied_into'the degassing'tank. The
temperatu;e of'the_degassed reaction solution was 60°C.
-Thie reaction solution was fed into the aeration tank where
the catalyst components in the solutien.were oxidized and
precipitated by bubblihg air through the solution. The

precipitated catalyst components and by-product pplymer were
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removed by the decanter. The supernatant solution was
Supplled into and treated in the ethylene dlstlllatlon tower,
the. hexene dlstlllatlon tower and the heptane dlstlllatlon
tower succe531vely Meanwhlle, ethylene degassed in the
: dega331ng tank was pressurlzed by the compressor and
c1rculated back to the reactor, and n-heptane separated in
" the heptane dlStlllathn tower was also c1rculated back to
the.reactor via the circulation pipe.

| The operating conditions_of the respective units in
| theﬂeaid process are shonn'in Tabie'lo,'and the mass balance

‘of the said process is shown in Table 1l.

Iable 10
Reactor - ' - o 80°C x 35 kg/cm2G
Degassing tank - 60°C x 5 kg/cm2G
: A_era_tiqn tank - 1 _ '6.0°C % 3 kg/cmZG
Air feed: | . 100 1/hr

Ethylene distillation tower .
Top pressure ' 5 kg/cm2G
'Reflux ratio (R/D) : 0.5

Hexene distillation tower _ ,
Top pressure ' 760 mmHg
Reflux ratio (R/D) 1 : 3.0

-Heptane_dietillation tower ,
Top pressure'_ : . 760 mmHg
Reflux ratio (R/D) 3.0




Table 11
Reactor Degassing tank . 'Decanter
- ' .~ solution
| 2,611 g/hr 2,262 g/hr 2,262 g/hr
"Cr Séit (wt%) . 0.002*1 0.0028%1 _ -.'
2,5-Dimethylpyrrole l : ' _
e 0.001 ©0.0017 0.0017
_Aluminum'salt (Wt %) '0_009*2.  0;010*2 —
Tetrachloroethane . ‘._

C(wew) 0.004 0.005 -
THeptane (wc®) | 30.9 35.8 35.8
Ethylene (wid) 13.6 —0.27 —0.27
T-Hexene (wt%) |- 50.4 58.2 - ~58.2

High boiling point —
products (wt$) 4.99 | 5.75 5.75
Polyethylene (wt%) 0.010 . 0;011. : -

(Note): *1: calculated as Cr{(2EHA)j

*2: calculated as triethylaluminum

By conducting the above process, the catalyst
_components and the by-product polymer were separated
simultaneously with ease and stability, and it was poSsible

to obtain hexene with a high content of l-hexene.
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WHAT IS CLAIMED IS:

1. A process for producing an a-olefin oligomer using
a chromium-based catalyst system'¢Omprising at least(a) a
chromium compound, (b) at lééét_one nitrogen—cbntaining
‘compound selected from the groﬁp consisting of aminés,
amides and imides, andl(c) an alkylaluminum compound, which
process comprisés carrying out an oligomerization_reéction-

of an a-olefin in a solvent, and recoVering the produced o-

olefin oligomer, catalyst components and by-product polymer
froﬁ—the.reaction solution, Wherein the catalyst components

and the'by—produét polymer are recovered at the same time.

- 2. The process'accdrding to claim 1, wherein the.a—
olefin oligomér is separated by distillation from the
reaction solution produced by the oligomerization reaction,

‘and the by—product polymer is concentrated and recovered

 together with the Catalyst components.

- 3. The process according to claim 2, wherein the
catalyst componehts'concentrated and recovered with the by-
product polymer in the distillation separation operation are

further concentrated by a heating evaporator and recovered.



B - NN RO

4. The process according to claim 3, wherein the
heating evaporator is a monotube-type reactor provided_with
a heating pipe having a sufficient length and a recovery

tank which can be evacuated.

5..The prdceés accordiqg to claiﬁ 2, in which the ’
oligomerizatién éf the-a—élefin.is carried oﬁt.in é-solvent,
then a compound.soluble.in.thé solvent and having a bondinQ
“ability to chromium is added to the reaction solution, and
the-respectiVe_substances_are distilled and recovered from

 the resultant reaction solution.

6. The-process.accbrding to claim 1, in which the
catalyst components and the by-product polymer are separated

Simultaneously from the reaction solution produced from the

oligomerization reaction, and then the a-olefin oligomer is

separated by distillation from the resultant reaction'

solution.

7..The process according to claim 1, wherein the
_chromium-based'catalyst'comprises a combination of (a) a
' chromium_cbmpound; (b) at least one compounds selected from

the group consisting of amines, amides and imides, (c¢) an
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alkylaluminum compOQnd, and (d) a haldgen-Containing

compound.

8. The process according to claim 1, wherein the
nitrogen-containing compound (b) is 'a compound having a

pyrrole ring structure.

9. The process according to claim 7, wherein the
molar ratio of the catalyst componenté (@ : () : (c) : (d)

is 1 :0.1-10 : 1-100 : 0.1-20.

10. The procéss_accofding to claim 7, wherein each of
the compound (a) to (d) and the o-olefin is supplied to a

reaction system in such a mode that the chromium compound

(a) and the alkylaiuminum ¢ompound (¢) do not contact with

.each other before each of said compounds (a) to (d) and the

o-olefin coexist in the'reaction solvent and the

oligomerization of the a-olefin takes place.

11. The process according to claim 2, wherein the oa-
olefin is ethylene and the a-olefin oligomer is composed

pfincipally of - 1-hexene, and after the oligomerization

reaction, a degaséing treatment is carried out, and then 1-
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hexene and the_solVent aré distilled and Sebaratéd from the

reaction solution while the catalyst components are

'concentrated and recbvefed together with the by—prbduct

-polymer;

12. The process according to claim 1, wherein the

oligomerization reaction is carried out in the presence of

hydrogen.

13. A process for_producing an a-olefin oligomer,'
which comprises carrying out an oligomerization of an a-

olefin in an oligdmerization reactor'in'the'presence of a
reaction solvent by using a chromium-based catalyst system

comprising at least (a) a chromium éompound, (b)'at least

- one n}trogen—containing compound selected from the group

consisting of amines, amides and imides, and (c) an

'alkylaluminum compound, supplying the resulting reaction

solution to a degassing tower to recover the unreacted

- portion of the a-olefin,'supplying the reaction solution

from the degassing tower to a product -distillation tower,

and recovering the produced a-olefin oligomer as a

~distillate while conCentrating_the by-product polymer'and

the catalyst components and recovering the obtained

concéntrate as bottoms, wherein the by—productlpolymer and
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‘the éatalyst components are maintained in a dispersed state
in the_reaction'solutioh in the process 1ine from the outlet
of'the oligomerization'feactor to the inlet of the product

distillation tower.

'14. The process according to claim 13, whéreih the

' bdttoms containing the by-product polyme#-and'the_catalyst
compohents recovered from the produét distiilatidn tower is
suppiied to a heating.evapofatér to recover high-boiling
poip; prodﬁcts, and the'byhproduét polymer énd catalyst

components are further concentrated and recovered.



