TI TLE OF THE | NVENTI ON PROCESS FOR THE PREPARATI ON OF [err] CLEFIN

OLI GOVERS . BACKGROUND OF THE | NVENTI ON The present invention '
rel at es ﬁ%»aﬁprocess for preparing [errﬁ oIefln ol i goners. More '

i particularly, it relates to an industrially advantageous process for -
- preparing a- olefin oligoners, according to which it is possible to

prepare [err]-olefin oligoners conprising 1-hexene as nmain conponent from
et hyl ene iﬂjgﬂﬁiéﬁlﬂﬁﬂLdgﬁﬂﬂﬁﬂﬁﬁbh selectivity. - As an l _
~oligomerization met hod of [err]-olefin such as ethylene, nethods using a
chrom umrbased catPROCHSSC GOR ITHEN GRERABATIONAOF 00 -0LERINPOLIGOMERS o um
compound and a specific - organic al um num conpound have been known. For
“instance, Japanese patent Publication (KOKOKU) No. 43-18707 discloses a

process_fch' ' _&FP¥ﬁgﬂyhggﬁyf hyl ene by using a catalytrc_system
consisting?~ oup: VIA transition metal conpound

App | cat i on Lai - G HheBeR Thihejon, geigedechp dBRARE EOFT

trimerizing [err]-olefins by using a catal yst obtained by reacting a
chrom um preparlng a-olefin oligomers. More partlcularly, it relates

to an industrially advantageous process for preparing.a-
olefin oligomers, accordiné to which it is possible to
preparé_a-oléfin oligoﬁers comprising'l—hexené_as main
component from ethylene in a high yield'wi;h high
selectivity. |
As én Qliéomerizétion'method'of a-olefin such as
| ethylene, meﬁhods_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 chromium-



-2- . containing conmpound having chrone-pyrrolyl bond with an al kyl netal
or a Lew s_acid. : In either of the said methods, formation of by-
product pstynefs is -unavoidable, -and it is now a great technical problem
in the art' how to separate.the_by<produCT2“ponners in the industrial '
production of [err]-olefin oligoners. H gh-purity preparation of
‘[err]-olefin oligoners is also of ‘inportance for application of the
obt ai ned ol i goners. Further, renoval of the catal yst conponents such as.
chrom um ca#yﬁu#kn%nﬁnqgmngpnd1hqﬁénge&@mp@ﬁ-yarapﬁwh bengnwithoanant

subj ect since such catal yst conponents nay deposit on the distillation
col'um deperriikit} aretidle ait & illewits &¢igonditions to give rise to various
probl ens. : ~ As a result of the present inventors' earnest studies,

it has been found timateihhegaofyitihg satidamethpdsreformatbon ofdoy+on of
[err]-olefins in a solvent in the presence of a chrom um based catal yst
syst em conprpedurtat podgsersa) saunekpadabiegoapduitl, i€ howta | gredt one

ni trogen-contai ning conpound selected fromthe group consisting of am nes,
am des and itectas canhriahlean ial Kyealami how tonpepagatentdhesppaprodact t he
produced [err]-olefin oligomers, catalyst conmponents and by- product

pOTynEFS_fr(BBfJMéfé*%Hiéﬂé industrial production of @-olefin oligomers.
:'Hiéh—puriﬁy preparation of a—olefin_oligomers is also of
importance for appliééﬁion of the'obtained oligomers.
-Further, removal of the catalyst components such as chromium
'cdmpound contained_iﬁ the reaction solution is an important
éubject sinée sﬁch catalyst components hay deposif.on ;he
distillation cbiumn depending on the disﬁillation conditions'
._to_give rise to various problems. |
As a résult of the present inventors’ earnest studies,
.it has_been fdund that'by:carrying out an oligomerization

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

'chromiﬁm—based catalyst éystem comprising at least (a) a
éhromium-comPOund, (b) at least one hitrbgen—éohtaining
compoundlselected from the group consisting of amines,
-amides and imides, and'(cj an alkylaluminum dompound, and

separating the produced a-olefin oligomers, catalyst

components and by-product polymérs from thé'reaction
solution, wherein the catalyst components and the by-product

- pOlymérs.are separated simultaneousiy_from the reaétion



sol ution, wherein the catal yst conmponents and the by-product polyners are
separated si mul taneously fromthe reaction - 3- solution, the
-producedrﬁ§ product polyners and catal ysB- conponents can be eff|C|entIy
separated; and the process can be sinplified and is industrially
advantageous On the basis of the finding, the present invention has been
“attained. - SUMVARY OF THE | NVENTI ON An object of the present

i nvention |SOEthbnyldheaprodudustbyfpfqdunhupummmemwsapdocasalyst preparing
‘a-olefin :.oligoners by using a chrom um based catal yst, which process is

sinple and eappbhents ehhibé eatticsapalntsahddied)yandphduptropekgnean and
cat al yst conponents In a first aspect of the present invention,

‘there is. pbevsdﬁélafpéeceﬁa {61 ipd@skiei 410 f efdvar@lafdonsql | ganehs, whi ch
conprlses carrying out an oligonerization reaction of [err]- olefins in a

sol vent 'in phgiprggepne @inelﬁ@; oFheIp RSt GRlcitiTn st B@eaONpri sing at .
| east (a)-a chrom um conpound, (b) at |east one n|trogen cont ai ni ng

compound selgghedafrom the group consisting of amines, anides and inides,
_and (c) an alkylalun1nun1conpound and recoverlng t he produced [err]-

' 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 _capeble of efficiently separating the by-
product polymers aﬁd catalyst components.

In a fifSt_aspect of the present invention, there is R

provided a process for producing o-olefin oligomers, which
.comprises carrying out an oligomerization reaction of o-

dolefins in a solvent in the"presence of a chromium-based
:catalyst system comprising at least (a) a chromium compound,
(b) et least one'nitrogen-containing compound selected from
the”groUp consistinglof aminee, emides and imides; and (c¢)

. an alkylalumihum eompoﬁnd, and fecovering the pfeduced o-
olefin oligomers,.catalyst componehts and by-ptoduct
polymers from the reactioh sdlution, wherein the cetalyst

| components and the by-product polyﬁers are recpvered.

simultaneously from the reaction soluticn.



ol efin oligoners, catalyst conponents and by-product polyners fromthe
reaction sglution, wherein the catalyst conponents and the by-product
pol ymer s vare recovered simultaneously fmemthe reaction sol ution.

- 4- : In a second aspect of the present. invention, there is
provi ded a process for producing a-olefin oligomers, which conpri ses
carrying out an oligonerization of [err]-olefins in the presence of a

reaction solvent ifnag Qéégﬂaﬁésﬁéﬁﬂfﬁf fIRAG A st Usivaatd ol eRkyat P3sed
catal yst - system conprising at least-(a) a chrom um conpound, (b) at |east

one nitrogen- _cantaining conpund selected fromthe group consisting of
ami nes,  am GESVAREY fi BESOSTRALEE) PEATIE 19T F TRt OIS SBHSTVi ng
the resulting reaction solution into a degassing tower to recover the :
~unreact ed -a coip®fi kRS ca_ik*ﬁ};ﬂh?' BAtt B8 ol £§6hd LI B0l igin d+suadihg degassing
tower into a product: distillation tower to recover the produced
[err]-olefin, oligoners as-a distillate while concentrating.the by-product
pol yner s anfP@aPARFENCEoRboRREECT ARG ?%t%@%ﬁj%ﬁ;QWKPl%ﬁﬂﬂéghﬁ%%ﬁ§§
by-product pol yners and catal yst conponents as bottons, wherein the :
by- pr oduct - FEAFHSEs ANy SéBgaRy SRropdiBoPRed Rt HEithtSUSTER IGPTRTESIPEr sed
state in the reaction solution-in the process line fromthe outlet of the
- at least (a) a chromium 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'recoyering 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 tha
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.



ol i goneri zation reactor to the inlet of the product distillation tower.
'DETAI LED DESCRI PTI ON OF THE I'NVENTI ON- - The present invention is _
descri bed in®detail bel ow ' -5- In the present invention, a
chroni um based catal yst systemconprising at |east (a) a chronium '
conpound, (b) at |east one nitrogen-containing conpound sel ected fromthe
group consisting of amnes, amdes and inmdes, and (c) an alkylalum num

‘conpound, is used g @@é%ﬂéﬁeﬁ@rm\*@u@m g%nehtrbﬁ&umnbaeaatwﬂaljr@tthe
preferred enbodi nrents of the present invention, there is used a catal yst

system CoOMgyk8bRIcamEPIBiAGt deM &ist aja)a acfa}ﬁmmiﬁﬁmc@esﬁpuadd,(bb) aht | east
one nitrogen-containing conmpound sel ected fromthe group consisting of

~am nes, am @Eﬁsé‘“gné”h@@:?ogéﬁ-)cé’:&aﬂiiﬁﬁ]%dﬁ{ﬁdﬂﬂa GTReued, rapdl H: a
halogen contal ning conpound e chrom um conpound (a) usable in

the presentﬁrbﬂ eEBh995t§ng68fe§ﬁiﬁé§jt%hf&&%féﬂd“ﬂmideng[Eﬁ&](cyhéﬁe'n X

IS an organi roup, an i organlc group or an anionic atom n 1S an .-

i nteger fro?ﬁ%yﬁglﬁml _ ﬁ@ Bo@%&f f?tuééﬁﬁ%éicﬂié&ystxf%r”Eﬁebe i denti cal

or dlfferen onleac
_ollgomerlzatlon reaction. 1In the preferred embodiments of

the present 1nventlon, there is used a catalyst system
comprising a comblnatlon of (a) a chromium compound, (b) at
least one nitrogen—containing_compound selected from the |
group consistinglof amines, amides and imides, (c) an
alkylaluminum compouhd, and.(d) a halogeo—containing
compound. |

The-chromium compound (a) usable in the present
inuehtion 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, end when n is not less than 2,
X's may be identical or different from each other. The |
valencv of chromium is-b to 6, and n in the above formula is
preferably not less than 2. |

The organlc groups represented by X in the above
formula include various kinds of groups hav1ng a carbon
number of usueliy 1 to-30, such as hydrocerbon_oroup;

carbonyl group, alkoxyl group, carboxyl'group, B-diketonate

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



val ency of chromumis 0 to 6, and n in the above fornula is

1 to 30, such as hydrocarbon group, carbonyl group, alkoxyl
.car boxyl group, [err]-diketonate group, [err]- ketocarboxyl
[err] - ketoester group and am de -

group.  Theg E)édf:ocafﬁ@fhﬁl&&hﬁﬂ&i tgi@s;pallmluaégumkymy?f@@kyl

group, etc.

~inorganic 9E9H96a1k§ﬂr8§8%3da93¥l XA U dyQrGAr GFou, Salhikolm

. group, al kylaryl group, aralkyl group, cyclopentadieny

such as nitric group and suf furic group. The anionic atons

~atom haloq%ggﬁbﬁghtgﬁgen% roup F”éi@rr%%eeﬁangsﬁlengB@ighrOﬁrum

oxi des

conpounds us Int ent. i nvention are chrom um

_ preferably
not |ess than 2. . The organi c groups represented by X in the above
formul a ¥ncl dde various kinds of groups-baving a carbon nunber of usually

group,
group,

i ncl ude

car boxyl at EZFP%QEQH‘:HH‘ Lﬁrkl‘nﬂéi‘ﬁ é’“éﬁ&s%a | %ﬁ{ e 101 FRMA AU Brou

ani ons of | et oeste rom um

Mor e speC|f|caI y

group, aryl

The

ESuEFOUps

oxygen

chronium

h |
tCL T?F‘U(‘i?‘oé%;%y b33 BikeEc GERAE M um%ﬁ‘ﬁ‘;mﬁéi‘é’ﬁ‘%é?égﬁéié a%@%%ﬁ%%‘ﬂ%‘é' )
chr COCH
om um ( P%&ngeﬁfgggﬂgﬁé e égé atafpt dlonate) Cr(Ph COPh) 3

(wherein Ph chron1um 1) acetate,

Preferred-examples of the chromium compounds usable

in the present invention are chromium alkoxides, chromium

carboxylates, chromium B-diketonates and salts of chromium

'With‘anions of B-ketoester, and chromium halides.

More

specifically, chromium (IV) -t-butoxide, chromium (III)

3 acetylacetonate, chromium (III) trifluoroacetylacetonate,

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 (CH3COCHCOOCH3) 3, chromous éhloride,'chroﬁic_chloride,

chromous bromide, chromic bromide, chromous iodide,

iodide, chromous fluoride and chromic fluoride méy be

exemplified.

chromic

Complexés composed of the said chromium compouﬁds and

electron donors can also favorably,bé used. The electron

donors are selected from the nitrogen-containing compound,-



chromum (111) acetate, chromum (I11) 2-ethyl hexanoate, chromum(IlI1)
benzoate, chromum (l111) naphthenate, C(CH3COCHCOOCH3) 3, chronous
chl.oride;t chremic chloride, chronmous brgri de, chronic brom de, chronous

i odi de, chromic iodide, chronous fluoride and chromic fluoride nmay be
exenplified. - -Conpl exes conposed of -the said chrom um conpounds and
~electron donors can al so favorably be used. The electron . donors are

sel ected fr Rildan-Riohtad8AngOBbAbOIAG, CONPOHHISEus-containing compound
-7~ oxygen- cont ai ni ng conpound, phosphorus-contai ni ng conpound™ or

sul f ur - cont ik FRRTRAWREining compdBedNi t rogen- cont aining conpound used
as a constituent of the catalyst systemin the present invention is

sel ected from ni triphgs ;i fRbEeA~cARt 8E8inS ! Compsuttd fed agetoni trile,
pyri dine, dinmethylpyridine, “di nethyl formam de, N-nethylformam de, anil.ine,

nitr obenzenecoq'sttqttw;ﬁt %&Hp%hey };sgs@y@%ﬁ 8¢ st & e 1T ke sdritORTRiRAtAnNe,

hexanet hyl di si l'azane an yrrolidone. The oxygen-cont ai ni ng

CorPode ot T R B IER, RSN Nl RO el
B s R RN, ARy PRt O Sy B lmice,
h N-methylformamide, aniline, nitrobenzené, '
tetfamethylethylenediaminé; diethylamine; isopropylamine,
hexamethyldisiLazane and.pyrrolidone.
The oxygenFcontaining compounds usable as another
coﬁstituentlof the said catalyst Systém include esters,

' ethers, ketones, alcohols, aldehydes, etc,, such as ethyl
acetate, methyl acetate, tetrahydrofuran, dioxane, diethyl
ethér,_dimethoxyethane, diethylene glycol dimethyl ether,
triethylene glycol dimethYl'ether, acetone, methyl ethyl
ketopé, methanol,'ethénol, and acetaldehyde.

The_phosphorus—containinglcompbunds include
hexamethylphosphoramide, hexamethylphosphorustriamide,
triethyl phosphite, tributylbhosphine oxide,

'triethylphosphine, etcf |

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

Then, the_céﬁplexes composed_of chromium compqunds-

and'electron donors usable in the present invention include



triethyl ene glycol dinethyl et her, acetone, nethyl ethyl ketone, nethanol,

et hanol , and acet al dehyde. The phosphor us-cont ai ni ng conpounds

i ncl ude <*hexdrret hyl phosphor am de, hexanethyl phosphorustriam de, triethyl
‘phosphite, tributyl phosphi ne oxide, triethylphosphine, etc. The
sul fur-contai ning conpounds” i ncl ude carbon disulfide, dinethyl sulfoxide,
t etramet hyl ene sul fone, ' thiophene, dinethyl sulfide, etc. Then,

t he conpl exegheanponed ekl s hesternconppexas!s kenmheﬂGnmnkﬂxaﬁon@d§8@ydble in
t he present invention include - 8- et her conpl exes, ester

conpl exes, KﬁﬁmuuexaynMaabQ&plabdmpydeespoamimaesompﬂ&xﬁnM rcidimdllexes, am ne
conpl exes, n|tr|Ie conplexes phosphi ne conpl exes and thi oether conpl exes

~of chrom uradyy hiigal kympLEREST 4hd &}Eett@ﬁﬁmpﬂexewmane
CrClferr]. (CH[err] err[-n-Cerr]), CrO [err] [err] CrCl[err] . 3 (i-

Crd H
_[C(ra_ gl][ err]. [ %{)yr]ﬂ %maﬂaq'r @re éc}g%%]ﬁhc% : er r% ?%NI[%[@%F}% QﬂE%z{élﬁﬂr r]
" 3CH err]CN CH[err]CN CrCl[err] -3PPh[err], CrClferr] 2THF, CrClf[err]

. 2pyridi ne,c;_@lgl[-er(cﬂ[ COAM-G £190 | HCeCLy » {Gif3rcpI>IEIbH5X3r @J{@rﬂ 3 (l?CH[ err] CN,
C}CH[err] 2[P(CH err])[err]Ph], etc.

C3H,0H), CrCl3 3[CH3(CH2)3CH(C2H5)CH20H], CrCl3 3pyr1d1ne,
CrCls » 2 (i-CaligNHp) , [CrCly + 3CHaCN] » CH3CN,_ CrCls * 3PPhs,
CrCl, °.2THF, CrClz-..° 2pyridine, CrCly - 2[(C,Hs) NHI, c:éc12 .
2CH4CN, c::ci.2 . 2[P (CH3) ,Ph], etc.
| The chrémiumucomppund used in the preseht inveﬁtiqn
is preferabiy one which i; soluble in hjdrocarbon solvents.
Exampies”of suéh chroﬁium.compouﬁd inélude chrqmium.Bf
_ diketonate, chromium.carboxylates, salts of chromium with
anion; of PB-ketoester, chromium B-ketocarboxylates, chromium
amide.complexes, chromium carbohyl complexes, chrqmiUm
carbene complexes,'various types of cyclopentaqienyl
complexes of chromium;'cﬂromium alkyl complexes, chromium
‘phenyl céﬁplekes, étc. As specific examples thereof,
Cr (CO) g, (CSHG)Cr(CO)3, (CO) sCr (=CCH3 (OCH3)), (CO)sCr
(=CCgHg (OCH3)), CpC:Clz.(whgrein Cp représents

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



The chrom um conpound ‘used in the present invention is preferably one
which is soluble.in hydrocarbon solvents. Exanples of such chrom um :
.conpound#i ncFude chromum[err]- diketogate, chron1un1carboxy|ates salts
of chromumw th anions of [err]-ketoester, chrom um

[err]-ketocarboxyl ates, chromum am de conp[exes, chrom um.car bonyl

conpl exes, chrom um carbene conpl exes, various types of cycl opentadienyl

conpl exes ofopPé S8 LEN pEil A tHY By ofedFRI %8S %BBQF)G ynangheny!

conpl exes, etc. As specific exanples thereof, rrj,

(C[err]H[errJ:gi %@ﬂ%&ﬂ’be(%lr —CCHS(OCH3)) (CO)[err]Cr

( CC[err]H[err err])) CpCrCI[err] (wherein Cp represents

cycl opent adi enyl Cp*Cr A CH3

-9- represents %ﬁﬁé@ﬁH%aﬁﬂqﬂﬁghFa&?gn%ﬁ aPﬁﬁﬁfte%na“ ?Cﬁ%ﬁ%ﬁ??] ey
be exenplified, chrom u oy % Eorted op_.a carrier
such as an FHSPg%ﬁl%nok??EgaQ&ﬁ ¢¥idey SSE% ditalSy 6§§8rﬁﬁ ycBﬁ%?nh?lon with .
ot her catal yst conEonents wi t hout being supported on a carrier, In the
present i nvEAMPERCIPR WLHR FERAK 1AL Vst AOFPOneRtsy BAERGBEVPRiRE in a

specific contacting node described |ater because when the catalyst is
used in suchuBPABEed anh gPrEBier ystiagbpyPrgsenh baveRbieRndtPeven if the

chrom um conpound is not supported on a
chromium-based catalyst is preferably used in a specific

contactlng mode descrlbed.later because when the catalyst is
ﬁsed in such a mode, a high catalyst activity can be._
Obteined even if the chromium compound is not'supported.on a
carrier. _Further,.when the ehromium'cempound is used
without being supported on a carrier, it is possible to
dispense with the complicaeed operation necessary for
supporting the'cdmpound'on a carrier, and morebver, 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 seeondary amines. Ihe primary
amines include ethylamine, isppropylamine, cyclohexylamine,.'
beﬁéylamine[ aniline, naphthylamine, etc. The secondary
amines include diethylamine, diisopropylamine,_
dicycthexylahine, qibenzylamine, bis(trimethylsilyl)amine,
morphorine, imidazele, indoline, 1ndole, pyrrole, 2,5-

1dimethylp9rrole, 3,4—dimethYlpyrrole, 3, 4~ dlchloropyrrole,



carrier. Further, when the chrom um conpound is used w thout being .
supported on a carrier, it is possible to  dispense with the'conplicated
'operatioﬁ-neéessary for supporting theldonpound on a carrier, and
nmoreover, ‘the problemof increase of the total anount of the catalyst used
(sum of the carrier and the catal yst conponents) can be evaded.

The amine used in the present invention is selected fromprinmary amnes -

" and secondaRy3a#di heset Fachhoropysrokey rexdatgilpge roliey| ayraeole,

i sopropyl am ne, cycl ohexyl am ne, benzylanm ne, aniline, naphthylamne, etc.
The secondapyrratidisej ndipyleradlatéhtand,neetdi.i sopropyl am ne, :

di cycl ohexyl am ne, di benzyl am ne,. bis(trinmethylsilyl)amne, norphorine,

i m dazol e, indolinghei anbdes wsabkéfinitﬂé-pnés@athihpgntmba include
3, 4-di net hyl pyrrole, 3,4-dichloropyrrole,

-10- 2, 3métait ahiaebl @sppysd of fom Riaeing [ rsaic@ndlaryaamhﬁes, for
pyrrolldlne di pyrrol onet hane, et-c. The am des usable in the

present inverhinglel, Nghildes §BEtaLnddr fiasm desdotadd FMpRiimaRyYy ogr secondary
am nes, for exanpf e, am des obtained fromreaction of primry or

secondary a%b@%ﬁdécg haR$nEENkhORess aRaNe Mdd) dB%@ writheheened from I A

I[1A 111B and I'VB GGoups of the periodic table. Exanples of such netal

am des are LLhRkyEWaFLER. 1A, IIA, IIIB and IVB Groups of the periodic
table. E#amples of such metél amides are lithium amide,
_sodlum ethylamlde, calcium dlethylamlde, lithium
:dllsgpropylam;de, potasslum benzylamide, sodium
bisfttimethylsilyl)amide,.lithium indolide, sodium pyrrolidé,
llthlum pyrrolide, pota551um pyrrollde, potass;um
pyrrolidide, d1ethylalum1num pyrrollde, ethylalumlnum
dlpyrrollde,-alumlnum trlpyrrollde, sodium 2,5—
dimethylpyrrolide, lithium 2, 5?dimethylpyrrolide; potaésium
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 aminés such'

as mentioned above, the metal amides derived from such
_senondéry amineé, and mixtures thereof are preferably used.
Prefer:ed examples of such secondary émines are pyrrole_and
pyrrole derivatives such as 2,5—dimethylerrole, 3,4%
dimethylpyrrole, 3;;—dichloropyrrolé, 2,3,4,5-

tetfaéhloropyrrblg, 2-acetylpyrrole and dipyrrolomethane and



sodi um et hyl am de, cal ciumdiethylamde, lithium diisopropyl am de,

pot assi um benzyl anm de, sodium bis(trinethylsilyl)amde, |ithiumindolide,
sodi um pyrrofFi*tde, [|ithium pyrrolide, pdilassium pyrrolide, potassium
pyrrolidide, diethylalumnumpyrrolide, ethylalum num dipyrrolide,

al um num-tripyrrolide, sodium2,5- dinmethylpyrrolide, lithium

2, 5-di net hyl pyrrolide, potassium 2,5-dinethylpyrrolide, potassium

2, 5-di met hyppgfeokedi drampiéet &f | mettal ramid S -ddimimtely Ifppmr bhedeaid

et hyl al um num di (2, 5- . di net hyl pyrrolide), and al um num _
~tri (2, 5-di nekbghpseyohiniaes are aluminum g pycdsield, iethgikilomintite secondary
. am nes such - as nentioned above, the netal am des derived from such

- secondary agipesrodfnde N X1 ukhesurh Ner BSf rvd B gy e fychiny pysedlide eferred
- exanpl es of such secondary ami nes are pyrrole and pyrrole derivatives such

as 2, 5-di methyhpvhr pierodide, SbEsSMMiw)Ey e ide, 4adividinRmopysrol e,
2,3,4,5- tetrachloropyrrole, 2-acetylpyrrole and di pyrrol onet hane and

preferred exagalay: gl vl shieabeiepl diniath [0, [arisihy 19ge00date) A nes

are alum num pyrrolTde, ethylalumnum dipyrrolide, alumnumtripyrrolide,
S, Pl aiSpu LTS DMLy SR PR e ol um 2,5
dimethylpyrrolide, lithium 2;5—dimethy1pyrrolide, and
- potassium 2,5;dimethylpyrrolide. '
Of these pyrroles, those_haVing a hydrocarboh group in the
pyrrole ring are preferred.
| Other amide and imide compounds usable in_the present'

invention include those represented by the following

formulae (1)-(3):

o M! |
D | e
ooty
. 2
R*-N-C-A-C-N-R°> @)
M
| B

R®-S0,~N-R’



alumnumtri (2, 5- dinethylpykrolide) sodi um 2, 5- di net hyl pyrrolide,
lithium 2,5-di nethyl pyrrolide, and potassium 2, 5- dlnethylpyrrollde o
t hese pyFroIés t hose having a hydrocarﬁﬁh'group inthe pyrrole ring are

preferred. O her ami de and. i m de compounds usable .in the present
invention include those represented by the following formulae (1)-(3):
[err] -12- - In the formula (1) Merr] is hydrogen atomor a

metal el ement selegtelef formbra (1)AMINdsl hfdoogensaebmt be gemévalc table;
Rlerr] is hydrogen atom- CJerr]-Cferr] al kyl group, Cferr]-Clerr] alkenyl

group, O erehefkatl beabatkyl £96RUDA, arVA EHOUPBMBSupEBE RAvepariodic
substituent, or aryl group which may contain a hetero elenent; R2 is.

T & PATES BioRMEEE flp EH T

C[err] d er gro ryl~grdu uent, aryl
group which may contaln a hetero elenent, or acryl group q%ggerr]
(wher ei n Rl @AKPOiRy IBEUPy d€nt'¢3:(ala%1tk|Y1RﬁéPPPr R %P@nt B R o T 1)

Rlerr] -and Rlerr] may form a ring.
have a substltuent, or aryl group Wthh may contain a hetero

‘element; R2 is hydrogen atom, C1-C30 alkyl group, C1-Csg
alkenyl gfoup, C1-Ca3g aralky; group, aryligroup which may
have a subsﬁitueﬁt, aryl group which may contain a hetero
element, or acryl group: -C(=0)R3 (whereéin R3 may be
identicél with Rl or different from Rl); R? énd RZ2 may form
a ring. |

In the formula (2) M2 and M3 are each hydrogen atom

or a metal element sélécted from IA, IIA and IIIB Groups of
the periodic table; R? and 35 are each hydrogen gtom or le
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 formula (3) M% is hydrogen atom or a metal

element selected from IA, IIA and IIIB Groups of the
pefiodic table; RS is hydrogeh atbm[ C,-C3p alkyl group, C;-
C3¢ alkenyl group,ftl-c3o aralkyl group, aryl group which

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



In the formula (2) M2 and MB are each hydrogen atom or a netal elenent
selected fromIA II1A and I11B Goups of _the periodic table; R4 and R5 are
each hydrogeri*atomor Clerr]- ({err] aTk@T group, (err]-Cerr] aIkenyI
group, (err]-Cerr] aral kyl group,_’aryl group whi ch nmay have a :
- substituent, or aryl group which may contain a hetero elenent; Rierr] and
-Rlerr] may-forma ring; and A is al kyl ene group which may contarn an :
unsat ur at ed Hetvetto element; RA L&ehydrogem Jt3m,MC,i-€3hydibpkngaturs ¢ -a
metal el ement selected fromIA 1A and 111B Goups of the periodic

table; R6 .. hydiRgay1 rr CE I I O4lPy1 rrj
al lt;enyl groﬁzﬁo %[ﬁ'egr %err d g?glﬁﬁﬁ g%“%r%ﬁ% %‘%dﬂ wn%l;zlﬁave a
substituent, or

“13. het SAY D %‘?Eﬁgﬂwgroﬁgﬁf STEP PR ST R oroup,
Cerr]- derr] al kenyl group, Cerr]-C| err] ar al k group, aryl group
which may Herere slegentuenr, SQp§Y Grhareimhikéh ¥3@0m?i&%'l‘rill@lal heieRo

element, or S err]Rerr] (wherein Rlerr] may be identical with Rlerr] or

‘differ ent fr E[glr E]fgfﬁgge%%maﬁd) R[Igg r (g%yy gmfgrﬁlr ann?de o Thg _

am des represente e fornula (1) or e aceta

N- et hyl hexaneam d SUce |
im'dazole‘-2-carbox§ﬁ\d8mlgeS regF%%%§€+§ﬁﬁ% %% 1acta %Fzggf-lactam
Eﬁ;%;.?g;?? nc rtl:%eS%cte aml ereﬁf mvv{:ﬁylge;[:gngan?{de, sxlzéc':ainoeran{ c{ Goup ,Of

maleamlde, N-methylbenzamide, imidazole—z-carboxamide, di-2-
~thenoylamine, B-lactam, &-lactam, s4lactaﬁ, and salts
othoreof with metals of IA; IIA or IIIB 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 R! and RZ form a ring, 'are_ particular'iy preferred.



table. The imdes represented by the fornula (1) or (2) include

1, 2- cycl ohexanedi car boxyi m de, succineimde, phthalimde, maleimde,

2,4, 6-pi peri disnetrione, perhydroazesi nel®; 10-di one, and salts thereof with
metals of IA IlIAor III1B Goup of the periodic table. : The '
sul foneam des and sul fonei m des represented by the fornula (3) include
benzene sul foneam de, N net hyl net hane sul f oneam de,
N—nethyltrlfluoronﬁhbaaékY$altmnaanQnmpqunﬁs&ﬂhfusﬁweﬁéoﬁ WonstABUans of

I'A, 11Aor 111B Goup of the periodic table. . _ O these am de and -

i m de conpowfdthet kasalyspr sgshemdinbyhe herdsentul invent igne iisr ef erred, and
‘the |n1de conpounds of the fornmula (1) wherein R err] represents acyl .
group: -C(=Qudferably sadeBtedrrramdtﬁaséowepzeseHdiehyaqhﬁwﬁQilbunhy
preferred. -14- The -al kyl al um num conpound (c) used as a
constltuentfdﬁmuuhe(qatalyst systemin the present invention is preferably"
sel ected fromthose represented by the following formula (4): -
[err] : (4).  wherein RlL and R2 may be identica
-or different and each - ' ;

Rlm AL(OR?) HoXy - | (4)

wherein Rl and.R2Iméy be iaehtical 6; different and each
represents usua;iy C1-Css hydrdcarbon ngup, preferébly Cy-
Cg h&d:oéarbbn 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'éompounds defined above include

' 'triaikylaluminum compdunds_fepresented by the following-
.fofmula (5), alkylaluﬁinum hélides_repfesenﬁed by the
following fbrmula (6),.alkoxyalky1aluminum compounds
représented by the_folldwing formula (7), and alkyléluminum
Ihydrides represented by the following formula (Bf.' In these |

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

R1AL - - (5)

RLAlX3_, (1.5Sm<3) (6)



represents usually (Jerr]-Cferr] hydrocarbon group, preferably Cferr]- C8
hydr ocarbon group; X is halogen atomm m _n, p and g are nunbers defined. by
O<nx3, Oan<3,*Pp<8, (<3, and m+ n + P 13- g =3. The al kyl al um num
conpounds defined above include -trialkylalum num conpounds represented by
the following formula (5), alkylalum numhalides represented by the
following formula (6), al koxyal kyl al um num conpounds represented by the
following formula (7), anBlAK(ORA)4nj,num hydri des represented by the
following formula (8). In these fornulae, Rlerr], X and Rlerr] are as
defined in the fornula (4) 15-

- [err] S Exanpl es of(0<ﬂé3ab%ﬁ%g%%?k?]%d1'a§%§/nl<gl)um' num (c—lh)rrpounds
~include trinmethylalumnum triethylalumnum triisobutylalum num

di et hyl al um num nonochl or R¥ga1H et hyl al um num et hoxi de, dlethylalun1num
"hydride, etc. O these, trlalkylalun1nun1|s preferred because of mnim zed

(0<m<3, preferably 1.5=m<3) (8)

Esamples of the above?defined alkylaluminu@ compounds
.inclhde trimethylalUminum, triethylaluminum, |
triisobutylaluminum,_diethylaluminum monochloride,
diethylaluminum ethoxide, diethylaluminhm hydride, etc. Of
these, trialkylaluminum is preferred because.of minimized
formation of by4product polymers. These alkyialuminum
compounds may be used as a miXture of two ot mofe'of them.

The halogen-cohtaining compound {d) used as another
constituent of the catalyst system in the present 1nventlon
is preferably selected from those contalnlng an element of
IIIA, IIIB, IVA, IVB, VA or VB Group of the periodlc table.
The halogen contained in the compound is preferably'chlorine'
or bromine. |

Examples of such halogen-containihg cOmpounds are
scandlum chlorlde, yttrium chloride, lanthanum chloride,
titanium tetrachlorlde, zirconium tetrachlorlde, hefnium
tetrachlorlde, boron trlchlorlde, aluminum chloride,

- diethylaluminum chloride, ethylalumihum dichloride,

'ethylalumihum sesquichloride, gallium chleride, carbon



formati on of by-product polyners. These al kyl al um num conpounds nmay be
used as a mixture of two or nore of them The hal ogen-cont ai ni ng
conpound #(d) ‘#sed-as another constituerité-of the catal yst systemin the
present invention is preferably selected .fromthose containing an el enent
of I'lIA 111B, IVA 1VB, VA or VB Goup of the periodic table. The

hal ogen contained in the conpound is preferably chlorine or brom ne..

- Exanpl es of rgHeBchabeogs; COnL &k &f &t C igiNdhedich logddadi um chl ori de,
yttriumchloride, |anthanumchloride, titaniumtetrachloride, zirconium

tetrachl ori decnhatBetAhnk§t £ ACHh D6kt hd1s ,0nt dtiradihll@rode haakym num
chl oride, diethylalumnumchloride, ethylalum num dichloride,

ethyla'U”‘“ggk%g&ﬁ&kﬁ?éﬂ&éﬂ@, B8k A EMTB LTS, lp@ﬂggﬁrichlorobenzene:.

tetrachl ori orof orm net hyl ene chloride, dichloroethane,

trichloroet %&%chtls%eglahﬁfleﬁm?peui a0l ¥ RRENZANAneh exrgEAN B2 E Bape,

1, 3,5-trichl’orobenzene; 1exachl or ocycl ohexane;, trityl chloride, silane

tetrachlorng?mfﬁﬁgg?§?gkgg£2?8§}gggfh?ﬁgﬁﬁnggggggﬁydfya@;o&&ge, tin

tetrachl ori tin chlo phosphorus trichloride, antinony

1Ll o o i oBeABC L0t gL SRR oA s AR A b g
| 'antimony'trichlofide, 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



alum numtribrom de, carbon tetrabrom.de, bronoform bronobenzene,

i odonet hane, silicon tetrabrom de, hexafl uorobenzene, al um num fl uori de,
allyl chléridé! 1,1- 'dichl ofoacetone; %}1-1-trichl oroacetone, 1,1, 3-
trichl oroacetone, etc. - O these hal ogen-cont ai ni ng conpounds, those.
having a | arge nunber of hal ogen atons or those soluble in the reaction.
solvent are preferably used. Particularly preferred exanples are carbon
tetrachl ori addigorenizbaion reaxaockl orsmididne a tetovdekl eeaetbapeprt at ani um
tetrachloride, germaniumtetrachloride, tin tetrachloride, diethylalum num
chloride, etdiyiglesriorumudiciplersdageechbyingutankins sassliasittig de and the

| i ke. These hal ogen-containi ng- conpounds nmay be used in adm xture.

In the preselymatdraitadn deakebk] - ofied i tuthsl Stbjedeted i@ baBically a
ol i goneri zation reaction using a chrom um based catal yst such as nentioned

above in a neawtodN igOWHeRh tRedReactants are introduced from an end o¥’-
ol i goneri zation reactor. Usually a tubular reactor, or a single- or

mul ti pl e- st ayestANightt tape,| SruscdodsedNsr POLNABEA ZRAOHIRAGNN thelhe
tubul ar reactor is basically a reactor in which the reactants are :

i ntroduced frOmBaReRtoictd St HakghhridierrOh ehé Bk Und) shaped bent
pi pe and the . _ o : S
Multiple-stage mixing tank is basically a reactor in which
the reactants are introduced into the first of a plurality
of mixing tanks arranged in series and successively passed
into the succeeding tanks, and the reaction product is
discharged from the final tank.
In the present invention, the oligomerization

~reaction is carried out in such a contacting mode that

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.



reaction product is discharged fromthe other end. Miltiple-stage m xing
tank is basically a reactor in which the reactants are introduced into the
first of ‘a pldrality of mxing tanks art&nged in series and successi vel y
passed into the succeeding tanks and the reaction product is discharged
fromthe final tank. . In the present invention, the oligonerization
reaction is carried out in such a contacting node that. before an a-olefin
and a chrom um basad tat ahgssasdespeoidf acteshti¢tigpaodst,hdhe that is
before the oligonerization reaction is started with the catalyst

. conponent s (fyllowWitly aadtiopsi aagkl paydpe aodemprifiedefin  being allowed to
~exist together, the chrom um conpound :(a) and the al kyl al um num conpound
(c) do not.cone prgwonekiodi BEOinDNbASEinG tthe asHrantiher .coBwommpl dping such
a specific contacting node, it is possible to carry out the desired

Lrimeri zati oy g Gl I | nQ{E') %Cfsbxuuoﬂneoﬂtabnﬁ@l@@é 'Widyoden-obtain

1-hexene fromthe starting ethylene in igh yreld

As to the said specific contacting nmode, the_ follow ng varlous ways my be

exenpl i fi ed.containing Lompsundd (5 /i Bheoabkyhal eREngh rARRAHD MSOURRY a)

and the [err]-olefin into a solution containing the nitrogen- R
~optionally, the halogen- containing compound (d).

(2) Method of introducing the alkylaluminum compoﬁnd
(c) and ﬁhé a-olefin into a solution containing the
ghromium compound (é)( the nitrogen-containing compound (5)
andlbptionaliy, the halogen—containinglcompoﬁnd (d) .

- (3) Methpd of introducing the nitrogen-containing
compdund kb)' the alkylalumihum cpmpoun@ {c} and the o-
oiefin into a solutioh'éontaining the éhromium compound (a)
and optionally, the haloéen-éontaining,compound (d) .

. (4) Method of introducing the chromium compound.(a),_
the nitrogen—containing compound (b) and the a-olefin into
a soiutibn containing the alkyléluminum compound (c) énd
optionally, the halogen-cbntaining épmpound (d) .

(5) Method of.introdﬁcing the d—olefin, the
- alkylaluminum compound (c) and opﬁionaliy, the halogen-
containin§ compound (d) into a.solution containiﬁg the
'jchromium coﬁpbund (é) and_the nitrogen-containing compound

(b) .



cont ai ni ng conpound (b), the alkylal um num conpound (c) and optionally,

t he hal ogen-contai ni ng conpound (d). © (2) Method of introducing the
al kyl al um num:*conpound (c) and the [er19-olefin into a sol ution contai ni ng
the chronium conpound (@), the nitrogen-containing conpound (b). and o
optional ly, .the hal ogen-containing conpound (d). (3) Method of

I nt roduci-ng the n|trogen contai ning conpound (b), t he al kyl al um num

conpound (c) and t g rﬁ&fdfﬂ i@ RCIAH theNoCeNE#i A} NEhé Nensbhodh um
conmpound (a) and optlona y, the hal ogen-contai ni ng conpound (d).

(4) Method of -introducing the chrom um conpound (a),

ni t r ogen- copempaRng é%hp@@@dOEQEOQﬁkiXAu§hﬁwﬁaéP9ﬁnrﬁPBtaénéBguF?%H°und
containing the al kyl al um.-num conpound (c) and optionally, the

hal ogen- cont(dh ningocanpolutigni)containing (the mitHeges CPRERSBLRIng t he
[err]-olefin, the alkylalunm num conpound (c) and optlonally, t he hal ogen-
cont ai ni ng compound (d) amdotke s}kl }aoimmbiamhiaempgunte Céhron1un1conpound
(a) and the nitrogen-containing conpound (b).

-19- © -19- (7) Method 4)ird¥aidwetioky ithier oﬂmwelfgnt,heh{aech]:emmmu n,
the chrom um conpound (a) and optionally, the hal ogen-contai ning conpound

compound (a), the nitrogen-containing compound (b) and
optionally, the halogén4containing compound (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
optionally, the halogen-containing compound (d) into a
solution containing the chromium compound (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 propared
using a réactioh solvent.
In the present invention, the expression "cuch a
:_COntacting mode chat the chromioh compound anq the
alkylaluminum  compound do not come previously ioto contact
hith-each other" mcahs that such a contacting mode is _

maintained not only before the initiation of the



(d) into a solution containing the nitrogen-containing conpound (b) and

t he al kyl al um num conpound (c). . (7) Method of introducing the
[err]-ol efin,stherchrom um conpound (239~the nitrogen-containi ng compound
(b) and optionally, .the hal ogen-containing conpound (d) into a -solution
cont ai ni ng the al kyl al um num conpound (c). (8) Method of
I.ntroducing the a-ol efin, the nitrogen- containing conpound (b), the s
al kyl al uni nighigomesization ardctiopnibwal also tdiering ayiditdomadi P L¥onpound
(d) into a solution containing the chrom um conpound (a). - (9)

Method of i nd¢ elugiidrdrt ReRcRlkafivet EBRpSHEARS Uht o CBOtstt o)., Bhe

ni t rogen-cont ai ni ng conpound ('b), the alkylal um num conpound (c) and
optionally, the hal ogen- containing conmpound (d) into a reactiaon stem
~si mul t aneoudiBt Sa i@ EdFe FQRLAFT1BP ’@8‘8?} bf h%r’.go e reqmﬁer?eé'é‘cﬁ%gé‘é&t he
said solution is usually prepared uslng,a,reaction sol vent.. , £ In the
present i nvARERATALIRS @06 d8sPENNOsFLANAILERRERRT IR RFPRTREThe
chrom um conpound and the al kyl al um num conpound do not cone preyiously

i nto cont actthenaatadysk -ot Feerefesds thatcakrlyst éﬁﬁF&@Fﬁﬂgfﬁﬁﬁet%§

mai nt ai ned not only before the initiation of the , '
-20- . reaction system can be recycled to the reaction system

without'cont:adicting_the_said specific cqntacting modé.
The_reasoﬁ why the a-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
.alkylgluminUm 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
the 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



ol i goneri zation reaction but also during additional supply of [err]-olefin
and catal yst conponents into the reactor. But this specific contacting
node i's & node required in catalyst prédaration and is of no significance
after preparation of the catalyst. Therefore, the catalyst recovered from
the reaction systemcan be recycled to the reaction system w thout :
contradicting the said specific contacting node. The reason why the .
a-ol efin ol pgogepLeatihop ARACEADY prsdinddly ileadedueecd whencusongos
chrom um based catal yst in such a manner that the chrom um conpound and
the al kyl al um ni um conpound are previously contacted with each other is
yet to be atbeudiredefin, obigomewl 3311w HRRCsONe HCEANEEY - It is
consi dered t hat when. a-chrom um conpound and an- al kyl al um num conpound are

contacted with each, otferyrddgfie i dRIRIoRl, 250pachitdead sxchefge reaction
bet ween the Iigand -coor&?natlng In the chrom um conpound and the al kyl

group in the alkyl al ym nu 0 und. .The al kyl -chrom ym n pr oduced
by this reaEPPﬁFll}\{gt?)‘graégpﬁﬁéﬁgﬁ’@’w irietcf :?Zd ca?lrl?ﬁm- %ﬁ‘roo 'rrgrg#cgﬁpound
obtai ned by the ordinary. nethod. Therefore, a deconposition/reduction
reaction of ,khg ﬁék&artfﬁtﬁ%lb'ﬂé@mpom ¥anees spkRf a-eNkiEahkyaréher eby

causing denetallization unfavorable for.the oligonerization reaction
"2l 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—trimeth§lpentane, decaliﬁ,'etc., and arbmatic
hydrb&arbons suéh 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.



of [err]-olefins, and this presumably | eads to a reduction of t he
a-olefin oligonerization reaction activity. _ In the present

i nvention, subStituted or non- substituped [err]-olefins having 2 to 20
carbon atons can be used as starting [err]-olefin. Exanples of such
[err]-olefins are ethylene, propylene, 1-butene, 1-hexene, 1-octene,
3-nethyl- 1-butene, 4-nethyl-1-pentene and the like. Ethylene is

particularly preferredapddreiddmes isbexgne, fanhe omedue?élsaerefrom in
a high yield with high select|V|ty As a reaction solvent, there

o, such Aot ARt ?%3?52§ﬁ;%§?9%9§an Ul aide S corPen

pen ane,

2- nethylhex cIohexane o e

2,2, 4-trinet n%% %%ir}genta%cé‘}ppﬁesgt ék"é?g Ei %égee?%F%ré%?%%%s such" as

benzene t ol uene | ene | benzene mesi_tyl etrali t.c. These
sol vents mayP QY'E%%% @r%%gl@e& h.se,ngdﬁpiﬁﬁ yCRlc hydr% ’éb‘?re'acat i on
solvent, it ossi b e to use the a- ol efin,supplied as reactant or

ot her source%l TQQQ%YQﬂQﬁ§9¥1V1thCﬁﬁebﬁrQQEﬁPHFﬁvention [err]-ol efins

havi ng 4-30 carbon at ons, preferablé [err]-olefins which are |iquid at
ordinary tenper at (bt the Presegtadnve EE‘PBn theappunt of the chromium

compeund (a) allowed to exist ;s usually in a range from 1,x N
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 usuelly.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 litre;ef the eolnent. The amount ef the
_alkylaluminum compound (c) is usually in a range from 1lx
107 ,to 7 x 102 mol, preferably frem 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—eontaining
eompoﬁnd is nsually in a range_fromll X 10;7 to 0.1 mol}
'preferably from 5 x 1077 to 5 x 1072 mol, more preferably
'frem 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 leasﬁ ene niﬁrogen—containing compound (b)
selected from the group consisﬁing of aﬁines,_amides and

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



-22- : It is preferred to use (Jerr]-Cerr] chain or alicyclic
saturated hydrocarbons as reaction solvent, because use of these solvents
suppresses$ f ot hati'on of the by-product: -$®+yners and further when using an
alicyclic hydrocarbon, a high catalytic activity can_bé obtained.

In the present invention, the amount of the chrom um . conpound (a) all owed
to exist is usually in a range from1l x 10[err] to 0.5 nol, preferably

from5 x: 10fcempound Qd? dal thevreacpied espdtam f (@m 1 xB)0-:6 (0 T xdiP[err]
mol per litre of the solvent. The anmpbunt of the nitrogen-containing

~conpound (blis usuadagl by :i 0.a-1e0ge 61 Da5d0 x: 1®[641do,t Preflramily preferably
from5 x 10[err] to 5 x 10[err] nol, nore preferably from1l x 10-6 to 1 X

10-2 nol "perp li-upe,: af-10be:solyepd, mbee apFafdraiiy he : aldgyl.alsuwsionum -
conmpound (c) is usually in arange from1l x 10[err]- to 7 X 10[err] nol,

preferably iforonsp XoRPigifd £Rede Xspddiatid cdﬁ@htl%%‘? ateigrﬁskynfﬂ@m 1x
10-6 to 1 x 10-2 nol per litre -of the solvent The anount of

hal ogen- contyg) ﬁyaagucgognguggfﬁey pald2eih 315 asrfr%}le;saag;g”l to 0.1

.mol, preferab rom err noré preréerably from
1.x 10-6 to 1 x 10[err] nmol per litre of the solvent ~In the
present inv&exese, ﬂﬁeanﬁﬂéldrafl©0©f1%$§cﬁhinn9%%ﬁnbuﬁd9@6)ba@@dl@ast one
ni trogen-contai ni ng conpound (b) selected fromthe group consisting of
am nes, am db&e awveraild produatkohal Lﬁnnnhamorm@uridh@e;)enandontent in
halogen cont ai ni ng

the produced hexene can be elevated to not 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 te 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 ef 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 raﬁge 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



-23- conmpound (d) "in the reaction system ((a) (b) (c) (d)) i's
usually 1 0.1-100 0.1-500 : 0.1-100, preferably 1 0.1-10 1-100
0.1-20, ndre pteferably 1 1-5 5-50 -23- 10. By conbi ning these
specific conditions, it is possible to produce the desired [err]-olefin
.ol i goner, for exanple hexene, in a yield of not |ess than 90% by wei ght
based on the overall production. Further, the 1-hexene content jn t he

‘produced hexsnigameriattlay e tionneblbessnt harhd Pécovery methBagcti on
tenperature is usually in a range fromO to 250[err]C, preferably fromO

to 150[ err] GisdBlue i eftty PPsdnt0nnt i0h0iA0DLEE Mtke FEBKIW iy Pr eSSUr€
can be selected froma range fromordinary pressure to 250 kg/cnferr],

preferably 3 to 10 / r Lon tlh ual 1 nge
fromone mnute qt)o Tﬁ%gﬁ‘(c)trjgrl;%frl]ﬁr e%ﬁsgﬁ‘% f’?o tisf%géGa"ﬁ%% “Flttrh%
advi sable to |l et hydrogen exist in the reactlon system since this | eads
t o an enhancekhegamesfizadtigny tieackdonyispyutindn, andi pise sehaining thy- The
presence of hydrogen is also hel pful for reducing the by-product
pol yners |rnprqdqnmupnkymer1amdﬂcwmaﬂYSUbempanknnessreT&mnesnnnataﬁ and
hydrogen allowed to - exist is usually in a range fromO0.1 to 100
kg/cnferr], recoprefert eddgetfheam 0. 1 to 80 kg/crr[err] in terns of partial
pressure of hydr ogen.

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 reaétion 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



In the present invention, the catalyst conponents and t he by- product
polymer are recovered S|nultaneously fromthe _
-24- = ol i goheri Zation reaction sol uti 8A>~ The’ recovery methods wusable in
the present invention include the foll ow ng: 1) The a-olefin _
oligonmer is distilled away fromthe oligomerization reaction solution, and
t he remmi ni ng ‘by- _product polynmer and catal yst conponents are concentrated
and recover®fd Rfetthe evaporatory) Fpetheralthe nakAiofONPONEAYShy- product
pol ymer are separated together fromthe oligonerization reaction

sol uti on, ar@ERQfeH-qtheon égﬁe] heasfing arpgohendi 5o dinterfeer avkhh H‘H’é’rﬁn@he
reaction sol ution. ' In.the conventional a-olefin ol i goner productlon

process, tkmpﬁnthﬁ(ﬁﬂﬁﬁoqﬁﬂqyners and the catal yst conponents are separated
by the separate operations. In this case, a wsolid/liquid separator for t he
by- product pol yrer 0 &her @qberedasépaaacerglmqomtéhenejmodjsﬁd tiher |
separation of the netal conponents, resulting in a conplicated process and
hi gh equi preertessrst .indeqd iaon, Hecordestasce, dinf el abeve-mmpaiatesd t he net al
conmponents whi ch have béen netallized due to the heat history applied
during di st iméttiadrm) ,separca ithe o&-pheduconpohgmes 19 ¢dmecereacttiezh and
solution. For instance, when it is tried to separate the high-boiling
recovered together with the catalyst components, the
catalyst components can be very easily recovered owing to
| plasticity of the by—produot polymer. Furthér, it is
possible to dispense with the solid/liquid separator for the
 by-product polymer, thereby allowing a substantial
simplification of the process.
In the above—mentioned méthod 1) of thé present
- invention, the concentration and recovery of the”by-pfoduct
polymer and catalyst components can be accomplished
‘simultaneously with simple distillation.separation of the
- “whole low-boiling components from the degassed reaction
solution. It can also be accomplished simultaneously with
final 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



conponents and the metal conponents by utilizing a heating evaporator, it
proves substantially unable to separate the netal conponents since they

are .deposited'on the heating -26- : - -25- area
of the evaporator. Further, the metal conponents deposited on the heating.
area tend to. interfere with running of the evaporator. - On the

ot her hand, according'to a nmethod of the present invention, for instance,

in the abov 1080t hgedwa et POH dhe lséatcﬁdrh%dl‘ﬁtﬁlbﬁdHﬁ&léothgﬁ‘éatélyst
concentrated and recovered together with the catal yst conponents, the

cat al yst cog’eassﬂtﬁtsaargurtﬁean@@a?eéa/ IRE QRIS QU RGobOneP! ASERCERY Of

t he by-product™ pol yner I's possible to diSpense wi.th the

Solidlllaul §yS8a8aLer pboret it ol PIAMICLrRRhYFREal BT E0YOR! | OV NG &

substanti al e process. . In the above-nentioned

met hod 1) of Eglgaggegﬁ a%gv§9%a rnégéyuéyugﬂgIE%H&?%SQnQO&ES§¥ﬁ£¥ of t he

by- pr oduct CSO yier S can be acconplis

Si rrultaneousl ngSngﬁ g%i% ﬁtH&éea%ﬁp sepq:raité on of the whole

| ow boi | i ng™& gasse feaction solution. It can al so

be acconplished si neousl f | ; : -
wher e tﬂg conponen?u tﬁ presgnt 1nvenéfg%' dlsﬁbgs%t g SSEQERE'BQf'n case

product polymer and at_least part of the catalyst cdmponents
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 eff1C1ent removal of the volatlle substances contalned '
~in the flu1d. 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



materials are distilled and separated successively fromthe degassed
reaction solution. For instance, in case where the starting [err]-olefin
i's ethylefie, 1*hexene is obtained as they_a-olefin oligoner. |In this
case, ethylene is renmoved from the reaction product, and then 1-hexene and
t he sol vent are : I - 26- ~di stilled awnay
fromthe reaction solution while the catal yst conponents are concentrated

and recover gd_{96ahRer ¥ bhok Nena by RLAC Lo ARIORILRY eBfcaliEaEaRCRp! T at ed

solution co Ining t y-product -polyner and catal yst conponents” may be

sol ution oot &l nrng the By=prodict” pol PUEaral yst -corp my |
part of the kY. PURrbaue: PROFonE e FRhE S, YRR ppPlon®as

cuch si mit ¢ 28e5he SEEERER S MG TTS B e g R B R T "
Gl ther _case oMK apar bRAt CERBbEH St RN AR aIed BoFCrEaBoget er |
breferabl y FRERAR BoREENRTAY ctoBYo4 Heafing  evaporator, therehy ¢
recovering the catal yst copponents. It is . ,possible to use known
heat i ng evaporatorénsﬁﬁﬂecé.l%ytFﬁ?ﬂqwqqqqgﬁﬁbﬁﬁﬁF&PQh&VﬁﬁarétgﬁrHﬁ%? bl ade
mhICh turnsin-the presént_invention is a monotube evaporator 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 and they can be separated simultaneously

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



along the heating area in the cylinder, or an evaporator incorporated with
a plate fin type heater. In the latter evaporator, a high-viscosity fluid
can be heated® i nstantaneously by t he. f128s arranged at high density to .

al l ow efficient rempval of the volatile substances contained in the fluid.
A typical exanple of this type of evaporator is "Hviscus Evaporator"
(trade name, nmanufactured by Mtsui Zosen Co., Ltd.). According to the
heating evapanaberremargkably simplified and a stable operation7is

by- product pol ynmer and catal yst conponents concentrated by the built-in

pl ate fin-tgnsuhedt vithoow cawsirng cortenipetion off theedéghpbtatbPidue to
plasticity of the by-product polynmer, so that they can be easily recovered
by cutting tbkemin a properly cooled state. An especially
‘recommendabl.e heating evaporator used in the present invention is a

monot ube evapor at orn ptiy i methodvi2)h of et iprg@senpe ihsrenhgyon, stii€i ci ent

| ength and a recovery tank which is capable of retaining a vacuum zed -

state. An exaHBLeofl sbDi6ibd PELSEhMARDT At T Hes reGl¥r SYSTEM ifitoade
nanme, manufactured by Hosokawa M cron Co. Ltd.). I'n this nonotube

evaporatpr’dEBﬁsQQH&eEEhﬁtﬁﬂeréoﬁhéiéﬁldﬂmdﬁﬁisﬂaéqaﬁséﬂga&ﬁdtﬁéappFation by
the heating pipe iS injected into the recovery tank at a high speed
| _ prcduqt.polyme: dissolved thereip is precipitated. During
this operatioﬁ, the feaction'éolution.needslto.be
ﬁaiﬁtained at a temperatufe less than 80°C. If the soluﬁion'
tempgrature is not less than 80°C, the by—product polymer
ﬁay be dissolved in the.sglution.
lfhen the caﬁélyst’tomponents in the reaction solution
are precipitated.'.varioqé precipitation methods are
available, éuch as §u£jecting'the féactibp sélution to an
 oxidation treatment with.an oxidative gas or an oxidizing
agent; or subjecting the reaction solution to a reducing
tfeatment with a reducing agent.
| In case of conducting an okidatidn treatment with an
oxidative gas, there éan.be used oxygen, ozone,_chlo:iné.
dioxide (Cloz),.chlorine, nitrogen oxide (N,0, No; N,03 and
N,0,) and the like as oxidatiVe.gas,'but oxygen or a mixed
gag.of oxyéen and.an inert éas is pfeferred, ahd air is most
| recommendable for_thé reasons.df economy and_safety.: The
oxidatién_treatment with an.oxidative gas may be implemented

by various methods such as (A) retaining the reaction



substantially equal to the acoustic velocity to efficiently renove the

vol atil e substances contained in the concentrated solution. The by-product
pol ymer and cét al yst conponents concentpgted in the recovery tank flow
~down fromthe bottom of the recovery tank due to.plasticity of the .
by- product polyner, so that they can be easily recovered by cutting them
in a properly cooled state. = In the above-nentioned nethod 2) of the

et ot FSin U SRR 16 TRACAL Ao 806 B RLOONS MRS ©

precipitated. ey can be sépar SI fu neously

solid/ i qui i at.ar t the _p ' .
- 28- “can %%n%r@gﬁ ?%Ssl rr%lttf).f P’g gﬁgggf%?a%?léu%lpoenr'at lon is ensured

W hout Sausi 1 cOR A B3, B0-OhekDEOALA WALLa VR, ceporign [N 1hE
“and the by TR Torratiate 451 dRaCrtereEng 4 ARIRRRER A ng
s 9Per 21 Alicort e8P LB oL 4B UEEHS SRSl BB A A s o,
than 80Lerrl G I NSmpelidTe LS YaP10088) Brefesadly oo 'fo 'gts S Fot o™
period of 0.02 to 50 hours, preferably 0.5 to 24 houfs._
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 m;nimize 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 derivétive#,.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



Then t-he catal yst conponents in the reaction solution ‘are precipitated.
Var i ous preC|p|tat|on nmet hods are available, such as subjecting the
reaction soluflon to an oxidation treat@nt with an oxidative gas or an.
oxi-di zi ng agent,  or subjectlng the reaction solution to a reducing
treatnent with a reduci ng agent. . I n.case of -conducting an oxidation-
treatment with an oxidative gas, there can be used oxygen, ozone, chlorine
di oxi de (C Geeruged, ofliat ramcluider ogen exampléN sulfd;; NRrd¥ictad Guetr ] and
N204)  and the |ike as oxidative gas, but oxygen or a mixed gas of oxygen
and an i nertagjdsydrsogurefpamod degndagiibubssabss of cteavenistdle fars the -
reasons of econony and safety. The oxidation treatment with an oxidative

gas may be i (giprent (), yilwar qu)pelbads (SUE) é@sc (A)with argdyddhe

reaction -29- solution in an
oxi di zi ng gaforfl AMSINIEENAINCB) viaRtibadushlgs 88 MLl Zidws Osrddt Qe
reaction sol ution. In the above-nentioned nethod (A), the reaction

sol'ution is ¢sdaitnedrin arrdond Zviy, 9&5n§5ﬂ8§8h@fﬁlw tdeBiuORANt rati-on
of 0.1 to 100 vol % preferably 0.1 10 20 vol% at a tenperature of 0 to

100[err] C, pued &f %hh}’chl%atrp ﬁQb@rGLPléQé @alé&?éé&d &d @ giefsoti%r%lfrs

preferably 0.5 to 24 hours. he ‘above-nentione
0 01 to 20 v@t %hese substances, 31lver (I) salt, cobalt (III) salt,

a

chrome (VI) salt, manganese (III) salt, cerium (IV) salt and
sulfur are preferred because of ease of tréatment and safety.
The oxidation treatment_with an oxidizing agent is
preferably carried ouﬁ,in an inert gas (such as nitrcgen,
etc.) atmosphere ac 0 to l00°C, preferably 10 to 80°C for
about 0.1 to 48 hours, preferably about 0.25 to 24'hocrs.
It islconsidered that by this oxidation treatment, thé
chromium compound 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
componentc. o
In case of conducting a reducticn treatment with_a.
reducing agent, various types of known reducing agénts can
be used, which.inclnde zinc,ISOdium, potassium, magnesium,
etc. Zinc and magnesiun are preférred for the reasons of
eccnomy, ease of treatment and safety.
| _ Thé redﬁcticn treatment with a reducing agent is

preferably carried out in an inert gas (such as nitrogen,



preferably 0.1 to 10 vol % oxidizing gas is introduced bubbling into the
reaction solution at a tenperature of 0 to 100[err]C, preferably 10 to
80[err]C, ‘for*a petiod of 0.01 to 50 hegts, preferably 0.01 to 2 hours.
In either of these nethods, it is inportant to select the conditions that
minimze formati on of the peroxides from the above-defined ranges. The
oxidation treatnment of the reaction solution may be carried out in the

presence of &ft.)anitn@spiidte 3@ @StBOL0bOCA! hA¥ESLaWRY i1 tf gTRICOdoges.
Various types of antioxidant, such as quinones, aronatic am nes, phenol

derivatives s RRSRNANIte AG KoBELS! Prefilibly L9OPOUNGS HNGEPRYIMS . .

conpounds, sul fur-phosphorus conpounds,: dial kyl sel enide, phenothiazine

and the I'i kg4 Eiéé%%q.ofriorsolEE?oBr 81 BBRL act A6 H dirdd NEHRS Py be

diluted with an 1nert gas such as nitrogen or argon gas. I'n case

of conduct | iyt XilalcrankiALERRbuMk' Ds Preli A HPNan YA/ OUS

types of kno oXi di zi ng agents nma - 30-

be used,  which Jag Wde + HeObpeXafiRkeor Hk%fﬁét eroxi des such as hydrogen
3 RIS

peroxide; various salts of heavy ne éilver (1), silver (1), lead
(1), 81010 W L ventokopie BALETLLLO ARG AL LRSS HOPLRL 75
etc.) which GaN NN LRA1DrY 2eqlERTon PP QEhSIES, 1R raryse |
componénts cah be separated and.removed simultaneouély with
the'by—product polymer in the reaction soluﬁion; Separation
of Phe precipitated catalyst components and by-product
polymer can be a¢complished'by using a known SOIid/liquid
separator, without causing dissolution of the by—produgt]
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 présent invention,.in order to effectively
conduct the simultaneogs recovery process of ﬁhe 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 ih a
dispersed state in the reacﬁibn solution in the process line
from.the outlet of the oliéomerizétion-reactor to the inlet'
of the distillétion tower, thereby preventing loss of the
said bdth substancés till reaching the said simultaneous

recovery procesé. ‘The “dispersed state” referred herein



O these substances, silver (l) salt, cobalt (Ill) salt, chrone (VI) salt,
manganese (I111) salt, cerium(lV) salt and sulfur are preferred because of
ease_of treat'tent ~and safety. Thg oxidation treatment with an
oxidi zing agent is preferably carried out in an inert gas (such as
‘nitrogen, etc.) atnosphere at 0 to 100[err]C, preferably 10 to 80[err]C
for about 0.1 to 48 hours, preferably about 0.25 to 24 hours. ‘It is

consi der ed Fﬁ?&ug¥stﬁé§.§§%ggii%?héffgﬁgﬂgﬁﬁiohh%ta$gfBGEU51§9”9°§GgVé@ t he

reaction so Fon s Oxi t cause "a change of form of the catal yst

~and a drop q ol uhj Lt r indyci n i R i O the, | yst
cogpopents.SLatg' L¥ﬂr#%£%ﬁ§4ﬁiéyﬁégbét#%glg Péggé?}%ﬁé?r§%§%%ﬁgﬁaﬁﬁﬁﬁays
reduci ng agen
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.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
'oligéﬁerization 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 been proposed in the art of a-

“olefin oligomerization, is also a recommendable method.



agent, the chrom um conmpound is precipitated and can be renoved as the

obt ai ned precipitate. Since the catal yst conponents

preci pi tat'ed by the above oxidation or-ggduction treatnent,

conponents can be separated and renoved sinu[taneously W th

are

t he cat al yst
t he by-product

pol yner in the reaction solution. Separation of the precipitated catalyst
conponents. and by- product polynmer can be acconplished by using a known

solid/liquid separrﬁboabo%theﬁﬁlsﬁélélxﬂélu%&smutléﬂbr@‘ ﬁ&temlaxn%%&ﬁtg

polymer. A filter or a centrifugal separator Is preferab y

used as

sol i d/ 11 qui dyEeRAlHeMsed state oknpﬁlﬁé £11 0 el grest @f ﬁ&T%mer in

above-nentioned nethod 1) in the present i1nvention, in order

effect i vel ¥ cxeP il e SHHRNLLANCONy SREOURIKAY, 048" re_gfwspby pr oduct

pol ymer and catal yst conponent i'ng advant age o

asticity of

the by- prOd%dlu‘E‘i'o\ﬁmigI g%gglgegxear guﬁt t?lﬁééi‘g@ﬁré%g&f Q{é@st riot! ’T%%%%%t S

are nai nt ai-ne state In reaction

fon I n

process |1 NG dd g Ubleet yal ol e SLLECTES | £ALL 0L BAGLP nd0 s T et

of the dIStI |on ower, there reven
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preferred for the purpose of the method, is adopted, the

reaction performance is not reduced since such temperature

is applied to the reaction_solution discharged from the

oligomerization reactor.

The above-mentioned method (II) is one fbr'

maintaining the dispersed state of the by-product polymer in

" the reaction solution by turning the by-product polymer into

‘a powder form having smail tackiness. This method also

contributes to the enhanéement of catalytic activity and

trimer selectivity. The amount of hydrogen allowed to exist

in the_oligomerization reactor in this method is usually in

the range 0.1 to 100 kg/sz, preferably 0.1 to 80

kg/cm? in

terms 6f partial breSsure,of hydrogen; and in the range 0.1

‘to 30 vol%, preferably 0.1 to 15 vol% in terms of hydrogen

concentration in the gas phase in the reactor.

The above-mentioned méthod (II1) is one for

maintaining the dispersed State-of.principally the catalyst -

components in the reaction solution. This method also has



state. In this enbodinent, it is possible to avoid various troubles
resul ting from.deposition or precipitation of the said substances in the
process line (incllding accessory: equi pgent such as piping and

distillation tower): o Vari ous nettods, especially those nentloned
bel ow, can be used for maintaining the by- product pol ymer and catal yst
components in a dlspersed state in the reaction sol ution. - (n)
Met hod of nta erature of the, reagtion solution in the
process Ii n 6{%‘? ipgag SFFB‘BF@WQa‘P dh& e%%t%rrwt"d:tt he inl et

of the dlstlllatlon tower at .a | evel, not - causing_precipitation of t he
by- pr oduct 'Rﬁﬂ%ﬂﬁﬁ by °°nvert€P9)1Ebﬁﬁ68 BPWHREY AT Geidlk o t he
gas phase in the oligonerization reactor. (1'11) Method of adding a
conpound scﬂﬁﬁﬂ&$HQ$ﬁ:heASrEaﬁtF@ﬁp%%m@e%@lQhkﬁtﬁﬂHQH? éEBGNdPRQSQBN?PFy to
chromium into the reaction solution in the process line fromthe outlet
of the oli g inaatingh & &eaddngt gbipétyntet chrombam (hkis |gampaynd over ..
Addition of an antistatic agent to.the reaction solution, which has
al r éady beedgnspdwxe iing fitiesr xefested- tOoﬂéfmﬁt%4|@ﬁ#ﬁblb@ﬂnﬂgtaqaﬁtdbso a
recomendabl e nethod. -33- .

there is usually used a low- molecular weight compound having

a -X-H functional group (wherein X is hetero atom and H is
hydrogén atom) or a lOw-leeéular weight compound having én |
active methylene_group. Exampies of the former compound.
inc}ude 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'propanediolt 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, phthallc acid, malonlc ac1d, suécinic acia, glutaric
_ac1d,_ad1p1c acid, acrylic ac1d, malelc ac1d, 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.



The above-nmentioned nethod (1) is one for maintaining the dispersed state
of prlnC|paIIy the by-product polyner in the reaction solution. In this
met hod, the réactibn solution is maintagsed at a t enper at ure whi ch does
not cause precipitation of the by-product polyner, usually not less than
80[err] C or above, preferably 80 to 200[err]C, nore preferably 100 to
150[err]C. Even when a tenperature of 100 to 150[err]C, npbst preferred

for the purpose of ThaepaetBatageSopdoRs eflet 4N6solBAAIAMgPAGEAETRBEE | S NOt
reduced since such tenperature is applied to the reaction solution -

di schar ged ffayMeh@el@ldtaameiomahi Aqe CASASE - from a tradt® AMRRNE- ¥RNE oned
method (11) is one for maintaining the disSpersed state of the by-product

pol yner in ﬁ%érﬁa@duq@aigh‘ﬂt'BﬁthttHEnb?r‘é%%;t% - URinROISIRY i nto a

powder form having snall facki ness Thi s al so contrlbutes to the

enhancenent Oofoog_att%l )stol%cbg,clg,,ﬁ\i%]h Qre fggérgﬂfcdlollt% 'H?seb@nount of

hydr ogen al | o to exi st |go rlzatlo reactor in thrs nethod is

usual Ty 10 (e fange Qe o %ogo@m?at (6 Bl rbep BOpkg/ontert] i

terms of parti pressure of rogen, he Tange 0 30 vol %

preferably Qyte 1% WldehBa gEmbng! SLydr goen congents []z%;qqo%de@mt B,

phase in the'Teéa jove-en 'S on
T e S5 AP oL IEABELLY Sty gponents
| component in the reaction solution. 1In case where a plural
number of distillatioh separation steps are 1nvolved, 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 tq recover the
unréacted.portion of o-olefin. Thus, in this embodiment,
the degaséing of ;he reaction solution is conducted prior to
other unit operations. In the conventional industrialized
a-olefin oligomerization procesé, unlike~in the said
embodiment of the presentlinvention; separation bf 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



- 34- '_the_effect of mai ntai ning dispersion of the by-product polymer by
converting it into powdery form having a small tackiness. As the conpound
soluble in tHe reaction solvent and havigg a bonding ability to chrom um

(this conpound being hereinafter referred to-as nmetal solubilizing agent), o

there_is'uSuaIIy used a | ow nol ecul ar wei ght conpound having a -X-H
functional group (wherein X is hetero atomand His hydrogen aton) or a

| ow- ol ecul afy-pRicdikctCREROKAE RaVEasr 88d &6t | W HEdHY I ir@UAn Exanpl es
of the fornmer conpound .include al cohols, phenols, carboxylic acids,

primary or ,Seeendary Eia&eaaiaegiﬁaa%h@sté}&ﬁﬂqohﬁ;maﬂd&.I arhes is
conpound i s acetyl acefone. The sai d al cohol s i hcl ude net hanol .

ethanol,  pr ganhe AUGBAOLNaPCRHABAL: pPEXEEClon PRI kel [h14he nONaNOL,

decanol ., -benzyl —al coh yl'ene glyco trimethyl ene glycol, and

pr opanedi ol .o, The Sl ABRNG! 5-bacLuderphepolya &f SESlexdil i1y digpaui none.

Exanpl es of €. sal d carboxyl acrds in e acetic ac propi oni c acid,

e o bueeidiBhid PRy DRXCPAL pE6EEss NEDIANALGE T By BELABRIGA2C) ¢

nonanoi ¢ ac!&1 ecanoi ¢ act enzorc-acrd, en cetic _ alic :
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above as a boiling point by-product substance (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
reactién 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 chromium—based'catalyst system of the

present invention, the formation of the a-olefin oligomers



- catal yst constituent may be cited as typical exanples of the said primary
or secondary -am nes. - 35- The

per cent adge of*‘t he’netal sol ubilizing agem used nmay be selected from.a
wi de range froma trace anount to a . solvent equivalent, but .it is o
~preferably in.a range from 0.001 to 50% by weight, nore preferably 0.01 to -
'10% by weight in terns of concentration in the solvent. The timing of

addi tion of ot Rer sehsh "Blidx&td U dgeding 190arbutieyie, besakedoyedt age before
distillation separation of each conponent in the reaction solution. In

case wher e gophhéaban MbWhEHE Hindl Sitr |d aliighn ysepay, akbothat epReps eis ol ved,
the said netal solubilizing agent nay be added imedi ately before the

final distijlagige sbepvabeis MBhdlddealdrdh en ihecaBRakrsubst ances is
nost likely to take place, but it is - preferably added i mediately after

the reacti ofaBEOLESS by ordinaiyl dllsH R AIEANG 20 ohfiecREeegBLLbgvent | on,
the reaction solution discharded fromthe oligonerization reactor is fed -

into a degassipg L ti;@n -ol ef in.
T e A A e

conduct 20, P 8Lehgs, Ot aRer 3t 905 pokByie SATVEDRORas 02

embodi ment of the RLEPellveAYERL' O cASRAR M2g¥ssifl§ BE 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 embodi&ent of the present invention, thg
degassing bf 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 on 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 reducéd 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’q4 -



product polymer has been conducted separately fromthe catalyst conponents
by using a solid/liquid separating apparatus. In such conventi onal

process, ‘separation of the -38- ' _ . -36-

by- product polynmer is carried out with the pressure in the reaction-system
‘mai ntai ned substantially unchanged. This is for the reason that in the
production of 1-hexene by the said conventional process, the yield . of

1- hexene i sgoneEinsuiigenently hegdverst tde disrdddaties watilendrd by-f or mati on
of a large anount (not |ess than about 15 wt% ) of low boiling point

- by-product §¥Q§héﬂCFoi§m@ﬂt &Ne) catsl ydBtcdrfporidit splaees ¢oackentrheedeandi on
systemis reduced close to ordinary pressure after the reaction, the

~cooling | oade-Reee8820Y HOEL&MS! | ITrAtinen pyeRaKAL Ladeatidnput ene (boiling
point: -6.47[err]C) fromthe unreacted ethylene is increased.

Theref ore, 'bapyaﬁté_ak%ﬁom{& ng%ﬁ@ﬂtm&%ﬁ Schd M, -preRRicat b@nyﬁ\fért Bad

by-product polyner 1's conducted after the reaction wthout [owering the

pressure, aﬁgt%ﬁ§§t1é§“£’8933£§|’Fls&f"a‘{ %F‘ea%ti@rﬁtsidl!lﬁtﬂo@xnca‘fﬂ bl the

pressure being réduced ~gradually in the ensuing unit operations. However,

o e oo PR IS Mgt PO o LTS SRR
operation e%%i%L%n%ﬁblgh§owéboiling substances from the degassed |
reaction sqlution, or_performed simultaneously with fiﬁal
.run of distillétion in case the fespéctive.substances afg
dist;lied and separated successiﬁely'from the degassed
reaction so;ution.- ' |
for instance, in case where the a?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 formation of

by-product i-butene is mihimized, so that by treating the



sonmeti mes cl oggi ng of the solid/liquid separator with the by-product

pol ynmer. In contrast, in-an oligonerization of a-olefins by use of
a specifi‘c chfom um based catalyst syng@Lof the present invention, the
formati on of the a-olefin oligoners ' -37-

other than 1-hexene, especially 1-butene, is reduced and 1- hexene can be
obtained in a high yield, so that there is no need of recovering 1-butene,

and even in §§é€1éﬂ églu gfgéﬁjqﬁéta€$éy§ pgg§éyrgydbs§iﬁ pdion, the

cool i ng | 08 necessary sepa atlon i s markedl'y | essened.

carry out cRbEeeHE B by dRT CBECBRRREae LS seotanet o 1

carry out d 1 on ore other unit operations.

This | eads to t d t d

convent | onaFeBFbLRREeEr rea*?esrb% Qﬁ@m°algé’l§@n€%?%§ngémﬁ§sé“C%Qﬁaﬁmg |
| ted, and th di t t
.Sr;?sﬂfeeclsi‘gpre Gehinaryren culd cachah hbeRBRGRE, R 3 eled,

hi gh. odj ment _of the pres | Ssi ng
of the r eac‘(’iLBﬁ @65&??6%& %“E%f G qd §? ﬁoﬁﬁ??%ﬁl{’%g ?%Q‘gh?‘g‘?ﬂglu% |y
to not nore than 15 kg/cnferr]G but in view of the regulatlons on

handl i ng ofrﬁﬁéééﬁﬁe vessels, it is preferable to reduce the pressure to
not ' ;

The recovered a-olefin oligomer is purified as

desired. Distillaﬁion ié-usuélly used for purification,
whereby the objective subetance can be recovered ﬁith high
purityﬁ According to the'process of the present invention,
it is possible to produce, in particglar, 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 polymerizétipn reaction using a_known
polymerization catalyst. |

The process aecqrdingeto the present invention is an

industrially advantageous'prOCéss for the preparation of a-

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

by-product polymer tegether with the catalyst components.



nore than 1.9 kg/cnferr]G Even nore preferably, the pressure is reduced
to not nore than 0.2 kg/cn2G as it is possible to conduct the
substantlally sane operations as it is wAder ordinary pressure. :

Then the reaction solution fromthe degassing tower is supplied into a
distillation tower and the produced a- -

-38-  olefin oligoner is recovered as d|st|IIate whil e the by- product
pol ynmer and BEXEMBIFRY conponents are concentrated and recovered as bottons.
~ln the present i nvention, ~concentration and separati-on of the by-product

pol ymer and ~cat al \{thie paepenentavénoﬂbhhSSrcpraIHEdmﬂnﬂmdre(dytdmi in
conducted sinultaneously with single distillation separation of the whole

I ow boi | i'ng tHe Haeed dy @Xainpe edegndsedmpsaci voNesapleHN buy iRer f or med
simul taneously with final run of distillati-on in case the respective

subst ances amuldi ¥ Inotddarthasepacakedps USEeehé Viskysdh M dthtdegasised
reaction sol ution. For instance, in case where the a-olefin is"

ethyl ene,  potheneiie dss tebtdierad egampees] - ol efin oligoner, and in this
case, the reaction solution is firs degassed and then 1-hexene and

solvent are distilled and separated fromthe reaction solution while the
catalyst conponents are concentrated and

Example 1
| Continuous ollgomerization reaction of'ethylene was
l carried out using a productlon system comprising a
contlnuous stirring tank reactor, a dega531ng tank, an
-ethylene distillation tower, a hexene distillation tower, a
heptane dlstillation tower and an eﬁaporator, with a
compressor_for clrculating.degassed etnylene to the.reactOr
being'proyided between the said reactor and degassing tank.
A 20+litre autoclave having tWO feed pipes was used as
continhuous stirring tank reactor, and "Hibiscuss Eavporator"
(trade name, manufactured bylMitsui Zosen Co., Ltd.) was
used as evaporator. The ethYlene distillation tower had 15
plates, while the hexane distillation tower_and the heptane
‘distillation towersreach had 20 plates. |
An n—heptane solution of chromium.(III)'Z-
_ethylhexanoate and an n—heptane_solution of 1,1,2,2-
tetrachloroethane were continuously supplied with ethylene
from one of the feed pipes of the_reactor, while an n-

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



separated together with the by-product polyner. Thus obtained concentrated
-solution-contajning the by-product polymer and catalyst conponents may be
di scarded in the form as’ it is. - ~4]hs ‘descri bed above, according to
the process using the chronmi um based catal yst system of the present

i nvention, 1-hexene can be obtained.in a high yield while formation of
by-product 1-butene is mnimzed, so that by treating the

- 39- reﬁﬂndlutknnlﬂﬁ(mribmbwﬂahemdegmswéng sopplidy comtiirgiously from
distillation tower, it can be separated into 1-hexene, reaction solvent
and hi gh bmﬁheupqhﬁnnfqmbdugts cont ai ning by-product polynmer and catal yst
conponents. ‘Thus, a process wth nmaximzed sinplicity and hi gh econom cal
efficiency is reaﬂmmedeactlon soIheloﬂcdyeehmkgedﬂcﬂnunnndqxﬂyﬂfndm
purified as  desired. Distillation is usual |y used for purification,

wher eby t he i emddoters wast aupplded hatoveecheededassimg htt gk . pahiet y.
According to the process of the present invention, it is possible to

produce, in dqeyddsnd Aeadtigh RoLutY oh- wabexeast & o ety | @118y idhean
industrially advantageous way. From 1-hexene obtai ned according to the
process of -tdiest ARG/ itWRR, T @Re héﬁéﬁecams@ﬂp&@ﬂ&@%& teefndprasd N L-
| dietillation tower successively - The bottoms of the heptane
.dlstlllatlon tower was fed into the evaporator and
.concentrated. In the evapprator, the evaporated high
boi};ng point producte wefe_eondensed and recovered, while
the concentrated catalyst compdnentseend by-product pelymer
o Qere cooled and reco#ered ae solid. Meanwhile, ethylene
degassed ih the degassing tank was pressurized by_the |
comﬁressor and eirculatedebeck to the reactor.'.n—Heptane
sebarated in the heptane distillaﬁion tewer was also
circulated beek 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_the

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

" chromium(III)-2-ethylhexanoate.



LDPE by a polynerization reaction using a known polynerization catalyst.
The process according to the present invention is an industrially - :
advant ageous *process for the preparatieazef [err]- olefin oligoners by use
of a chrom um based catalyst, which process is sinple and capabl e of

‘efficiently separating the by-product polyner together with the catal yst

conponents. -40- EXAMPLES The present invention is
explained in nore detail in the followi ng exanpl es and conparative
exanpl es, but it should be noted that the scope of the present |nvent|on
is not limted to these exanples. Example 1 Cont i nuous

ol i gomeri zati.on reaction of ethylene was carried out using a production
system conprising a continuous-stirring tank reactor,  a degassing tank, an
ethylene distillation.tower, a hexene distillation tomer ‘a heptane
distillation tower and an evaporator,Tgﬁig f conpressor for circulating
degassed ethyl ene to the reactor being provided between the said reactor
and degassing tank. A 20-litre. autoclave having two feed pipes was used as .
continuous stirring tank reactor, and "Hi biscuss Eavporator" '

Reactor L o 1 80°C x 35 kg/cm2G

Degassing tank : 40°C x 5 kg/cm2G

Ethylene distillatibn tower
Top pressure o 5_kg/cm?G

“Reflux ratio (R/D) 0.5

Hexene distillation tower
Top pressure 760 mmHg

Reflux ratio (R/D) ' 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




(trade nane, manufactured by Mtsui Zosen Co., Ltd.) was wused as .
evaporator. The ethylene distillation tower had 15 plates; while the’
hexane dlsthIatlon tower and the hept agg- distillation towers each had 20
pl at es. An n-heptane sol ution of chromum (l11) 2- ethyl hexanoate -
and an n-heptane solution of '1,1,2,2- tetrachl oroethane were continuously
supplied wth ethyl ene fronlone of the feed pipes of the reactor, while an
n- heptane sol ution of 2,5-dimethylpyrrole and an n-heptane -

-41- sol ution of trlethylalunlnun1mere supplied continuously from. the .
other feed pipe. . The reaction solution discharged continuously from
the reactor was supplied into the degassing tank. The degassed reaction
solution was treated in the ethylene distillation tower, the hexene
distillation and the heptane distillation tower succeSS|ver The bottons
of the heptane distillation tower wap i £d 4 nto the evaporator and
concentrated. In the evaporator, the &vaporated high boiling point
products were condensed and recovered, while the concentrated catal yst
conmponent s and by- product: polyner were cooled and recovered as SO|Id

) : Nacocaodl 1o o Ao oo .
Meanwhi | e, reHhp-ene—degaes et R T T S esa SN g™ D%h%fﬁanatga y the
tank solution

26.1 kg/hr | 22.6 kg/hr | 1.31 kg/hr

Cr salt (pp@,*l 20.0 23.1 120
2,5;Dimethylpyrrole
" (ppm) 11.9 13.7 71.1
Aluminum salt
 (opm *2 71.1 | . 82.3 427
Tetrachloroethane: | |
(ppm) S 40.3 209
Heptane (wt%) 30.9 35.8 — -
Ethylene (wt%) |  13.6 - -
T-Hewene (wi®) 50.5 58.4 -
High boiling point
products (wt$) 499 | 5.717 99.8
Polyethylene (ppm) | - 105 A 109 1574

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

*2: calculated as triethylaluminum



conpressor and circul ated back to the reactor. n-Heptane separated in the
hept ane distillation tower was also circulated back to the reactor through
‘a .circul ati ort "pi pe. : The operatingd¢onditions of the respective
process units are shown in Table 1, and the mass bal ance in the process
is shown in Table 2. In Table 2, Cr(2EHA)3 denotes '

- chromum(111)-2-ethyl hexanoate. . - -42-
Table 1 Reactor - = . 80[err]C x 35 kg/cnferr]G
Degassi ng t ank ' 40[err]C x 5 kg/cnferr] G Ethylene
distillation tower Top pressure 5 kg/ecnferr] G
"Reflux ratio (FV[» -~ . - 0.5 Hexene distillation tower -Top
pressure : - 760 mmHg - Reflux ratio (R/ D) S 3.0
Fbptane dIStI||atI0n tower - Top pressure: : 760 mtHg

Table 2 contlnued

High
boiling Solids
point
products -
1.30 kg/hr 2.8 g/hr
Cr salt (ppm) ™! - - 5.66 wt%
| 2,5-Dimethylpyrrole
(ppm) 71.2 -
Aluminum salt _
ppm)*2 | - - 1 20.1 wes
Tetrachlofoethane _ _
(ppm) 1 209 - -

Heptane (wt%) - -

Ethylene (wt%) - - L=

1-Hexene (wt%) ' - -

High boiling point
products (wt%) 99.9 | -

Polyethylene (ppm) . - 74.2 wt%




Reflux ratio (R/ D) “ 3.0 Evaporator: - Heati ng area

0.125 nferr] Heat er tenperature. - 230[err] C Fl ash drum
pressure’ v * 100 nmHg -45- : -43-
~Table 2. _ : o Reactor' DegaSS|ng Deheptanated '
t ank sol ution : 26.1 kg/hr 22.6 kg/hr 1.31
kg/ hr Cr salt (ppn)*[err]  20.0 - 23.1 120 -

- 2,5-Dimet hyl pyrrol @n- the evéppnytor operationllindthe abové3pr¥ocess, 71.1
Alunlnun1salt (ppm *[err] 71.1 82.3. 427 :
Tetrachl or ogtih@Re the metalppbhtaining cat®BUyst componemt® Formed a 209

" Heptane (W% 30.9 35.8 Et hyl ene (W% - 13.6
1- Hexene (W%dhcentratéﬁ 51xture wifB. ¥y-phedudwigd n@etisilene, mheducts (w %
4.99 99. 8 Pol yet hyl ene (ppm 105 . . 109
1574 .concentrated mlxture dropped grav1tat10nally from the

heating area due to polyethylene plast1c1ty, and then were

cooled and SOlldlfled.

'Example 2

‘Continuous oligomerization of ethylene was carried
out under tne'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 operatlons in the process could be_

conducted contlnuously with hlgh stability as in Example 1



(Not e) :

*7:

‘triethylal um num

Tabl e 2 (cont'nued)

boiling

Sol i ds

products -
5.66 wt % 2, 5- D net hyl pyrrol e

(ppm *2
209

boi i ng point

74.2 Wt %

Heptane (Wt 9% -

calculated as Cr(2EHA)[err]

_46..
poi nt

1. 30 kg/ hr

20.1 W%

Hi gh

2.8 g/ hr

o salt (ppm*1

p - 71. 2
Tet rachl or oet hane
Et hyl ene (wt % . '
products (W%

(ppm

_ _ 1-Hexene (W %
99.9 Pol yet hyl ene (ppm)

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 '
| | 13.0 15.1 94.2
Aluminum salt |
opm) *2 78.2 90.5 565
- :Tetrachloroethane |
38.3 44.3 277
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

*2:. cal cul ated as

Al um num sal t

Hi gh



- 45- In the evaporator operation in the above process, since the
‘nmetal -containing catal yst conponents formed a concentrated mixture with
by- product pokyethyl ene, the concentratgg._m xture dropped gravitationally
fromthe heating area due to polyethylene plasticity, and then were

cool ed and solidified. Exampl e 2 - Continuous oligonerization of .
ethyl ene was carried out under the sane conditions as in Exanple 1 except
that chloroformwas used in place of 1,1,2,2-tetrachl oroethane. The nass
' bal ance in the process sane as in Exanple 1 is shown in Table 3. The
operations in the process could be conducted continuously wi th high
stability as in Exanple 1. - _ ' o . - 46-

Table 3 ' Reactor Degassing Deheptanated

- Table 3 (continued) -

~High

boiling

point
‘products
1.42 kg/hr | 28.7 g/hr

Solids

Cr salt (ppm)*1 - 0.80 wt$%

12,5-Dimethylpyrrole . _
{(ppm) . | 96.1 .-

Aluminum salt

Tetrachloroethahe _ . .
(ppm) 283 .-
Heptane (wt%) - -

Ethylene (wt®) - -

1-Hexene (wt%) _ - _ -

High boiling point
products (wt%) 99.9 -

Polyethylene:(ppm) - - 96.3 wt%




t ank ~solution . 35.0 kg/ hr 30.3 kg/ hr 1.45

kg/ hr - Cr salt (ppm*[err] 22.0 25. 4 159

2, 5-Di methyl pyrroke (ppm . =~ -48-13.0° - 15.1 94,2
Al umi num sal t (ppm *[err] 78.2 90.5 565

. Tetrachl or oet hane (ppm . - 38.3 44.3 ' 277
Hept ane (W % 41. 3 - 47.8 Et hyl ene (Wt % - 13.6

1- Hexene (weEXample 3 41.0 47.4 Hi gh boiling point products (w%
4.07 4.71 98.0 Pol yethyl ene (ppm-: 1054 - 1097
1.90 vt % - (Nobdefinudds o&ﬂgnmeﬂxzhumDnCm¢2EHAyzene was carried *2:
cal cul ated as trlethylalun1nun1 ' -47- '

Tabl e 3 (cosutnuedpr the same conditions as irHiEdample 2 except that a
boiling  Solids poi nt

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.



- products 1.42 kg/hr 28.7 g/hr Cr salt (ppm*1

0. 80 mﬂ@bz 5- EXnethyIpyrroIe : (ppm 96. 1 Al um num sal t.
(ppm *2° - 2.86 wt% Tet4%chl oroet hane - (ppm -
283 Heptane (ww%- = Ethylene (W% 1- Hexene (W % : - High
boi | i ng poi nt products (W% 99. 9 Pol yet hyl ene (ppm

96.3 WM % . -48- Exampl e 3

Conti nuous ol i gonerization of ethylene was carried out under the sane
conditions as in Exanple 2 except that a nonotube evaporator "CRUX SYSTEM
(trade name, manufactured by Hosokawa M cron Co., Ltd.) provided with an
8-mlong heating pipe and an evacuat abl e recovery tank was used as . '
evaporator. The evaporator operation was conducted at a heating pipe

t enperature of -200[err] C, -a recovery tank tenperature of 150[err]C and a
recovery tank pressure of 200 Torr. Theijgegs balance in the process same
as in Exanple 1 is shown in Table 4. The process coul d be operated
.contlnuously with stability as in Exanples 1 and 2.

_ ReactOr Degassing | Deheptanated
tank 'solution

[36.1 kg/hr | 31.2 kg/hr | 1.53 kg/hr

cr salt (ppm L 26.0 30.1 | 184
2,5—Dimethylpyrrole . _
(ppm)- - 15.4 17.8 109
Aluminum salt- . - . _
(ppm) *2 92.5 107 656
Tetrachloreethahe
 (ppm) . 45.3 52,5 321
Heptane (wt%) - 411 47.6 -
Ethylene (wt%) | 13.6 - -
I-Hexene (wt#) ~41.0 17.4 I
High boiling point '_ |
products (wt%) 4.07 4.63 94.6
[ Polyetnylene (ppm) 3000 3125 T 5.32 wts

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

*2: calculated as triethylaluminum



- 49- . Table 4

Reactor - DeanS|ng Deheptanated ' - t ank
sol ution’ , 36.1 kg/ hr=5&1. 2 kg/hr 1.53 kg/hr O salt
(ppm *[err] 26.0 - 30.1 . 184 2, 5-Dinethylpyrrole

(ppm : 15.4 . -~ 17.8 : -109_ Al um num sal t ~ (ppm
*[err] - 92.5 107 656  Tetrachl or oethane o '
(ppm . 45.3 52.5 321 . Hept ane (wt %) 41.1 .
47.6 . Et hyl ene (W% 13.6 1- Hexene (W% 41.0 - 47. 4
Hi gh boiling point. products (W% 4. 07 4.63 - 94. 6

Pol yet hyl ene (ppm . -~ 3000 3125 5.32 wt % ' (Note): *1:

. cal cul ated as Cr(2EHA)3 : - *2: calculated as triethylal um num

-50-
: " Table 4 (continued) .

High

boi}ing Solids
point
products : '
1.45 kg/hr | 82.5 g/hr
2,5-Dimethylpyrrole _
(ppm) 116 . -
Aluminum salt
Tetrachloroethane
(ppm) 340 - _ -

Heptane (wt%) = -
Ethylene (wt%) - o -

1-Hexene (wt%) - -

High boiiing point |
_products (wt%) 99.9 : f"

Polyethylene (ppm) o= 98.4_wt%




Table 4 (contlnued) - High - boiling

- Solids - point- - products

1. 45 kg/ ht 825 gFhr Cr osalt (ppm*1-51- , 0.341 wt % 2,

5- Di et hyl pyrrol e (ppm - 116 Al um numsalt (ppm
1.21 wt% Tet rachl or oet hane ~ (ppmM 340 Hept ane (wt %)

- Ethylene (W% = 1-Hexene (W% High boiling point products (w %
99.9 Pol yet pinparpat hpe) Example 1 - 98.4 W % ' _
~-51- Conmpar ative Exanple 1 1- Hexene was produced conti nuously

‘according to the Eaﬁexem@cwahwprqduqed.Exmﬁpb@OBSéxcepPOFﬁaﬂgat¢|¢h%r was
set betmeen t he degassing tank and the ethylene distillation

same procedure as 1n Example 1 except that a filter was set
between,the'dega531ng tank'and the.ethylene dletlllatlon
tower, and the degassed reaction solution was filtered_to
.separate the by-product polyethylene. In the evaporator
operation, the'metal—containing catalyst componente were
resinified and deposited on the heating area,'thereby making

it unable to carry on the operation.

' Example 4
The same procedure aslin Example 1 was carried out.

except that a Zflitre autoclave having two feed pipes was
_used as reactor, and that an octanic acid (2—ethylhexanoic
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 reaction solution.was sampled out and filtered to
_determine the shape of the by-prdduct polyethylene. It was

powdery.



tower, and the degassed reaction solution was filtered to separate the
by- product pol yethylene. In the evaporator operation, the

nmet al - contalﬁlng ¢at al yst conponents wefi2- resinified and deposited on the
heating area, thereby making it unable to carry on the operation.

Exanpl e 4 The same procedure as in Exanple 1 was .carried out
.except that a 2-litre autoclave having two feed pi pes was used as reactor,
and that an octanlBh@c¢©hﬁékiﬁinddubﬁthecsoammdbnmadlsohargeduﬁrqmSU@@I|ed
into the degassing tank as netal solubilizing agent.. The operations could
be conducted reastbBuanal ¥hai ddgsssind itank rdspecrivedys areAshawh oh the

* degassed reaction solution was sanpled out- and filtered to. determ ne the

~ shape of the by-fuwrlicd, pehketBitenerationest gevaiesde acid in the
. -52- -The conpositions of the solutions discharged fromthe

reactor and délfhéjﬁg@&_'diﬂt skl @pPeableebyigr e, 62w $ when cobaldredn  The
concentration of octanoic acid in the degassing tank shown in Table 51i5s

0. 922 Wt % when Conve&kﬁ%oncentratloho160&§en£éa@t£6hIébi&éhﬂeactIon
sol vent . o

Table 5
' Reactor | Degassing tank
2,611 g/hr | 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 (wt3) — 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: calculated as trlethylalumlnum



Table 5 | React or Degassi ng tank

2,611 g/ hr 2,256 g/ hr Cr salt (W% 0.002*[err]
0.0028*[err] *’2, 5*Di nethylpyrrole o =53-Mm Y o 0. 001

- 0.0017 Alunlnun1salt_(mﬁ@© 0. 009*2 _ 0.-0010*2 - '
Tetrachl or oet hane (W% 0. 004 ' 0. 0050
Hept ane (wt % : . 30.9 35.90 . Ethylene (W%
13.6 1- Hexene fMégﬁottoms of ﬁﬂé‘ﬁeptane disti1188i8A tbwerbaids ng point
products (W% 4. 99 5.760 Polyethylene (w%
0.010 . gampled nglgndcgﬁéq§&édfﬁo(Héﬁﬁfmlne the prec1p1tated
0. 008 : ? *1: cal cul ated as C (2EHA) 3 *2:

cal cul at ed ﬁé?%i'gﬁﬁ¥t§n88§r“”@here was detected substantially no -953-
The bottons t he heptane distillation tower-was sanpled out and anal yzed

‘to determ ng LRLPESELR! hat & s@@é@énc?é‘bsnl‘?ﬁc%%al%gﬁéefwsdgﬁéﬁﬁiﬁﬁlg

~substantialTy no” precipitated netal substance e analysis for

deter mi ni ng, ,LNg OF.eGh Pht 8l eHefE! AuSHBH AN G ¢ RbRAANE! 88 ERet he

followingﬂway. The sample was filtered by a filter paper
(54), the filter_paper surface waslwashed with an n-heptane
.soiution and then witn a 10 wt% aqueous nitric acid solution,
and the concentrations of the metal substances in the ”
aqueous nitric acid solution we;elmeésured by high—frequency

plasma emission spectroscopy.

'Examples 5-8

| 1-Hexene wae produced continuously according to the
same procedure as in Example 1 except for using l-hexanol
(Example 5), hexylamlne (Example 6), ammonia (Example 7) and
acetylacetone (Example 8) as the metal SOlUblllZlng agent to
be added to the degassing tank. In any of these examples,
the metal solubilizing agent was added in such an amount
that the_concentration 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 fof.the precipitated.metal substances in_the_
same manner as in EXample'4. There ie existed substantialiy

no precipitated metal substance in each example.



follow ng way.  The sanple was filtered by a filter paper (5A), the filter
paper surface;mas washed with an n-heptane solution and then with a 10 w %
aqueous nitri‘c aci*d solution, and the -ncentrations of the netal '
substances.in the aqueous nitric acid.solution were neasured by

hi gh-frequency plasma eni ssion spectroscopy. Exanpl es 5-8

1- Hexene was produced continuously according to the same procedure as in
Exanpl e 1 except for using 1-hexanol (Exanple 5), hexylam ne (Exanple 6),
ammoni a (Exanple 7) and acetyl acetone (Exanple 8) as the netal

sol ubi I'i zi ngageNk Po be added to the degassing tank. In any of these.
exanpl es, the netal solubilizing agent was added in such an anmount . that

the concentration gbnt NRusesnbrodudtitod GHCtI-MRx20kV Ak chRriba gggassing
tank woul d becone 0.022% by wei ght. The bottons of -t he heptane -
n

distillationdg £oS8AB! EnQUbrodil Ay 26 Hing1C PegEepkl had et al

[
: %31 3
substances in the ame nmanner as I n Exanp . ere Is existe

| fgg_starjt al by nglrlgtgg&ﬁlegggha&edaefa%aé%m dd 23 R4RERIRg tank.

The bottoms of the heptane distillation 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
.én evaporatdr, Witﬁ a compressor for circulating the

degassed ethylene to. the reactor being provided between the



Conti nuous production of 1-hexene was carried out according to the sane
procedure as |n Exanpl e 4 except that no 2-ethyl hexanoic acid was supplied
‘to the degasslng tank. The bottons of 43%e heptane distillation tower was
sanpl ed out and anal yzed for the precipitated nmetal substances in t he
sanme way as in Exanple 4. As a result, chromumwas detected in an anount
equi val ent to 96.3% by wei ght based on the anount supplied to the reactor.
- The preci pi satiddreabtosi sl Wasgass iniqiteatk i nAa20i-3persedusoataveén t he

pi ping. The catal yst conponents and the by-product polymer were
concentr at edagifyl tabeogetypipes heaevagd aforcontd noeis stdaokrédgahdnk
- solidified. A part of the degassed reaction - solution was sanpled out and

filtered tordatepw, Neniihe SbAPEULSfetdioiytdy OURUX BYISTEMTY|(eradel hamas
filmlike and. adhesive. Exanpl e 10 Conti nuous ol i goneri zati on.

reaction of pahli¥hesarsasSby CB6SbREWO WL sSd T A PIRdUgt haviagpaac8ss system
conprising a continuous stirring tank reactor, a degassing tank, a 30-

plate distihbali QRaLING' phaxi B84t 4R &Q&ﬁmeﬂ@w@@ tantt wae used
evaporator, w th a conpressor for circulating the degassed et hyl ene to t he

_reactor belgg gggﬁbdggopetmeen t he ' -55-

An n- heptane solution of. chromlum (III)—2-.
ethYlhexanoate(a) and an n-heptane solution of 1,1,2,2-
tetrachloroethane (d)were continuously supplied along with
ethylene from one of the feed pipes of the.reactor, while an
n-heptane solution of 2,5-dimethylpyrrole (b) and an n-
heptane solution of triethYlaluminum {c) were_supplied-
continuously from the other_feed pipe. The molar ratio of
(@ : () : (¢) : (& was 1:3:15: 2.

The reactioh.solution discharged continuously from.

| the reactor was heated to 100°C by the heater provided
betueen the reactor aud the degassing tahk, aod supplied
into the.degassing tank. The degassed reaction solution was -
fed into the distillation.tower_and the bottoms thereof was
Supplied into the evaporator_and concentrated. The SOlvent'
n-heptane was recovered by taking it out”from the side"
estream outlet.in the eighth'plate from bottoﬁ of the
distillation tower whlle the product hexene was recovered by

taklng it out from the side stream outlet in the 26th plate



'said reactor and degassing tank. A 20-litre autoclave . having two feed

pi pes was used as continuous stirring.tank reactor, and a nonot ube

evapor ator "CRUX SYSTEM' (trade name, - #%éwfactured by Hosokawa M cron Co.,
Ltd.) having an 8-m |ong heating pipe and an evacuatabl e recovery tank was
~used as evaporator. " An.n-heptane solution of chromium (I11)-2-"

et hyl hexanoat e(a) and an n-heptane solution of 1,1,2,2- tetrachloroethane

(d)were contgidyowsley towRR! k88, at REUs¥bstan@s M AR d Naweandoafl inke feed
pi pes of the reactor, while an n-heptane solution of 2,5-dinethylpyrrole

(b) and an msint@PdA® HEkdheORept &fsellvéalsnd i (Wcoiredupplied
- continuously fromthe other feed pirpe. The nolar ratio of (a). (b) (c)

(d) was 1 3  15¢he?high boilidd '6%?%&u%?déﬂéx@%d¥a%%aariaedhe
continuously from the rgactor waS heated to 100[err]JC by the heater

provi ded - bg %f}attﬁgsﬁre%g%%egdewa ﬂggééﬁﬁé}gsfﬁd"ﬁzh@%b%{ﬁﬂde%q angt 0

t he degassi ng tank. egassed reaction solution was fed into the

O et OO AGe! DOBOHEARE ERRLERE - 4Py SURRG WiUD chla by

evapor ator and conceritrat e solvent - .n-heptane was recovered by
L0 L SR ISR bl ety B Gl lcue ot
‘taking it out fromthe Side stieam ot Laly idLANe 264! WelbBsea |
ethylene was preseurized by the compressor and circulated

back to the.reactor, while n-heptane recovered from.the
distillationétower was also cireuiated back to the reactor

via the 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 Table 7. in'Table 7,

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



- 56- Fromthe tower top, the substances having |ower boiling points
than hexene were distilled out and recovered. ' The high boiling
poi nt product’s evdporated in the evaporsgti on were recovered by condensing
t he substances, -and the catal yst conponents concentrated together with the -
by- product pol yethyl ene were recovered fromthe bottomof the recovery
tank-as solid. On the other hand, degassed ethylene was pressurized by
t he conpressor and circulated back to the reactor, while n-heptane '
recovered fromthe distillation tower was also circul ated back to the _
reactor via the circulation pipe. The operating conditions of the said
units in the process are shown in Table 6, and the mass balance in the

said process is shown in Table 7. In Table 7, Cr(2EHA)3 denotes.chronium
(11r1) 2-ethyl hexanoat e. - § ‘ -57- _ o
Table 6 ' :
Table 6
Reactor ) 80°C x 35 kg/cm?G
Degassing tank ©100°C x 5 kg/cm2G

Distillation tower

Top pressure _ ' 3 kg/cm2G

Reflux ratiQ'(R/D) .  ) - l18

Bottom temperature. 162°C
Heating pipe temperature - 200°C
Recovery tank temperature . 150°C

Recovery.tank pressure ' .200 Torxr




React or - 80[err]C x 35 kg/cnerr] G Degassing

t ank s o - 100[err]C x 5 kg/cnferr]G Distillation tower
Top pressure ' "~ 3 kg/cagerr] G Reflux ratio (R D)
18 Botton1tenperature .- l162[err]C Heating pipe
tenperature : 200[err]C Recovery tank tenperature
150[err]C Recovery tank pressure . 200 Torr
-58- _ Table 7
React or Degassi ng ,Botton1of t he
t ank distillation : _ ' - : _
t ower . - - ~ 36.1 kg/hr 31.2 kg/hr 1.57 kg/ hr Cr salt
(ppm*[err] - 26.0 - 30.1 180 2, 5-Dinethyl pyrrole :
(ppmM . 15.4 . 17.8 106 Al um num sal t
* -

(ppm *2 . 92.5 107 Table 7638 Tetrachjoroethane :

Reactor begassing Bottom of the

' tank dlstlllatlon
tower

36.1 kg/hr | 31.2 kg/hr T.57 kg/hr

Cr salt (ppm *1 26.0 30.1 180
2,57Dimethylpyr£ole . ‘
(ppm) | 15.4 17.8 106
Aluminum salt _
(ppm) *2 92.5 - 107 . 638
Tetrachloroethane
T (epm) 45.3 52.4 313
“Heptane (wt®) 41.1 47.5 - -
Eﬁhylene (ﬁt%) _ 13.6 - 1 -
. 1-Hexene (wt%) 41.0 47 .4 — -

High boiling point .
products (wt%) 4.07 C4.71 93.7
Polyethylene (ppm) 3000 3469 6.21 wts

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

*2: calculated as triethylaluminum



products

(ppnj 45. 3 ' 52.4 313 Hept ane (wt %
47.5 Ethylene (wt % 13.6 - 1l-Hexene (W%
47. 4 -* High boiling point -sproducts (wt% -
4.71 ' 93.7 Polyethyl ene (ppm 3000 3469
wt % (Note): *1: calcul ated as Cr(2EHA)[err]
calculated as tr|ethylalun1num ' _ - -59-.
Tabl e 7 (conti nued) _ Hi gh
boiling  Solids poi nt T
1.47 kg/ hr 98.8 g/hr O salt (ppn) [err] 0.285 wt % -
. 2,5-Di nethylpyrrole (ppm Al um num sal t
*[err] 1.01 wt% Tetrachloroethane
Table 7 . continued
High
boiling ,
 point Solids
products
_ 1.47 kg/hr | 98.8 g/hr
_2,5—Dimethylpyrroie
(ppm) 113 -
Aluminum salt
Tetrachloroethane
{ppm) 333.8 -
Heptane (wt%) - -
Ethylene (wt%) - -
‘ 1-Hexene - (wt$%) - -
High boiling point _
- products (wt%) 100.0 -
Polyethylene (ppm) - 98.7 wt%

.1



(ppm 333.8 Hept ane (Wt % Ethylene (% - 1-Hexene (WM %
H gh boiling goint  products (W% - - .100. 0 Pol yet hyl ene (ppm
- 98. 7wt % . -60- | - 60- The
evaporator operation in the above process was conducted snmoothly. Since
the netal -containing catal yst conponents are recovered as a concentrated
m xture with by- product polyethylene, they dropped gravitationally from
the bottom of theThE€COYESYrdtdK o iloh AnaghieCciabyvef ptheeby-wapr oduct
pol.ynmer and separ at ed. Exanpl e 11 * Continuous oligonerization of

ethyl ene wagopantted sRPbtRLGOr Hiktd @hlhactalecpheaering eatabysixanpl e 10
~.except that hydrogen was added to provide a hydrogen concentration of 2.0

“vol % in the Gas RBAEE hPel PEcEPEEEQ as A bddtainthit ed @A&EUEE SOLHL boR
supplied to the degassing tank was not heated. Polyethylene in the -

erohee of PSSR el M St s et T e
conducted sgRAtRLY (2SchB FX8HPLEy WPank owing to plasticity of the by-
- product polymer and separated. - | |
Exaﬁgle'll"
Continu&us oligomerization of ethylene was_carried
: out.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. PélyethyleneJin 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.



-61- ' ~ Table 8

React or Degassi ng Dehept anat ed - -
t ank ‘' golutiton - -61- 36.1 kg/hr 31.2 kg/hr  1.58
kg/ hr Cr salt (ppm*[err] 26.0 - 30.1 178 2,
5- D net hyl pyrrol e : (ppm . ) 15.4 - 17.8 ' 106
Al um num sal t -  (ppm *[err] . 92.5 - 107 634
. Tetrachl oroet hane (ppm S 45.3. 52.4 . 311
’ Fbptane (W9 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 Pol yethyl ene. (ppn)
. 3000 3469 6.86 Wm % (Note): *1: calculated as
- O (2EHA) 3 - *2: cal cul ated as trlethylalun1num
' L : - Table 8
Reactor Degassing | Deheptanated

tank ' solutioh'
36.1 kg/h:_ 31.2 kg/hr 1.58 kg/hr.

Cr sélt'(ppﬁ)*l' 26.0 ' 30.1 178
2,5—Dimethylpyrrole _ —
(ppm) | 15.4 | 17.8 | 106
Aluminum salt | | ]
C (ppm*z 92.5 107 634
Tetféchldroethane_ - _ .
{ppm) . -45.3 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



-62- . ' Tabl e 8 (continued)

Hi gh . s © boiling Sol i ds. ' - point
products - * 1.47 kg/ hr-g$£€9.6 g/ hr Cr salt (ppm*[err]
S - 0.257 % 2,5-Dinethylpyrrole - (ppmM : 113.5

Al um num salt (ppm *2 - -~ 0.91 mt% Tetrachl oroet hane
(ppmM - 1 333.8 ' - Hept ane (w9 - Et hyl ene (W% -

1- Hexene (wt % . High boiling point =~ products (W% 100.0 -
Pol yet hyl ene (ppm _ . 98.8 wt% _ .

- 63- ' C : :

Table 8 (continued)

High .
b;iii:g Solids
products | o
1.47 kg/hr | 109.6 g/hr
Cr salt (ppm)*! | - T 0.257 wts
2,5-Dimethylpyrrole| -
(ppm) | 113.5 -
‘Aluminum salt | _ E
(ppm) *2 - | 0.91 wts
Tetrachloroethane .
(ppm) ._ . 333.8 -

Heptane (wt%) - -

Ethylene (wC%) e -

l1-Hexene (wt$%) ' - -

High boiling point
products (wt%) 100.0 -

Polyethylene (ppm) - 98.8 wte




Exanpl e 12 Conti nuous ol i gonerization of ethylene was carried out
according to the same procedure as in Exanple 10 except that an octanoic
aci d (2-ethyl*hexarfoi ¢ acid) was added__% ntinuously as netal solubilizing
agent to the degassing tank, and that Iﬁe reaction solution supplied to
the <degassing tank was not heated. The netal solubilizing agent was added
in such an anount that its concentration in the reaction solvent in the

degassing_tagk,&gulgibecone 0.022 w% ~ The bottons of the '
distillati s sanpl ed out. and anal yzed for the precipitated neta

substances, but there was detected substantially no precipitated t al
?uFftance. AnalKs@%?ﬁ%ﬂuqqﬁa?ﬁﬁﬁﬂﬂﬁrPéﬁédoﬁePgl?gﬁﬁg?gﬁcgig QA" Mete in the
ol 'owi ng way. The sanple was filtered with a filter paper A, the

'gglteg papePUBURFELEIIRE YRISHR S%WqlP%%?ﬁ?pﬁ@pFénéﬁsﬁﬁgﬁggﬁ gadg¥ﬁ%ﬂtmﬁth a.
10 wt % aqueous nitric acjd soJution, and the concentrations qf .the netal
subst ances Fh?ﬁhénnPGF@%oh%i%F%Qﬂ(ﬁTQE?X&BQ§aﬁ€&§uP@ddbywaﬁi@ﬂg??equency
plasma emi ssion spectroscopy. Polyethylene in the reaction solution i

di schar ged teohinneustyadsimgtahniolukid izdidergenthéonhss B889aR8ENSf this

exanple-is shown in Table 9. The evaporator operati-on was-conducted
snoot hl y astank, Ezxadpthatiothe reaction solution supplied to the

dégassing.tank 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 this example is shown in
Table 9. The evaporator operation was condﬁcted smooﬁhly'as

in Example 10.



- 64- . Table 9

React.or Degassing Bottom of the _
t ank dlsﬂlllaﬂlon -64- _ _ : :
tower ' _ 36.1 kg/hr 31.2 kg/hr 1.57 kg/hr - O salt
(ppm*1 . 26.0 30.1 - 597 2,5-Dinethylpyrrole ' -
(ppm . 15. 4 17.8 . 354 Alum numsalt - (ppm
*lerr]- - 92.5 107 - 2122 Tet r achl or oet hane . (ppm-
45.3 52.4 . 1040 "Heptane (wt% 41.1 47.5
Etlylene (\t% = - 13.6 . 1-Hexene (W% 41.0 47. 4 ngh
boiling point ., products (W% 4. 07 4.71 93.4 o
Pol yet hyl ene (ppm) 3000 3469 6.20 wt % (hbte):
*1: calculated as Cr(2EHA)3 _ ' *2: calcul ated as
trlethylalun1nun1 Table 9-65-
Reactor Degassing |[Bottom of the
tank distillation

tower

'36.1 kg/hr | 31.2 kg/hr | 1.57 kg/hr

Cr salt (ppm)*! - 26.0 _ 30.1 597
2,5fDimethylpyrrole ' .
. (ppm) . 15.4 - 17.8 |~ 354
Aluminum salt. ‘
(ppm) *2 192.5 107 2122
Tetrachloroethane _l _ |
| (ppm) © 45.3 52.4 | 1040
Heptane (wt%) _ T 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 wt%

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

*2: calculated as triethylaluminum



Table 9 (conti nued) ' Hi gh

boi | i ng - Sofids .- poi nt product s
1. 47 kg/hr 101.8 gfthr .~ O salt (ppn)fiéyj] : '0.922 Wt %
2,5-Dinethyl pyrrole - (ppm - 8.0 Al um num sal t
(ppm *2 3.28 wt % Tetrachloroethane . (ppm
1111.7 -~ Heptane (W %- - Ethylene (WMt% 1- Hexene (Wt % High
-boi l'i ng point products (W % +99.9 Pol yet hyl ene (ppm
-95.8 W% - - _ : -66-  Exanples 13-16

Cont i nuous ol i gomerization of ethylene was carried  out accordlng to t he
same procedure as in Exanple 12.except

Table_9 (goh;ihugdz

High

| b;iiigg | Solids
products
1.47 kg/hr | 101.8 g/hr
Cr salt (ppM)*l_ - 0.922 wt$%
2,5—Dimethylpyrfole
(ppm) 378.0 -
~ Aluminum salt o
(ppm) *2 - | 3.28 wts
‘Tetrachloroethane i _ _
(ppm) 1111.7 - -

Heptane (wt%) _ - -

Ethylene (Wt %) — - -

1-Hexene (wC®) = =

High boiling point _
products (wt%) . 99.9 ' -

Polyethylene (ppm) - 95.8 wt%




t hat 1-hexanol (Exanple 13), hexyl anine (Exanple 14), anmonia (Exanple 15)
and acety| acetone (Exanple 16) were used as netal solubilizing agent added
to the degassing tank. The evaporator -ogg+ation was snooth as in Exanple
12. The bottons of the distillation tower was sanpled out and anal yzed
for the precipitated metal substances in the same way as in Exanple 12,

but there was found substantially no precipitated netal substance in each

exanpl e. EaRBaeat 1ge1Exanpl e 2 ' Conti nuous ol i gonerization of
et hyl ene was carried out - -according to the. sane procedure as in Exanple-10

except that a filgght ¥ASohSSSRl @Rk beineah (die ctegaspengabakrandd the -
distillation tower, and that the degassed reaction solution was filtered

to separate e ropuefYClo PREYSLRY ! SAGcedite QRRGT #xdinples 12neapapte of
continuous operation asS the netal-containing catal yst substances were

Cont i nuous ST Somer s ar i D e ol e RIS 1 8ut using a

_production %%ﬁ&%ﬂ%?%%ﬁ%hﬁﬁ@glﬁ)_and acetylacetone (Example 16) were‘67‘

| | ‘used as metal solubilizing agent added to the degassing tank.

' The eVaporator:operation waslsmooth as in'Example 12. Thel
bottoms of the distillation tower was sampled out and
anaiyzed for the precipiteted métal substances in ﬁhe same'
waj_es in Example 12; but there.was found substantially no

precipitated metal substance in each example.

gomgerative Example 2

-Conﬁinuous oligomerization of ethylene was cafried
out aceording to the same procedure as in Example 10 except
that a filter was installed between the degassing tank and
the disﬁillation tower, and that the degassed reaction
‘solution was filtered to separate the by-product |
polyethylene. The evapofator'was incapable of continuous
oberation as the metal—containing catalyst substances were
.resinified and'deposited on the heating area.
'Examgle ;7

Continuous oligomerizatien'reaction of ethylene ﬁas

carried out using a production system comprising a



continuous stirring tank reactor, a degassing tank, an aeration tank, a
decanter, an ethylene distillation tower, a hexene distillation tower and
a heptane distillafion, and also havinggf conpressor disposed between the
reactor and the degassing tank for circul ating degassed ethyl ene ‘back to
the reactor. A 2-litre autoclave having two feed pi pes was used as _
reactor. "Sharples Superdecanter" (trade nanme, nanufactured by Tome Kogyo.

Co., Ltd.) %aﬁga%uasﬁggggggghaﬂh@ef&wﬁer@ ﬁ%*‘e Qi ower had 15

plates while t hexe at1on tower an tane distillation

ot h : - UL f, chrom L)
Oy hosatatdBnDkahE o pecancefll fh LS Uity O s B AR B e
| i ti ' ith . .of t feed -
b pes-of 1 hoorElh TSIt AT o Ao e B e R ol o
From the onap reland; peBoRbrebsSr i Spblind' Reieh MR esbeRy gud = ¥

ti ly.fr t h t ' led i t h [ .. _Th
Cemer atur e W0 BREAR85RTS EBnReShT: BRE QU T 175 SRHE B M S P Sko5EL | o
solution was _fed into thgdgeiation tank. where the catalyst conponents in
a

the sol uti o E3GkPHi z8d<akdtrer BRFRFtAYe NN MG s PLPFSoHES t he

solution. The precipitated catalyst conponents and by-product pol yner were
used as reactor. "Sharples Superdecanter" (trade name, .

mahufactured by Tome 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- -
ethylhexanoate 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



- 68- renmoved by the decanter.. The supernatant solution was supplied
into and treated in the ethylene distillation tower, the hexene
distillationst'ower<and the heptane di stiddation t over successi vel y.
Meanwhi | e, et hyl ene degassed in the degassing tank was pressurized by the
conmpressor and circul ated back to the reactor, and n-heptane separated in
the heptane distillation tower was also circul ated back to the reactor .via.
the circulation The op at i Qoditio : Lhe spectlve
anite in ¢ RETOYRY YOEeesd%?anp o T e S e o e e

Eg:cfng pro%%%ilea go anh EE%%éé&- %Pe]esgytﬁgek er?f&?n t Jgple 10

gaSSI ng

k ka/
borerr]c x §hﬁgP8ﬁF8?r?§tl?9£twﬁx Y s itk 00k 100

1/hr  Ethylene distillatio ress !
5 kg/ cni er r F@Wer SUCCREFLYS Yatﬁ@gﬁﬁﬁﬁﬁe' e%% ene eGassed in t%e Hexene -
distillation tower - pressure 760 mmtHg

Ref | ux rat|§egﬁﬁﬁ}ng tank wgs pressurlzedsz)the|$ﬂmgﬁﬁ§q9 PPPIatlon t ower
Top pressure 760 nm—(lé:j flux ratio (lR/ D)

3.0 _ c1rculated back to the reactor, n-heptane separated

the heptane distillation tower was also c1rculated back to
the.reaetor via the circulation pipe.
The operating conditions_of the respective units in
| the.eaid process are shoﬁn'in Tebie'lo,'and the mass balance

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

Table 10
Reactor - ' : o 80°C x 35 kg/cm2G
Degassing tank - 60°C x 5 kg/cm2G
: Aeratien tank - 1 _ 60°C x 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




- 69- ' ' Table 11

React or- _Eegassing t ank Decanter

solution =~ * - ¢ 2,611 g/489- 2,262 g/ hr _ 2,262 g/ hr.
Cr salt (W% 0.002*[err]. 0.0028*[err]- 2,5-Di nethyl pyrrole

(w9 0. 001 _ 0. 0017 0.0017 - Alum numsalt (W%
0. 009*[err] 0.010*2 Tetrachl oroet hane (w9 0. 004
. 0.005 - Heptane (wt % _ 30.9 35.8 .35.8 '
- Ethylene (W% 13.6 0.27 _ - 0.27 1- Hexene
(W% - . 50. 4 ~ 58.2 ) 58.2 High boiling point
"~ products (W% 4.99 5.75 - 5.75 Polyethylene
(W% - 0.010 - 0.011 Takﬁ&tg? . *1: calculated as
Cr(2EHA) [err] '*2: calculated as triethylal um num

By conducting the above process,
by--pr oduct polyner were separated

the catal yst - conponents and the
sinultaneously with ease and stability,

and 1t was posSrore ooy AT T RRECTbE T | BegRs TG Tan| 1 DEZEAex
' -solution
2,611 g/hr 2,262 g/hr 2,262.g/hr
'Cr sait (wt %) 0.002*1 0.0028%1 -
2,5-Dimethylpyrrole ' _
(wts) 0.001 ©0.0017 0.0017
_Aiuminum'salt (Wt %) '0_009*2. 0.010*2 —
Tetrachloroethane
C(wt%) 0.004 0.005 -
Heptane (wt®) 30.9 35.8 35.8
Ethylene (wi®) 13.6 —0.27 0.27
T-Hexene (WE%) 50.4 58.2 58.2
High boiling point .
products (wt%) 4.99 5.75 5.75
Polyethylene (wt%) Q.OlO 0.011. -

{Note): *1:

calculated as Cr{(2EHA);

*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.



VWHAT IS CLAIMED | S: 1. A process for producing an [err]-olefin
ol igomer using, a chrom umbased catalyst system conprising
“chrom um conpdbund, (b)..at | east one ni t Logen- cont ai ni ng eIected
fromthe group consisting of amnes, amdes and im des, Eﬂm ”m””"l
al kyl al um num conpound, whi ch . process conprises carryrng

oligonerization reaction -of an a-olefin in a solvent, and recoverrng t he

pr oduced [GW#ET I%' %'g%@:’d gQner, catal yst conponents and .by-product

pol yrner ution, wherein the catal yst conponents and
t he by-product polyner are recovered at the sane tine. 2. The
process according to & BFRFESSwAer ePROdRRin®rar o -Qlefim Gligpmes using
separated by distillation fromthe reaction solution produced by the

ol i goneri zatd QhrRALN-BAsedaRethN9sY s PEOEHCEROH VEREg i & qca‘sc&rrtar)ataed and
recovered together with the catalyst conponents. . The process

accordi ng t HrloM il coMpRualn (B¢ atal8h¥etok® éhidHHﬁﬁﬂdfﬂged and
recovered with the by- product polymer in the distillation separation

oper ati-on ar@nditiid e 1620 eAN L8R InEY gRoBE AL A1 SVARPT S Unidud,r ecovered.

amides and imides, and (c) an alkylaluminum compound, which

process comprises carrying out an oligomerization_reaction-
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—produet polymer are recovered at the same time.

- 2. The process'accdrding to claim 1, wherein the.a—
olefin oligomer 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.



4. The process according to claim3, whereinthe h
monot ube-type reactor provided with a heating pipe having a sufficient

| ength and a recovery tank which can be71e-vacuat ed “lll“l"ll“)l“"llmmlll
process accordlng to claim2, in which the "oligomneri

- [err]-olefinis carried out in a solvent, then a conpoun d solublein the
sol vent . and having a bonding ability - to chromiumis added to the reaction

_SOlution, and the4re@ﬁgcéfy@é§gugﬁéﬁga¥h§uﬁb(Bxayd l3ed whegteiacemner ed from
the resultant reaction solution _ . The 'process. according to

claim1, inpulighot Beapsahab¥StsCoMMONSNSe Abd heeditadt ideal wieh are

separated sinultaneously fromthe reaction solution produced fromthe

Ol'goner'za%.%%a?gﬁngEge 2991k geg §@§f££¥éﬂt(ﬂéﬂ%ﬂh(Qddﬁﬂnﬁédo%er§eparated

by distillati resu reactron sol ution
process accry gk”%h&%hchﬁh”b% $Qgﬁ§% dqthe chrom umbased catal yst
conpri ses a conbi nati on of ? rom um conpound, (b).at 1east one

Eo?pounds selected from the group conS|st|ng of amines, anides and i nides,
c) an : _ ;

a

5. The precees accordiqg to claim 2, in which the
oligomerizatien ef the-a—elefin:is carried oﬁt.in é-solvent,
then a compound.soluble.in.the 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.accerding 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
_chfomium-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



-72- - al kyl al um num conpound, and.-(d) a hal ogen-contai ning conpound.

8. The process according to claim1l, wherein the nitrogen-containing
conpound (b) 4's a tonpound having a pyrrole ring structure. 9.
The process according to claim?7, wher €iffthe nol ar ratio of the catalys
conponents (a) : (b) : (c¢): . (d) is 1 0.1-10 1-100 0.1-20.:

10. The process according to claim7, wherein each of the conpound (a) to-
(d) and. the gerr]JoIefin is supplied to a reaction systemi,n such a node
that the chPéKYaAlEBAPBUNEOMPaYNGn PRt el I& IPAIRESTTOOGAPBIRE (¢) do not
contact with each other before each of said conpounds (a) to (d) and the
a-ol efi n cosrmPPuPd-t he reacti on sol vent and the ol i goner.i zation of the

[err]-olefin takes place. . ~ 11. The process according to claim2,
wherein the [err]-- : ' . - :
| 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 components (a) : (b) : (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-



" nitrogen- contalnlng conpound s

olefinis ethylene and the [err]-olefin oligoner is conposed principally

of 1-hexene, and after the oligomerization reaction, ‘n
is carried out, and then 1- bexene and t he s ﬂm;“"m“mm

and separat ed fron1the reacti on solution while the cata ysu conp@neﬂts*are.

concentrated and.recovéred together with the by-product polyner.

-12. The process according to claim1, wherein the ollgonerlzatlon reaction

Is carried ﬂgkeh@ %H@ PhESEBEGeRt afWUiPYM1ed and sepakdtef BrORCESel OF

producing an a- In o | gomer , whi ch conprisés carrying out an

~oli goreri Zaffe%t%na@oauugheamé R @éﬂg%@sleﬁgo%ﬂt%a@r@r in the

: presence of a- reaction so

vent by usihg a chrom um based catal yst system

compri si ng ab, |.2astata8h an§hragy gg%ggnq?&%é%%ﬁ R); e AP Yy -dRuct

e group sisting of anlnes
am des and glg%% and (c) an al kyl al um num conpound, supplying the

resul ting rg C N° solution to a degassing tower to recover the unreacted
portlon of the [err]-olefin, supplying the reaction soluti.on

12. The process according to claim 1, wherein the
'oligomérization reaction is carried out in the presence of

hydrogen.

- 13. A process for_producing an a-olefin oligomer,'

which qomprises pérrying out an oliéomerization of an a-
cléfin in an oligdmerization reactor'in'the'presence of a
reaction éolvent by using a chromiqubased catalyst system
comprising at least (a) a chromium éompoﬁnd, (b)'at least

- one n}trogen—containing.compound selected from the group
consisting 6f amihes,'amides and imides, and (c) an
'alkylalumiﬁum compound, supplying the resulting reaction
solution to a degassing tower to recover the unreacted

- portion of the a-olefin,'supplying the.reaction solution
frdﬁ the dégassing tower tb a ﬁrqduct;distillation tower,
and fecovering the.produced a-olefin oligomer as a
ldistil;ate while conCenﬁrating_the by-préduct polymer'and
the catalyst componenté and recovering the obtained

concéntrate as bottoms, wherein the by—productlpolymer and



fromthe degassing tower to a product distillation tower,” and tecovering

the produced [err]-olefin oligoner as a distillate mhl t he
by- product potyner<and the catal yst comppnents.and rec WMﬁm"Hmﬂﬂﬁ,ned
concentrate as bottons, wherein the by-product polyner as

-74- the catal yst. conponents are maintai-ned in a dispersed state in the
reaction solution in the process |line fromthe outlet of the

ol i gomeri zatian fgggpgf‘;ngﬁ?gaﬁ?wé %@fm 1& prpduicty ad'oﬁitéﬁér%@dogt@@’er

14. The process a erein the bottons containing the

- by-product pol ygar raagtaaﬁ r@;s&g{%z eatg}gpééegsecl%%r e o et %«at@@educt

cdistillation tomer evaporator to recover

Lomponent & e T rt%(@s%%%%%%ﬁﬁﬁ?ea@%c'%?f e dﬂ&é@@f e LA

Fecover e
distillation tower.

'14. The process according to claim 13, whereln the
' bottoms contalnlng the by-product polymer and the catalyst
components recovered from the product dlstlllatlon tower is
supplied to a heatlng evaporator to recover_hlgh-bolllng
point prodncts, and the'byhproduct polymer and catalyst

components are further concentrated and recovered.



&~
4
«

;.15_

PROCESS FOR THE PREPARATION OF Ot-OLEFIN OLIGOMERS
AB§TRA§T QF THE DI§§LOSURE '

An'oligomerization-Of a-olefins is carried out in a
solvent u31ng a chromlum—based catalyst system comprlslng at
least (a) a chromium compound, (b) at. least one nltrogen- y
contalnlng compound selected from amines,. amldes and imides,
.and (c) an alkylaluminum compound,-and the catalyst_
components and by-product'polymers are recovered
Simultaneously from.the reaction solution. Such process is
an_industrially.advantageous process for producing d-olefln
ollgomers by'uslng a_chromium;based catalyst, and is simple
and capable_of efficiently recovering the by-product

polymers and the catalyst components simultaneously.



