DESCRI PTI ON DEPOSI T DEACTI VATI ON TREATMENT METHOD Technical Field [0001]
The present invention relates to a deposit deactivation treatnent nethod.
More particularly, it relates to a deposit deactivation treatnent nmethod in
a production process of an a-olefin |ow polynmer. Background Art [0002]
Conventionally, a production nethod in which an a-olefin |ow polynmer mainly
conprising 1-hexane is obtained in high yield and high selectivity using an
a-olefin such as ethylene as a raw material and using a chrom um series
catal yst as a | ow polynerization catalyst is reported (see Patent Docunent
1). [0003] Patent Document 1: JPPEBSCRBIPRZIONO Disclosure of the Invention
Probl ens that the Invention is Solve [0004] By the way, where by-production
of a si gIDERCSIT DEACGNIVATIONI TREATMENT MEBTROIMVOI ded even by the above
nmet hod, and an a-olefin is produced by a continuous reaction system the
by- pr odu@ecthndleate Fieddadhered to a | ow polynerization reactor or
apparatuses, and this 1

[0001]

The present invention relates to a deposit
deactivation treatment method. More particularly, it
relates to a deposit deactivation treatment method in a
production process of an a-olefin low polymer.

Background Art
[0002]

Conventionally, a production method in which an
a-olefin low polymer mainly comprising 1l-hexene is
obtained in high yield and high selectivity using an
a~olefin such as ethylene as a raw material and using a
chromium series catalyst as a low polymerization catalyst
is reported (see Patent Document 1) .

[0003]

Patent Document 1: JP-A-08-239419
Disclosure of the Invention
Problems that the Invention is Solve
[0004]

By the way, where by-production of a significant
amount of a polymer is not avoided even by the above
methoed, and an oa-olefin is produced by a continuous

reaction system, the by-produced polymer is adhered to a

low polymerization reactor or apparatuses, and this



di sturbs conti nuous stable operation. Therefore, as the case may be, there
IS the necessity that the polyner is discharged outside the system by
periodically opening the equipnent. On the other hand, the | ow

pol ynmeri zation catalyst generally is deactivated by a catal yst deactivator
added to a reaction liquid discharged fromthe reaction system However, in
the case of a continuous reaction system incorporation of deactivating
substances such as oxygen and noisture is strictly precluded. Therefore,
there is the case that deposits of an active catalyst or polyner deposits

havi ng agigehi¥8 CHmlikioddCOtI1At peradiRn arReP6£6PH! aladd tWet he
I nside of a reactor and a heat exchanger that renoves reaction heat, by

conti NUOHEseORRARAIHE) EHEEed iPNEhdCheedselity NEhaORRANPIIImRr aid oW
pol yneri zation catal yst accunul ated w thout conducting such a deactivation

and adhgigdhapgad ouRsideUthd J9F Pt YbyepolrivdilkaQlydipetithg tige! i ke in
air, and may conbust when an apparatus is opened. [0005] The present
i nvent i oaqlispm@fen made to solve the problenms on safety in the above
production nmethod of a low polynmer of an a-olefin. Accordingly, an object
of the presentohnwhiel iothés handpr dhalelawt pediymarizatilved edtalysieactivates
depos tsger21erail..'l.y igs deactivated by a catalyst deactivator added

to a reaction liquid discharged from the reaction system.

However, in the case of a continuous reaction systenm,
incorporation of deactivating substances such as oxygen
and moisture is strictly precluded. Therefore, there is
the case that deposits of an active catalyst or polymer
deposits having an active catalyst incorporated therein
are accumulated in the inside of a reactor and a heat
exchanger that removes reaction heat, by continuous
operation over a long period of time.

Components of a low polymerization catalyst
accumulated without conducting such a deactivation and
adhered in an apparatus vigorously react with oxygen and
the like in air, and may combust when an apparatus is
opened.

[0005]

The present invention has been made to solve the
problems on safety in the above production method of a low
polymer of an oa-~olefin.

Accordingly, an object of the present invention is

to provide a treatment method which deactivates deposits



in a reactor and the like in a production process of an a-olefin |ow

pol ymer. Means for Solving the Problens (0006] As a result of extensive and
i ntensive investigations to solve the above problens, the present

i nventors have reached to achieve the present invention. That is, the gist
of the present invention resides inthe followng (1) to (7). (1) A deposit
deactivation treatnent nethod which treats deposits accunulated in the
inside of a reactor and/or in the inside of a heat exchanger for renoving
reaction heat in the reactor in producing a |ow polymer of an a-olefin by a
conti nuo#® PeXeadkrEydndmthe liks iRt 2 RERAVCELER PrecPSgctAfr 3h t he
presence of _a chrom um _series catalyst, characterized in that: after

st oppi ng®opérELroholf PPA¥™EEY prent (reactor and/ or heat exchanger), the
deposits_and an el ectron donative_conpound (provided that the chrom um
series Mepapyferppalying; fhenBrpRlems: at the tine of the production is
excl uded) .are_contacted. (2) The deposit deactivation treatnent nethod
describeéopﬂsal), characterized in that the electron donative conpound is a

compound vt ngeen SEL1 VERELDY! o089 GiBegey Bl UISLEON  Lop LT esented
investigations to solve the above problems, the present
inventors have reached to achieve the present invention.
That is, the gist of the present invention resides in the
following (1) to (7).

(1) A deposit deactivation treatment method which
treats deposits accumulated in the inside of a reactor
and/or in the inside of a heat exchanger for removing
reaction heat in the reactor in producing a low polymer of
an o-olefin by a continuous reaction system in a solvent
supplied to the reactor in the presence of a chromium
series catalyst, characterized in that:

after stopping operation of the equipment (reactor
and/or heat exchanger), the deposits and an electron
donative compound (provided that the chromium sexies
catalyst present in the reactor at the time of the
production is excluded) are contacted.

(2) The deposit deactivation treatment method
described in (1), characterized in that the electron
donative compound is a compound having an active methylene
group or a functional group represented by the following

general formula in the chemical formula:



[ 0007]

represents

[Chem 1] -X-H [0008] (wherein X represents a hetero atom

and H

hydr ogen.) [0009] (3) The deposit deactivation treatnent nethod

described in (1), characterized in that the electron donative conpound is
at | east one selected fromwater, alcohols, phenols, carboxylic acids,
ammoni a and acetylacetone. (4) The deposit deactivation treatnent
described in any one of (1) to (3), characterized in that the

am nes,
met hod

el ectron donative conmpound is dissolved in a hydrocarbon conpound.
deposit deactivation treatnment method described in any one of (1) to (4),
characted®88dlin that the chromumseries catalyst is constituted of a
conbi nation of a_chrom um conpound (a), a nitrogen- containing conpound (b)
and an allG®eRumtdont ai ning conmpound (c). (6) The deposit deactivation
treatment nethod _described in any one of (1) to (4), characterized
the chrom um s&f8s catalyst is constituted of a conbination of at

chroniunk%%ggqund (a), a 4

(wherein X represents a hetero atom, and H represents
hydrogen.)
[0009]

(3) The deposit deactivation treatment method
described in (1), characterized in that the alectron
donative compound is at least one selected from water,
alcohols, phenols, carboxylic acids, amines, ammonia and
acetylacetone.

(4) The deposit deactivation treatment method
described in any one of (1) to (3), characterized in that
the ealectron donative compound is dissolved in a
hydrocarbon compound.

(5) The deposit deactivation treatment method
described in any one of (1) to (4), characterized in that
the chromium series catalyst is constituted of a
combination of a chromium compound (a), a nitrogen-
containing compound (b) and an aluminum-containing
compound (c).

{6) The deposit deactivation treatment method
described in any one of (1) to (4), characterized in that
the chromium series catalyst is constituted of a

combination of at least a chromium compound (a), a

(5) The

i n that
| east a



ni t rogen-cont ai ni ng conpound (b) an al um num contai ning conpound (c) and a
hal ogen- cont ai ni ng conpound (d). (7) The deposit deactivation treatnent
nmet hod described in any one of (1) to (6), characterized in that the
a-olefin is ethylene. (0010] According to the present invention, there is
provi ded a deposit deactivation treatnment nethod which treats deposits
accunul ated in the inside of a reactor and/or in the inside of a heat
exchanger for renoving reaction heat in the reactor in producing a | ow
pol ymer of an a-olefin by a continuous reaction systemin a solvent
suppl i ed nigndgeneeentrining heoppovadce (b} ; a arhr adumdnuBccoatadaingy st
characterized in that after conpletion of the production in the reactor,
t he depostampounfl afr) cardta dralegentoentdvhpbagideeppeyndeddl hat t he chronmi um
series catalyst present in the reactor at the tinme of the production is
excl uded) are cohtacThe TePesikt r dragsidptienconperpmented methed deposit
deactivation treatnent nmethod to which the present invention is_ applied is
pr ef er abldeseiRgd i ARV RESarE ddi V& ntdhy| ehrTarbapizerdainyfddtonal
group represented by the following general fornula in its chem cal fornula:
[0011] [ CHemaqlefdd fsethylene.

[0010]

According to the present invention, there is
provided a deposit deactivation treatment method which
treats deposits accumulated in the inside of a reactor
and/or in the inside of a heat exchanger for removing
reaction heat in the reactor in producing a low polymer of
an o-olefin by a continuous reaction system in a solvent
supplied to the reactor in the presence of a chromium
series catalyst, characterized in that after completion of
the production in the reactor, the deposits and an
electron donative compound (provided that the chromium
series catalyst present in the reactor at the time of the
production is excluded) are contacted.

The electron donative compound used in the deposit
deactivation treatment method +to which the present
invention is applied is preferably a compound having an
active methylene group or a functional group represented
by the following general formula in its chemical formula:

[0011]
[Chem. 2]

-X-H



[0012] (wherein X represents a hetero atom and H represents hydrogen.)

[ 0013] The el ectron donative conpound is preferably at |east one sel ected
fromwater, alcohols, phenols, carboxylic acids, am nes, ammonia and
acetyl acetone. [0014] The el ectron donative conpound is preferably

di ssolved in a hydrocarbon conpound. [0015] The chrom um series catal yst
used in the deposit deactivation treatnment nmethod to which the present
invention is applied is preferably constituted of a conbination of a
chrom um conmpound (a), a nitrogen- containing conpound (b) and an

al um numl@8k24i ni ng conpound (c). In the present invention, one constituted
of a conbination of at |east a chrom um conpound (a), a

ni t rogen{wbaraini i Eprasanish) a keteroniatam codng nEngrepregen®?l (c) and
a hal ogen-contai ni ng conpound (d) can be wused as the chrom um series

cat al yst hydrogaa.present invention, the a-olefin is preferably ethylene.
Advantag?ogisahe I nvention [0016] 6

The electron donative compound is preferably at
least one selected from water, alcohols, phenols,
carboxylic acids, amines, ammonia and acetylacetone.

[0014]

The e@electron donative compound is preferably
dissolved in a hydrocarbon compound.
[0015]

The chromium series catalyst used in the deposit
deactivation treatment method to which the present
invention is applied is preferably constituted of a
combination of a chromium compound (a), a nitrogen-
containing compound (b) and an aluminum-containing
compound (c).

In the present invention, one constituted of a
combination of at least a chromium compound (a), a
nitrogen-containing compound (b), an aluminum-containing
compound (c) and a halogen-containing compound (d) can be
used as the chromium series catalyst.

In the present invention, the a-olefin is preferably
ethylene.

Advantage of the Invention

[001e]



According to the present invention, deposits in a production process of an
a-olefin low polyner is deactivated. Brief Description of the Draw ng
[0017] [Fig. 1] Fig. 1 is a view explaining a production flow exanple of an
a-olefin I ow polynmer in the enbodi nent of the invention. Description of

Ref erence Nunerals and Signs [0018] 10 ... Reactor 10a ... Stirring nmachine
10b ... Punmp 10c ... Filter 11, 22, 32, 41, 42, 51 ... Piping 1lla ..
Deactivator supply piping Ilb ... Piping llc ... Piping 12 ... First supply

Gatalyst - suppi 9& PhrRgo 198" che” Brdtant panyerFich ppReLtRo R Dping 15

o Fourggo Her JMF%Qgcegg’ 6&' C]rcgfaffH]pigkngpolymer is
deactivated.
Brief Description of the Drawing
[0017]
[Fig. 1] Fig. 1 is a view explaining a production flow
example of an oa-olefin low polymer in the embodiment of
the invention.

Description of Reference Numerals and Signs

[0018]
10 ... Reactor
10a ... Stirring machine
10b ... Pump
10c ... Filter
11, 22, 32, 41, 42, 51 ... Piping
lla ... Deactivator supply piping
11b ... Piping
1lc ... Piping
12 ... First supply piping
12a ... Ethylene supply piping
13 ... Second supply piping
13a ... Catalyst supply piping
13b ... Solvent pump
14 ... Third supply piping
15 ... Fourth supply piping
21, 31 ... Circulation piping



16 ... Heat exchanger 16a ... Condenser 17 ... Conpressor 20 ... Degassing
tank 30 ... Ethylene separation colum 40 ... H gh boiling separation col umm
50 ... Hexene separation colum 52 ... Solvent circulation piping 60 ..

Sol vent drum Best Modde for Carrying Qut the Invention [0019] The best node
for carrying out the invention (hereinafter, the enbodi ment of the

I nvention) is described in detail below. The inventionis not limted to
the foll ow ng enbodinent and can be carried out with various nodifications
Wi thin a scope its g % cEu!r‘therrmre the draw ngs used are to explain
the present e odlheﬁ a aﬁﬁ 8"A8f show the actual size. [0020] (a-Aefin)
In the productigg nethe ngg a-olefin |l ow polyner to which the enbodi nent
of the invention is§ app Re a-olefin used as a raw material includes
substituted or suUnsubgsti, hggggog ol efins having from2 to 30 carbon atons.
Specific exanp es of suc ol efin include ethylene, propylene,

1-butene, 1-hexgne, lpgghgleng3tARkhY!-1-butene 8

30 ... Ethylene separation column

40 ... High boiling separation column
50 ... Hexene separation column

52 ... Solvent circulation piping

60 ... Solvent drum

Best Mode for Carrying Out the Invention
[0019]

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

[0020]
{a-0Clefin)

In the production method of an «a-olefin low polymer
to which the embodiment of the invention is applied, the
a-olefin used as a raw material includes substituted or
unsubstituted o-olefins having from 2 to 30 carbon atoms.
Specific examples of such an a-olefin include ethylene,

propylene, l-butene, l-hexene, l-octene, 3-methyl-l-butene



and 4-nethyl-1-pentene. In particular, ethylene is preferred as the a-olef
in of araw material, and when ethylene is used as the raw materi al,
1-hexane as a trimer of ethylene is obtained in high yield and high
selectivity. Furthernore, when ethylene is used as the raw materi al,

| mpurity conponents other than ethylene may be contained in the raw
material. Specific inpurity conponents include nethane, ethane, acetylene
and carbon di oxi de. Those conponents are preferably in an anount of 0.1

mol % or Le b n_ £t e of the ra .erhal. Chrogi um
series cﬁPaFyéf%iﬁﬁgaﬁﬁggﬁ¥h%$§%Ties g%taﬁ?g?&?éhgéécﬂ%gygﬁﬁéﬁv #%Lu

chrom u%§8%§?§e&at Y ¥nhd!S6doh Bl HE %d' 92{3‘ dtd 1 | MUY | @RehNCI udes a
catal ystconstituted of a combination  of af least a ¢ rom um conpound (a),

at | east o8y ofll! §A0ULLL WA tH\ G HPHAGLAD) BHSERL L4 0N LRERGE OUD

consi sting an am ne, an amde and an | and an um num cont ai ni ng

conpound,€C L hyA8ne iYNIHRSIGdE Sk Hidh i di5Cand M% ;emmwﬁmtypf the

i nvention may Contai n a hal ogen-containi ng conpound as the fourth

conponeny,aeharible ! widedeth)2afe CAJ ahi¥al GYTPERAENLaW BNaBErS4D) eCted tO
catal yst preadjustnent for thé purpose of inprovenent of catalytic

activityimplrehgClddmpsiuiéd VothakV alans Usthybeké NRhy LY/ ClodBained
tetrahydrofuran, diethylether and di met hoxyet hane 9
in the raw material. Specific impurity components include
methane, ethane, acetylene and carbon dioxide. Those
components are preferably in an amount of 0.1 mol% or less
based on ethylene of the raw material.
[0021]
{Chromium series catalyst)

The chromium series catalyst is descried below. The
chromium series catalyst used in the embodiment of the
invention includes a catalyst constituted of a combination
of at least a chromium compound (a), at least one
nitrogen-containing compound (b) selected from the group
consisting of an amine, an amide and an imide, and an
aluminum-containing compound (c).

The chromium series catalyst used in the embodiment
of the invention may contain a halogen-containing compound
(d) as the fourth component according to need. Those
catalyst components may  Dbe subjected to catalyst
preadjustment for the purpose of improvement of catalytic

activity. An electron donative solvent such as ethers

such as tetrahydrofuran, diethylether and dimethoxyethane



may be used for the catal yst preadjustnent, but the catalyst preadjustnent
sol vent which does not deactivate those catalysts is contained in the
chrom um series catalyst. Each conponent is described below [0022]
(Chrom um conpound (a)) The chrom um conpound (a) used in the enbodi nent of
the invention includes at | east one conmpound represented by the general
formula CX,,. In the general fornmula, X represents an optional organic
group or inorganic group, or a negative atom and n is an integer of from1l

to 6, Q%Pft SbEXeL‘éfaﬁb' ¥or O'i:hEDVSatWJ]th” i>§egjiggs@}il&ﬁydx BRY PRet he sane

or differ es o the organic group 1 nc rocarbon group

having frQpalyist 3&&2& SeRARET s0d veRTO ARV clf QHBs At 2hKQXYighedP. a
car boxyl grou a (3-diketonate group, a O0-ketocarboxyl group, a

0- ket oestkpo @ 0%@1%% anidlo o dihedX P! een@f ERBohiRhI2BEE1850UDP
I nclude chrom um salt-form ng groups such as a nitric acid group or a

sulfurlccgghqﬁg&pup Exanpl es of the negative atom include oxygen and a
hal ogen. A hal ogen-containing chrom um conpound is not included in the

hal ogen- cont aEaichd compawht (F diessiberi] Beicsi.nafter. [0023] 10
[0022)]
(Chromium compound (a))

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

Examples of the organic group include a hydrocarbon
group having from 1 to 30 carbon atoms, a carbonyl group,
an alkoxy group, a carboxyl group, a [j~diketonate group, a
f-ketocarboxyl group, a f-ketoester group and an amido
group.

Examples of the inorganic group include chromium
salt-forming groups such as a nitriec acid group or a
sulfuric acid group. Examples of the negative atom
include oxygen and a halogen. A halogen-containing
chromium compound is not included in the halogen-
containing compound (d) described hereinafter.

[0023]

10



The nunber of valency of chromum (Cr) is O to 6. The preferred chrom um
conpound (a) includes a carboxylate of chromum (Cr). Specific exanples of
t he carboxylate of chromi uminclude chromum (I11) acetate, chromum (I11l)
acetate, chromum (Ill)-n-octanoate, chromum (I11)-2- ethyl hexanoate,
chromum (I'11) benzoate and chromum (111) naphthenate. O those, chrom um
(I'11)-2-ethyl hexanoate is particularly preferred. [0024]

(Ni trogen-contai ni ng conpound (b)) The nitrogen-containing conmpound (b) used
in the enbodinent of the invention includes at | east .onge c npoung sel ected

fromthe groupTBEndtmRer 8Ff YALleRNe chinBAPBEWL$n 5 fe. *Exqnpl es of

b i xt ur Bheoprafesd el chiani iy R gl AhEHESEE oy SREBrELBonpound.
mxture SF EhosEL (e C eredlhie cxinstl ah SR R S FRER PR i hci ude
those nebRroRarFs. SFGESRF TrifomSii”, T "Roshaictl Fhfninl® SLELES T0)

used i n\L0gaRE000 iR Al ¢ Ner 41} S Al AEl 0 S e SRAGRTAG Yy 1 pUTp DO

conpound.” “Specl f'i c exanpl es o ary amné conpound 1nclude
pyrr0|eseﬁﬂ§ﬁh§§a8¥%r ,ecﬂédﬁiﬁEL(III) benzoate and chromium (IIIX)

naphthenate. Of those, chromium (III)-2-ethylhexanocate is
particularly preferred.

[0024]

(Nitrogen-containing compound (b))

The nitrogen-containing compound (b) used in the
embodiment of the invention includes at least one compound
saelected from the group consisting of an amine, an amide
and an imide. Examples of the amine include a primary
amine compound, a secondary amine compound and a mixture
of those. Examples of the amide include a metal amide
compound derived from a primary amine compound or a
secondary amide compound, a mixture of those, and an acid
amide compound. Examples of the imide include 1,2-
cyclohexanaedicarboxyimide, succinimide, phthalimide,
maleimide and those metal salts.

[0025]

The preferred nitrogen-containing compound (b) used
in the embodiment of the invention includes a secondary
amine compound. Specific examples of the secondary amine

compound include pyrroles such as pyrrole, 2,4~

11



di et hyl pyrrole, 2,5-dinethylpyrrole, 2-nmethyl-5-ethyl- pyrrole,

2,5-di met hyl - 3-et hyl pyrrol e, 3,4-dinethyl pyrrole, 3,4-dichloropyrrole,
2,3,4,5-tetrachl oropyrrole and 2-acetylpyrrole, and their derivatives.
Exanpl es of the derivative include netal pyrrolide derivatives. Specific
exanples of the netal pyrrolide derivative include diethylalum num
pyrrolide, ethylalum numdipyrrolide, alumnumtripyrrolide, sodium
pyrrolide, lithiumpyrrolide, potassiumpyrrolide,

di et hyl al ,um 2, 5-di hy| - rroljde), | al um
e T e
sodi un( 2 5-diqpth. = Pyrralide), 1ithi um 2 5-di hyl rolide) and

BY=E9 18 d A RS s s S A RSPl Ao B8 o
S?te?ﬁf/: glgurpfaunﬁél, 5-di matg. I pylrr(;a [ ge¥l rEall efg red. i&ll—fir e, thg S?Erri num
pyrrol i d&¢ *3P& “Rof TR é’in th&’>a ﬂ%inﬁnf%SnégfﬁPXE 8ofpound®TTC).
Furth h I - t ai ni. . ' t . dpncluded i
he. hal oBeRCETIEVRE el Sio ARt BhBa ORI AT nsatblar? I b0 Cind”

C The ) C .| o] : L. nbogl .of the
i(nzl)ent [ Og%}:ﬁ.?? {}H.gse %mﬁeégs{g%%gggo%%ﬁngldsgﬁ&g?g’ éaé%%eli'l k%ﬁ%—ﬁgm
d k | yd d t | al um
compound “EREEEET O Arehes’ WROHT CPREPHIZaET Rl BoFuay! alum num
triethyl ahuEhu@ vhdinudPPUbykabiThaum dipfldlamidum  dipyrrolide,

aluminum tripyrrolide, sodium pyrrolide, lithium pyrrolide,
potassium pyrrolide, diethylaluminum (2,6 5-dimethyl-
pyrrolide), ethylaluminum bis (2,5-dimethylpyrrolide),
aluminum tris(2,5-dimethylpyrrolide), scdium(2,5-dimethyl-
pyrrolide), lithium(2,5-dimethylpyrrolide) and potassium-
(2,5-dimethylpyrrolide) . Of those, 2,5-dimethylpyrrole
and diethylaluminum(2,5-dimethylpyrrolide) are preferred.
(Here, the aluminum pyrrolides are not included in the
aluminum-containing compound {e). Furthermore, the
halogen—-containing pyrrole compound (b) is not included in
the halogen-containing compound (d).)

[0026]

(Aluminum-containing compound (c))

The aluminum-containing compound (c) wused in the
embodiment of the invention includes at least one compound
such as a trialkylaluminum compound, an alkoxyalkyl-
aluminum compound and a hydrogenated alkylaluminum
compound. Specific examples thereof include trimethyl-

aluminum, ¢triethylaluminum, triisobutylaluminum, diethyl-

12



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

Is parti

need. Ex
conpound

with 2 or nore carbon atons having 3 or nore halogen atons and a cyclic

hal ohydr
(The hal

al um num._cont ai ni cO ound peci fic t hereof include

di et hyl altﬁr‘rfagﬁ'g%qfﬁ'l%ﬁﬁn I?ﬁﬂr)ﬂ%ﬁﬁ Y FE& rg%cg“ de, carbon

EQR 1,1,1- trlchloroethane 1,1,2,2-tetrachl or oet hane, penta-
€,

tetrachl
chl or oet
1, 2, 3, 4,
bis(tric

a-olefin

cularly preferred. (0027] (Hal ogen-containing conpound (d)) The
chrom um series catal yst used in the enbodi nent
t he hal ogen-cont ai ni ng conpound

of the invention contains
(d) as the fourth conponent according to
anpl es of the hal ogen-containing conpound (d) include at |east

one

of a hal ogenat ed al kyl al um num conpound, a |inear hal ohydrocarbon

BERATER o Ek i Ao HORSBERA LI RED Wi | (D cHRose,

1hexach|oroethane 1,2,3-trichloro- cycl opropane,

aForoﬁéﬁhEé%&%ﬁ%ﬁgggg%ﬁﬁgg&ﬁf&rgéenzene [0028] In the enbodi nent of

the invention, phe dPimiRfd yg@ﬂg@tagpae s€Nuded Gl Whe BREOGIAGRY that the

and the chromum seri es cata are contacted in an e

odi nent

that thegghrq %&mpywdcsﬂ)caéag ftb.e-.- i IR JHUBS A I dobpBaR@d () are

not prev

|ously
(d) as t.he fourth component accoxrding to need. Examples

of the halogen-containing compound (d) include at least
one compound of a halogenated alkylaluminum compound, a
linear halohydrocarbon with 2 or more carbon atoms having
3 or more halogen atoms and a cyclic halohydrocarbon with
3 or more carbon atoms having 3 or more halogen atoms.
(The halogenated alkylaluminum compcound is not included in
the aluminum-containing compound (c)). Specific examples

thereof include diethylaluminum chloride, ethylaluminum

sesquichloride, carbon tetrachloride, 1,1,1-
trichloroethane, 1,1,2,2-tetrachloroethane, penta-
chloroethane, hexachloroethane, 1,2,3-trichloro-

cyclopropane, 1,2,3,4,5,6-hexachlorocyclohexane and 1,4-
bis(trichloromethyl)-2,3,5,6-tetrachlorobenzene.
[0028]

In the embodiment of the invention, the low
polymerization of an o-olefin is preferably that the
c-olefin and the chromium series catalyst are contacted in
an embodiment that the chromium compound (a) and the

aluminum-containing compound (c) are not previously

13



contacted, or the previous contact thereof is wwthin 1 mnute. Such a
contact enbodi nent nmakes it possible to selectively conduct trimnerization
reaction of ethylene, thereby obtaining 1-hexene fromethylene as a raw
material in high yield. [00291 The contact enbodi ment in the above
continuous reaction systemincludes the followng (1) to (9). (1) A nethod
of sinmultaneously introducing a mxture of the catal yst conponents (a), (b)
and (d) and the catalyst conponent (c) into a reactor, respectively. (2) A

thod of si tyod {_the catalyst t
(b) o (BPRRETPAe At ol Pel PESHRBNEn Coibndin: SuacpRlcitd . “aRgaC T vty ()

A net hod g} igmntéﬁl ual(%gg{égugggg?ys ét%Hieéﬁlﬁh ag@ﬁylsttgonponents

(a) and and a mxture nponent’s ( a

tor, A o ST co ) t
of the caPAFYEE etipoteneder ‘Bt e P SRR
conponent.gekhl aBﬂtgg)m.h? q A hAe ‘irr e/ 949’ -a (Pdw A dELPPSh Of

S|nultaneously i ntroducing a m xture t catal yst conmponents (a) and
(b), catghyﬁgggogggqgnt (c) and the catalyst conponent (d) into a reactor,
respectively.

[0029]

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

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

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

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

(4) A method of simultaneously introducing a mi#ture
of the catalyst components (a) and (d) and a mixture of
the catalyst components (b)) and (c) into a reactor,
respectively.

(5) A method of simultanecusly introducing a mixture
of the catalyst components (a) and (b), catalyst component
(c) and the catalyst component (d) into a reactor,

respectively.

14



(6) A nethod of sinultaneously introducing a mxture of the catal yst
conponents (c) and (d), catalyst conponent (a) and the catal yst conponent
(b) into a reactor, respectively. (7) A nmethod of sinultaneously
introducing a mxture of the catalyst conmponents (a) and (d), catalyst
conponent (b) and the catal yst conponent (c) into a reactor, respectively.
(8) A nmethod of simultaneously introducing a mxture of the catalyst
conponents (b) and (c), catal yst conponent (a) and the catal yst conponent

d) int tively. (9) A nethod of sinult d
ntiopendent |y (BAt PoBHAG: i P TP chm R o= (R EFEc) . The
ised i n- Bhe CREAEEBY S ORI B () Achafdor cabe AR vt oot al yer

trati it h t al t ] '
The. abod® (1778, (8 cEAvvan oo albio (OETTEME Y "Readiabi 20

supply pLRi d a chromumseries catalyst solution pre-mxed with a
static n#ggggg%i%ﬁ%§nlike can be supplied to the reactor. (0030) The

Lot oL SR B R SRl und adli W RERELE "
of the catalyst components (a) and (d), catalyst component
(b) and the catalyst component (c) into a reactor,
respectively.

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

(9) A method of simultaneously and independently
introducing each of the catalyst components (a) to (d).

The above-described each catalyst component is
generally dissolved in a solvent used in the reaction, and
supplied to a reactor.

To remove uneven catalyst concentration in the
reactor, the catalyst components or the mixtures in the
above (1) to (9) can be supplied to a sclvent supply
piping (second supply piping 13), and a chromium series
catalyst solution pre-mixed with a static mixer or the
like can be supplied to the reactor.

[0030]
The “embodiment that the chromium compound (a) and

the aluminum-containing compound (c) are not previously

15



contacted” is not limted to the initiation tine of the reaction, and neans
that such an enbodinent is maintained even in the supply of the subsequent
additional a-olefin and catalyst conponent into the reactor. Furthernore,

in a batch reaction type, it is desired that the same enbodi nent is
utilized. [0031] The ratio of each constituent in the chrom um series

catal yst used in the enbodi nent of the invention is generally that the

ni t rogen-cont ai ni ng conpound (b) is from1lto 50 nol es, and preferably from

iotn?af’lﬂi %ngﬁﬁgﬁf{d =) SE? ’ 133 <R oP20g o 1 L %&%?‘Eﬁs%aﬁafi #5m 10 to
150

hal oggneigﬁggf"ﬁmge ?npfﬁle ] %%r‘qfssuggﬁ a?%@% (ﬁ}'{ SHe gn'? o‘tr?ﬁgﬁrrlﬁ%%lr‘?%s

cat al yStFyLPro '1&?2“ pEply a'o'}z‘ TEhéd eHg&ugﬂ %Jlélr&?alto 91&?&:?

preferab per & om um corrpound

[0032] Ig?h]hga%g‘&ggg MR, aneg_‘tlellnq: eq:tqieo Elt,;;:%”_am)unt of the chrom um

series ca yst ot particu imted, but is generally from

L 0%, Beshernepsl Pl wdean et g el agpicke e
Chro”‘“”&ﬁgﬁpQHQd36ﬁh Rebolinen® 1% Jth8izba.
[0031]

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

[0032]

In the embodiment of the invention, the amount of
the chromium series catalyst used is not particularly
limited, but is generally from 1.0x107' to 0.5 mole,
preferably from 5.0x107 to 0.2 mole, and further

preferably from 1.0x107° to 0.05 mole, in terms of chromium

atom of the chromium c¢ompound (a) per 1 liter of the
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sol vent described hereinafter. By using such a chrom um series catal yst, for
exanpl e when ethylene is used as a raw material, hexene which is a triner
of ethylene can be obtained in selectivity of 90% or nore. In this case,
the proportion of 1-hexene occupied in hexene can be 99% or nore. [0033]
(Solvent) 1In the production nethod of an a-olefin | ow polymer to which the
enbodi nent of the invention is applied, the reaction of an a-olefin can be
conducted in a solvent. Such a solvent is not particularly limted.

However r _exanple hai tur d hydrocarbons or alicyclic saturated
hydrocar%%%v?nﬁagg gr%§8§]§3?31§6§%§rb0n atons, such as butane, pentane,

3- net hyl pent a h an o] cl afgxane,
met hyl cycl ohex ﬁ§;ﬂ§ 4Q§?Pne?hyféggﬁéne a§§ﬁ§§¥%|?% Rﬁﬁ%ronatlc
hydrocar gong. $ acguh%% PEPEFTEne | UsUGiad XKLEE: ra! mm%aaqne,hméyl ene and

tetralin are use rnore, an a-olefin | ow polyner may be used as a

sol vent . yifhgge ggn e %&%@Aor@foreeﬁ,ﬁﬁeﬂaxeeﬁol BNt ophiild | i ar, the
ven

preferred so is chain saturated hydrocarbons or alicyclic saturated
hydrocarb@ﬂéct;@i%&”ﬁff@m@‘%é(h6£bCarﬁ@ntﬁignﬁasﬂhe&ﬁd“ﬁﬁbﬁﬁﬂ s s are

used, by-produced polynmers such as a pol yethyl ene can be suppressed.
Fur t her NBf e1-HeR8nkhecaliperal e hakdhat edn Bé 99% or more.

[0033]

(Solvent)

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

Such a solvent is not particularly limited. However,
for example, chain saturated hydrocarbons or alicyclic
saturated hydrocarbons, having from 1 to 20 carbon atoms,

such as butane, pentane, 3-methylpentane, hexane, heptane,

2-methylhexane, octane, cyclchexane, methylcyclohexane,

2,2,4-trimethylpentane and decalin; and aromatic
hydrocarbons such as benzene, toluene, xylaene,
ethylbenzene, mesitylene and tetralin are used.

Furthermore, an a-olefin low polymer may be used as a
solvent. Those can be used alone or as a mixed solvent.

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

suppressed. Furthermore, when the alicyclic saturated
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hydr ocar bons are used, high catalyst activity tends to be obtained. [0034]
(Production nmethod of a-olefin |ow polyner) The cc-olefin | ow pol ynmer used
herein neans an oligoner conprising a plurality of an a-olefin as a

nononer bei ng bonded. Specifically, it means a polyner conprising 2 to 10
of an a-olefin as a nononer being bonded. Here, the production nmethod of an
a-olefin low polyner is described by referring to an exanple of the
production of 1-hexene which is a trimer of ethylene as an a-olefin | ow

pol ymer uysi.ng ethylene as an a-aolefin. Fig. Is.a_view.exp] aini a

P onuct | BRAPRGAEBEREa-E ditad ahbehr atrbieors v ey SRRl bR Hen of
the i nven#’i Qn. g}]ﬁ production fl ow exanple of 1-hexane using ethylene as a
raw mat ePPAPER in Fig. 1 shows a reactor 10 in which ethylene is

subjecteqobg ZOMI pol ymeri zation in the presence of a chrom um series
catal yst, a ﬁ at exchanger 16 for renoving reaction heat by circulating the

ti ' . ' t ted et hyl
reac 'On(g‘réhﬂéﬁloﬂ q']glgg%?d%\% %Jﬁgiiaev%ﬂ'nf r]%rq# Phgg_%eq:t)es an unreacted ethyl ene

gas from'a reaction reactor 10, an ethyl ene

separation col 4 3§ LAAri} Stidy S FRipane ddbd NeheFf&Rf! i dahs qUAH

wi t hdrawn fromthe degassing tank 20, "a high boiling separation colum 40

that sepgiaheme? hiBlpriling a plurality of an o-olefin as a
monomer being bonded. Specifically, it means a polymer
comprising 2 to 10 of an «-olefin as a monomer being
bonded.

Here, the production method of an da-olefin low
polymer is described by referring to an example of the
production of l-hexene which is a trimer of ethylrene as an
a-olefin low polymer using ethylene as an a-olefin.

Fig. 1 1is a view explaining a production flow
example of an a-olefin low polymer in the embodiment of
the invention. The production flow example of l-hexene
using ethylene as a raw material shown in Fig. 1 shows a
reactor 10 in which ethylene is subjected to low
polymerization in the presence of a chromium series
catalyst, a heat exchanger 16 for removing reaction heat
by circulating the reaction mixture, a degassing tank 20
that separates an unreacted ethylene gas from a reaction
liquid withdrawn from the reactor 10, an ethylene
separation column 30 that distills ethylene in the
reaction liquid withdrawn from the degassing tank 20, a

high boiling separation column 40 that separates a high

18



boi ling substance (hereinafter referred to as "HB" (high boiler)) i

reaction liquid withdrawmn fromthe

hexene separation colum 50 that distills the reaction liquid wthd
from the top of the high boiling separation colum 40 to distill away
1- hexene. Furthernore, a conpressor 17 that circul ates an unreacted
et hyl ene separated in the degassing tank 20 and a condenser 1l6a int

r eact or
r eact or
machi ne

stirri ngb}gliq_gq.)gf i the type Sﬂggcﬁioﬁadg_lj%é#iﬁ aydl S arawll OPELLRT B_P-,Hr

the like 1s useé

10 via a circulation piping 21 is provided. (0035] In Fig.

i Sb ek OB e S R A

n conbl nati on Wt € such as a pl anar at

n the

et hyl ene separation colum 30, and a

rawn

o the
1, the
i ng

Oa,

bi ne or
e, a

cylinder (A A ' BbPara®ibn TES1GRACIHY, 1QnABYa NHedeheLdbpRELLYLLN t he
stirring machine 10a, baffle and jacket.” [0036] As shown in Fig. 1,

IS conti Ay 505 WHEE i d €118 £8aCEQicidoh M DI@Id ek D¥h&PEwAUBRLY PI PI NG
12a via the conpressor 17 and the first supply piping 12. Were the _
CoONpress@hel 7 top ber €XENPhfght WoSIAUP SEPEYASTIHON cHIHmH 48 Cikbcul ation
piping 31 is connected to the first stage, and a circulation piping

19

distill away l-hexene.

Furthermore, a compressor 17 that circulates an
unreacted ethylene separated in the degassing tank 20 and
a condenser 1l6a into the reactor 10 wvia a circulation
piping 21 is provided.

[0035]

In Fig. 1, the reactor 10 includes the conventional
reactors equipped with a stirring machine 10a, baffle,
jacket and the 1like. As the stirring machine 10a, a
stirring blade of the type such as paddle, pfaudler,
propeller, turbine or the like is used in combination with
a baffle such as a planar plate, a cylinder or a hairpin
coil. The reactor 10 may not be equipped with the
stirring machine 10a, baffle and jacket.

[0036]

As shown in Fig. 1, ethylene is continuously
supplied to the reactor 10 from an ethylene supply piping
12a via the compressor 17 and the first supply piping 12.
Where the compressor 17 is, for example, two-stage
compression system, a circulation piping 31 is connected

to the first stage, and a circulation piping 21 is

19

et hyl ene
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connected to the second stage, thereby making it possible to reduce
electricity consunption. On the other hand, the chrom um conpound (a) and
t he nitrogen-containing conpound (b) are supplied fromthe second supply
piping 13 via a catalyst supply piping 13a, the al um num contai ni ng
conmpound (c) is supplied fromthe third supply piping 14, and the
hal ogen- cont ai ni ng conpound (d) is supplied from the fourth supply piping
15. Furthernore, a solvent used in |ow polynerization reaction of ethylene
is supplied to, the reactor_1 rom.t.he n YRR Y P P 037] In
t he enbocﬁﬁorrr’é‘r?tctc? 5"h°e ?}%eﬁ ?%’rllz,l ?ﬁg‘ Féa%?’%%r?%ytserrpeér/na‘fuj?%nﬁg?\&%ﬁ%igeactor 10
I's generglly_f t l%%i <y y.fro 2005 REOGg Mo
preferabﬁ'f fyrre(‘)ir‘rl1 Oqaltég: %t];rh%&; ea |yo%l{brre%§8$ﬁegi S |%a ranbe{ﬂg?
gener al | i bW YoBloutl £ SEHY! Ssnd Ocre h 468 6 GE8- cHh €L Yebh§BuRat 0 150
kgf/cng, a_rf% nor e ;?_E%foeracﬁlfl&’from 10 to 100 igf/%mz. ﬁ?%géﬁ&%e
trinerizgg)onseaghhbplifl G Coke | 3eBbRbC ARPLY Cﬁ{?_i'ﬁée(hsuﬁlht&at a
nol ar ratio of 1-hexene to ethylene in the reaction Tiquid ((1-hexene in
react| oncaltlaq?lst%) I (@épplgne PibimRAct19a, | | ael) ) al Smin@i-QoRbaiRidgd, and
particularly from0.10 to 1.0. Specifically, it is preferred that in the
case of @ nduowH reacthppliad €z2bal the AMIGRNISHPILN, pHpim@CcLEON
pressure and ot her 20

and the halogen-containing compound (d) is supplied from

the fourth supply piping 15. Furthermore, a solvent used
in low polymerization reaction of ethylene is supplied to
the reactor 10 from the second supply piping 13.

[0037]

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

The reaction pressure is in a range of generally
from normal pressures to 250 kgf/cmz, preferably from 5 to
150 kgf/cmz, and more preferably from 10 to 100 kgf/cm?.
[0038]

The trimerization reaction of ethylene is preferably
conducted such that a molar ratio of l-hexene to ethylene
in the reaction liquid ( (1-hexene in reaction
liquid) / (ethylene in reaction liquid)) is from 0.05 to 1.5,
and particularly from 0.10 to 1.0, Specifically, it is
preferred that in the case of a continuous reaction, a

catalyst concentration, a reaction pressure and other

20



conditions are adjusted such that the nolar ratio of 1-hexene to e
in the reaction liquid is in the above range, and in the case of a
bat chwi se reaction, the reaction is stopped at the tinme that the nolar
ratio is in the above range. This has the tendency that by-product
conponents having a boiling point higher than that of 1-hexene is

suppressed, thereby further increasing selectivity of 1-hexene. [0
reaction liquid continuously withdrawn fromthe bottomof the reac

via a pi

deacti va

8?8%%1'ﬂ58f‘|se2|2? n?‘%mgsg L atloq’rq:%ctﬁl th%f 38 ﬂl engag stop

i vator supply pipingila, % suc

react | onLhgubel scouahiAd Lge HRa38a0s chank g qgh

unr eac

ene I e asse romt eto eof , CI rcu

Suppl 1 e abb@e! Q%,. gRaCY sz%vmaacsa clkali 9 Ui @%12;33441 conde

t he conpressor

I rst supp y piping 12. e reaction

whi ch unpggeiedn gghgh%ggeﬁastbm %wmﬂ Serd thuo e S un 1 dhes b

t he degassing tank

eration conditions of the degassing tank 2

that thethgMaBbdelrange .IePRA3! hisl tHE GdriietRiF tid¥ byP9f Sdddt York
200C, and the pressuré is generally fromnormal pressures to 150 k

and pref gFaichpgdrift N KAPLng" 8S i3 ng0 i hegRer2than that of

l-hexene is suppressed, thereby further increasing
selectivity of l-hexene.
[0039]

The reaction liquid continuously withdrawn from the
bottom of the reactor 10 wvia a piping 11 is that
trimerization reaction of ethylene is stopped by a
deactivator supplied from a deactivator supply piping 1lla,
and such a reaction 1liquid is supplied to the degassing
tank 20. In the degassing tank 20, unreacted ethylene is
degassed from the top thereof, and circulated and supplied
to the reactor 10 via a circulation piping 21, the
condenser 1l6a, the compressor 17 and the €first supply
piping 12. The reaction 1liquid from which unreacted
ethylene has been degassed is withdrawn from the bottom of
the degassing tank 20.

Operation conditions of the degassing tank 20 are
that the temperature is generally from 0 to 250°C, and
preferably from 50 to 200°C, and the pressure is generally
from normal pressures to 150 kgf/cm’, and preferxably from

normal pressures to 90 kgf/cm?.
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[ 0040] Subsequently, the reaction liquid fromwhich unreacted ethylene gas
has been degassed in the degassing tank 20 is wthdrawn fromthe bottom of

t he degassing tank 20, and supplied to an ethyl ene separation colum 30 by
a piping 22. In the ethylene separation colum 30, ethylene is distilled
away fromthe colum top by distillation, and <circulated and supplied to
the reactor 10 via a circulation piping 31 and the first supply piping 12.
The reaction liquid fromwhich ethyl ene has been renoved is wthdrawn from
t he bott?ab46peration conditions of the ethylene separation colum 30 are
that the top pressure is generally from normal pressures to 30 kgf/cnR, and

preferably f roﬁﬂgégﬁbnt@gessuﬁﬁé ! el ti®d CMidqaid t NersRf luridmtio (R D)
is generally from0O to 500, and preferably from0.1 to 100. [0041] The

reacti onghidubdefir @Pniiliend fdy e Haén ba8gasdbdl iinl athd NddisLidy! ene
separation colum 30 is wthdrawn fromthe bottom of the ethyl ene

separati @ankC2bUNB @4 thaRdwhl FRome dhieO Bottdii WF ¥Hd idupfaiaiqtifnk col um
40 by a piping 32. In the high boiling separation colum 40, high boiling

conponenge, (HRd Bugplieid et & cethyléns avephiamibhe cbauinam3ay Ly (i pi ng 42.

A distillate fromwhich high boiling conmponents have been separated is

w t hdrawpiping 2ke t0p kfeaethpileged bapaZation column 30, ethylene
is distilled away from the column top by distillation, and
circulated and supplied to the reactor 10 wvia a
circulation piping 31 and the first supply piping 12. The
reaction liquid from which ethylene has been removed is
withdrawn from the bottom.

Operation conditions of the ethylene separation
column 30 are that the top pressure is generally from
normal pressures to 30 kgf/cmz, and preferably from normal
pressures to 20 kgf/cmﬁ, and the reflux ratio (R/D) is
generally from 0 to 500, and preferably from 0.1 to 100.
[0041]

The reaction 1liquid from which ethylene has been
distilled in the ethylene separation column 30 is
withdrawn from the bottom of the ethylene separation
column 30, and supplied to the high boiling separation
column 40 by a piping 32. In the high beoiling separation
column 40, high boiling components (HB: high boiler) are
withdrawn from the bottom by a piping 42. A distillate

from which high beoiling components have been separated is

withdrawn from the top by a piping 41.
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Operation conditions of the high boiling separation colum 40 are that the
top pressure is generally fromO0.1 to 10 kgf/cnR, and preferably fromO0.5
to 5 kgf/cn2, and the ref lux ratio (RID) is generally fromO to 100, and
preferably fromO0.1 to 20. [0042] Subsequently, the reaction liquid
withdrawn as a distillate fromthe top of the high boiling separation
colum 40 is supplied to the hexene separation colum 50 by the piping 41.
In the hexene separation colum 50, 1-hexene by distillation is distilled

fromthe ton byodraDighndonhs (8AGAY |nd hUGHAWD:HHAD thpAaldqm of the

hexene separation co and stored 1 n a 3ol vent m “60 via a sol vent

circul at L 9uh PhBd aze MM GHE WS Fﬂréélguréufi?ﬂl bede2a1dy' 83k @ S0l vent to

the reactor 10 via the second supplVy piping 13. "Operati on conditions of the

hexene sggangl YE LHUUMandOppbfetiBiy! B o0 1 CE8ULE NgE Aadfer dldy from 0.1
to 10 kgf/ch,]%End prefer?ag?y f?om 0}.!5 tc? 5 kgf/cn2, ar%fthe reflux ratio

(R'D) isteeneiegdink fraeid t(®/H0, idndenpralaiabf Yok 0M s 11560, 2Gind 0043]
(Deactivation treatnment method of deposits in reactor and heat exchanger)
The deacprysérabBl{r eabmeot 1mebhed . of deposits in the reactor 10 and the
heat exchanger 16 is described below 23
[0042]
Subsequently, the reaction liquid withdrawn as a
distillate from the top of the high boiling separation
column 40 is supplied to the hexene separation column 50
by the piping 41. In the hexene separation column 50,
l-hexene by distillation is distilled from the top by a
piping 51. Heptane is withdrawn from the bottom of the
hexene separation column 50, and stored in a solvent drum
60 via a solvent circulation piping 52, and circulated and
supplied as a reaction solvent to the reactor 10 via the
second supply piping 13.
Operation conditions of the hexene separation column
50 are that the top pressure is generally from 0.1 to 10
kgf/cm®’, and preferably from 0.5 to 5 kgf/cm?, and the
reflux ratio (R/D) is generally from O to 100, and
preferably from 0.1 to 20.
[0043]
{(Deactivation treatment method of deposits in reactor and
heat exchanger)

The deactivation treatment method of deposits in the

reactor 10 and the heat exchanger 16 is described below.
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In the enbodi ment of the invention, after conpletion of the production in
the reactor 10 in a heptane solvent supplied to the reactor 10 in the
presence of the chrom um series catalyst, deposits in the reactor 10 and
the heat exchanger 16 and an el ectron donative conpound are contacted to
deactivation treat the deposits. In the present invention, deactivating
deposits neans to prelimnarily treat the deposits such that the deposits
do not generate beat even though exposed to air, or do not spontaneously

combust. The eghoghEeRhbo¥inene o fd RS iilnty dHRIN | NEE S Al Sorilla £04n gENET AL €

heat even though exposed to air, or do not spontaneously conbust) are

renmoved LEORRENGFSBE LN SYAL @Rl Sdadtididerh | Int Be hefafld Vadivdnt r eat ment
of the present invention. The enbodinent that a plurality of a reactor

and/ or  gupplie8XEBARKY rlAlctiRally eiP\tHe Pedddncd WL XM Eeromiuier i es of
a reactor and/or a heat exchanger for heat renoval exist, is described

bel ow. Ogarsesi eateflydls, dePeéDts anf/ ahd hadetdr exohangertHeorne®at renoval
is operated as a series for producing an a-olefin |ow polyner, and the
ot her seekeéRahge# sSd/6 exaardiatans plieéctpost addmative a cxingdorurad Samte down such
that the series can always be operated as for energency in the case that
t he reactontaerdtortot deaktitvaddionatgeat! hehdspaosdt®.al during operation
are urgently stopped due to trouble of equipnment. |In this case, where
deposits are afounthet egpriosente sigrvessticdy deactivating deposits

means to preliminarily treat the deposits such that the

deposits do not generate heat even though exposed to air,

or do not spontaneously combust. The embodiment that the

deposits under the state (do not generate heat even though

exposed to air, or do not spontaneously combust) are

removed from the reaction system is included in the

deactivation treatment of the present invention.

The embodiment that a plurality of a reactor and/or

a heat exchanger for heat removal exists, for example, 2

series of a reactor and/or a heat exchanger for heat

removal exist, is described below. One series of the

reactor and/or the heat exchanger for heat removal is

operated as a series for producing an a-oclefin low polymer,

and the other series is a series that is put on standby in

a state of shutdown such that the series can always be

operated as for emergency in the case that the reactor

and/or the heat exchanger for heat removal during

operation are urgently stopped due to trouble of equipment.

In this case, where deposits are accumulated in the series
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during operation, the series during operation is separated fromthe
production, and the equipnent is stopped. The series on standby is
operat ed, and deposits adhered to the equipnment of the series stopped can
be deactivation treated. In the present invention, after stopping the
operation, deposits adhered to the reactor and/or the heat exchanger, and
the el ectron donative conpound are contacted. The deposits may be
deactivated by introducing the electron donative conpound into the reactor

d/ . - - _ ! o 2ok
and/ or tﬁgr&ggﬁtgpmr&er %%H's@:f@@&ﬂun Ja;?ee}:%gxe%reg%r%e%giéﬁ%lion the

deposits an el ectradn nati1ve conpo ontacted before

openi Ng_ieaeaf el | BRoHLEREEN | NufPORhBY JARHRAN | 98 Sttt andzsgnduct i ng
In

mai nt enance an pection of equi prent,” when the deposits are previously

deact i vaige@d est RAIRGddby s Gt 18l SYSiE Aepdei t§ O4ithESeQl tBethe
generation and spontaneous conbustion of deposits can be prevented from

occurri naﬂ&%&eme ISFACIHHY) Syt £48 Waéto%medeaﬁxaml edefbtibatsenosit in
the reactor 10 and the heat exchanger i ncl ude conponent conpounds of the

chr om umtsaited .cat al yst, a pol yet hyl ene by-produced in |ow polynerization
of an a-olefin, and a polyethylene having conponent conmpounds of the
chrom um seri egncatene' st preseatporinwshtiwi i nafkerpardtoppinig i the
deactivation 25

operation, deposits adhered to the reactor and/or the heat

exchanger, and the electron donative compound are

contacted. The deposits may be deactivated by introducing

the electron donative compound into the reactor and/or the

heat exchanger during operation.

In the present invention, the deposits and the
electron donative compound are preferably contacted before
opening the reaction system. In opening the reaction
system and conducting maintenance and inspection of
equipment, when the deposits are previously deactivation
treated in the reaction system, the troubles of heat
generation and spontanecus combustion of deposits can be
prevented from occurring when the reaction system was
opened.

Examples of the deposit in the reactor 10 and the
heat exchanger 16 include component compounds of the
chromium series catalyst, a polyethylene by-produced in
low polymerization of an a-olefin, and a polyethylene

having component compounds of the chromium series catalyst

incorporated therein. In particular, if deactivation
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treatnment is not conducted, the alum num containing conpound (c) such as an
al kyl al um numwhich is a conponent of the chromum series catalyst is
likely to vigorously react with oxygen in air and conbust. [0044] The

el ectron donative conmpound used in the enbodinent of the invention is not
particularly limted. Exanple of the electron donative conpound includes a
conpound having at | east one active nethylene group or functional group
represented by the following general formula in its chem cal formula.

[0045] L%E%aﬁ]t 2% H[ Lgf&4]61cm(ar\rﬁp§e§&p X¢h@Pr eshith SndmNeL£EL1 R0 and H

represents rogen 0047] Exanmples of the hetero atom (X) 1 n the above

chem cal bapBuha | NehUdGuRY 08y NHid ' o981 SWIWKiAGs PhRosPhoiys. aThe
chrom um series catalyst present in the reactor 10 at the tinme of the

product i gBmpenené! Used thePN:hhbmitheEdrdslonathl§seorpound keigd to& the
enbodi mrent of the invention. For exanple, pyrroles that are often used as
the 26 vigorously react with oxygen in air and combust.

[0044}

The electron donative compound used in the
embodiment of the invention is not particularly limited.
Example of the electron donative compound includes a
compound having at least one active methylene group or
functional group represented by the following general
formula in its chemical formula.

[0045]
[Chem. 3]

-X-H
[0046]

(wherein X represents a hetero atom, and H represents
hydrogen.)
[0047]

Examples of the hetero atom (X) in the above
chemical formula include oxygen, nitrogen, sulfur and
phosphorus.

The chromium series catalyst present in the reactor
10 at the time of the production is excluded from the
electron donative compound used in the embodiment of the

invention.

For example, pyrroles that are often used as the
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ni t rogen-contai ni ng conpound (b) are that active hydrogen 1is generally
pul | ed out by excess al kylalum numor the I|ike in the reactor 10 at the
time of the production, and is therefore present in the formof a pyrolide.
Therefore, pyrrolides in which active hydrogen has already been |ost do
not exhibit the effect to deactivation of deposits, and are excluded from
the el ectron donative conpound used in the enbodi nent of the invention.
However, pyrroles having active hydrogen present therein exhibit the effect

to d_eacﬁiié@&ggﬂ QBnﬂS@Hih%;hc%Jﬂafr Or £r&0khae PR it t}hﬁ) 0@%] &etron

donati ve conpodu used i n e enbodi nent of the invention Specific

exanpl es; gf AEeG rpaidenatéve EPaKR8dssi Al Madifum abeohené
phenol's, carboxylic acids, am nes, ~ammpnia and acetyl acetone.

particul 2iket @ni B0 B a ARt 20 v@entﬁaeama_ blfe thed Pr¥duiia, tahﬁi heat
exchanger, it is preferred to use water which is not a dangerous mat eri al .

Wen wat £ thedéfdras preentedin Ghel Budn & £ opprolide WatTHere@Bokse, suppl i ed
to the reaction systemin the formof water vapor. Further specific

conmpoundpyfnteledesplinf ivdials detiweV. hydhegenShasxaleaslyofbddre kdsohol s
I ncl ude nmonohydric al cohols such as nethanol, ethanol, 1-propanol, butanol,
pent anol dohasanekhibdtantdle, eff@icandlo, dectatrniotatimonad|depumsi thec aarod
(i ncludi ng branched al cohols such as isopropanol 27
are excluded from the electron donative compound used in
the embodiment of the invention. However, pyrroles having
active hydrogen present therein exhibit the effect to
deactivation of deposits, and therefore correspond to the
electron donative compound used in the embodiment of the
invention.
f0048]

Specific examples of the electron donative compound
include water, alcohols, phenols, carboxylic acids, amines,
ammonia and acetylacetone. In particular, to improve
safety when opening the reactor and/or the heat exchanger,
it is preferred to use water which is not a dangerous
material. When water is used as the electron donative
compound, water may be supplied to the reaction system in
the form of water vapor.

Further specific compounds are exemplified as follow,
That is, examples of the alcohols include monohydric
alcohols such as methanol, ethanol, l-propanol, butanol,

pentanol, hexanol, octanol, heptanol, octanol, ncnanol and

decancl (including branched alcohols such as isopropanol
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and 2-ethyl hexanol); benzyl al cohol, ethylene glycol, trinethylene glycol,
and propanedi ol. [0049] Exanpl es of the phenols include phenol, cresol and
hydr oqui none. Exanpl es of the carboxylic acids include formc acid, acetic
acid, propionic acid, butyric acid, valeic acid, hexanoic acid, heptanoic
acid, octanoic acid, nonanoic acid, decanoic acid, benzoic acid,

phenyl acetic acid, phthalic acid, malonic acid, succinic acid, glutaric
acid, adipic acid, acrylic acid, maleic acid, fumaric acid and salicylic

aci d. [0Qp4] Exaen&%e%nbhe a”bQﬁ%y'lndall%th' TR I RS oBS
met hyl am ne, ethyl am ne, isopropyl am ne, cyclohexyl am ne, enzylan1ne

ani line gpgmleRPLEKbAFLYRo1SEaAABEYpanBHASY .SUCh as diethyl am ne,
di i ospropyl ani ne, dlcyclohexylan1ne di benzyl am ne,

bis(trimpbbgbsi | yl)am no, norpholine, imdazole, indoline, indole, pyrrole,
2, 4-di net hyl pyrrole, 2,5-dinethylpyrrole, 2-methyl-5- ethylpyrrole,
2, 5-di net hyl - 3egékplagr cd ethd, phensREhinclinde OpRendl 4- direlslodr apyd r ol e,
2,3,4,5-tetrachl oropyrrole, 2-acetylpyrrole, pyrazole and pyrrolidine;
et hyl enehydregquinpnand tExshpyéanmofe. thé0xHrboxytie: eabbdsneiriclidé he
I nvention, the electron donative conpound is preferably dissolved in a
given 28ormic acid, acetic acid, propionic acid, butyric acid,
valeic acid, hexanoic acid, heptanoic acid, octanoic acid,
nonanoic acid, decanoic acid, benzoic acid, phenylacetic
acid, phthalic acid, malonic acid, sucecinic acid, glutaric
acid, adipic acid, acrylic acid, maleic acid, fumaric acid
and salicylic acid.
[0050]
Examples of the amines include primary amines such
as methylamine, ethylamine, isopropylamine, c¢yclohexyl-
amine, benzylamine, aniline and naphthylamine; secondary
amines such as diethylamine, diiospropylamine,
dicyclohexylamine, dibenzylamine, bis{trimethylsilyl)amine,
morpholine, imidazole, indeline, indole, pyrrole,
2,4-dimethylpyrrole, 2,5-dimethylpyrrole, 2-methyl-5-
ethylpyrrole, 2,5-dimethyl-3-ethylpyrrole, 3,4-dimethyl-
pyrrole, 3,4-dichloropyrrole, 2,3,4,5-tetrachloropyrrole,
2-acetylpyrrole, pyrazole and pyrrolidine; ethylene-
diamine; and triethylamine.
[0051]

In the embodiment of the invention, the electron

donative compound is preferably dissolved in a given
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hydr ocar bon conpound, and used in a formof a solution. The hydrocarbon
conpound is not particularly limted so long as it dissolves the electron
donative conmpound. Exanples of the hydrocarbon conpound include chain or
alicyclic saturated hydrocarbon conpounds having from1l to 20 carbon atons
such as butane, pentane, 3-nethyl pentane, hexane, heptane, 2-nethyl hexane,
oct ane, cycl ohexane, nethylcycl ohexane, 2,2,4-trinethyl pentane and decali n;
and aromatic hydrocarbon conpounds such as benzene, toluene, xylene,

et hyl benagaeocRbiony | ShiEpeutd | ehhal ivsed D€ aCafbrbeolSa akoletdbnas a ni xed
solvent. [0052] Wen the el ectron donative conpound is dissolved in a given

hydrocar raa Gop@eecEskbed icompdund 0f$n dotsohattdeulatbe admdad asbon of the
el ectron donative conmpound in the solution is not particularly limted, but
i s generabhy f&somi@. 08Qésbhves% blievweebbttrand gondeiabl yedmpound00l to 5%
by weight. [0053] In the enbodi nent of the invention, a nethod of
cont act i Egampd edcpofi t then hjhdrsasmdtian Hompohiridie inedtudecxchangerot6 wit h
the el ectron donative conpound after conpletion of the production in the
react or aldiicycidic satumahddyddagrxbem sworpunds having afnemhbdtén which
the deposits are deactivated. For exanple, a nethod of supplying the above-
29 20 carbon atoms such as butane, pentane, 3-methylpentane,

hexane, heptane, 2-methylhexane, octane, c¢yclohexane,

methylcyclohexane, 2,2,4-trimethylpentane and decalin; and

aromatic hydrocarbon compounds such as benzene, toluene,

xylene, ethylbenzene, mesitylene and tetralin. Those can

be use alone or as a mixed solvent.

[0052]

When the electron donative compound is disscolved in
a given hydrocarbon compound and is in a form of solution,
the concentration of the electron donative compound in the
solution is not particularly limited, but is generally
from 0.0001 to 50% by weight, and preferably from 0.001 to
5% by weight.

[0053]

In the embodiment of the invention, a method of
contacting the deposits in the reactor 10 and the heat
exchanger 16 with the electron donative compound after
completion of the production in the reactor 10 is not
particularly limited so long as it is a method in which

the deposits are deactivated.

For example, a method of supplying the above-~
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described solution of a hydrocarbon conmpound containing the electron
donati ve conpound to the reactor 10, and contacting the deposits in the
reactor 10 with the electron donative conmpound by stirring with a stirring
machi ne 10a is enployed. Furthernore, the deposits in the heat exchanger 16
and the electron donative conmpound can be contacted by wthdrawing a

sol ution of the hydrocarbon conpound from the bottom of the reactor 10, and
circulating the solution of the hydrocarbon conpound through a piping 11, a

punp 10QegdrfibblersdPstfbd di R ﬁﬁ(dﬂ&bamdf}:o}n?ohhﬁ epdweh fEMhgof the

I nvention, the tenperature where the solution of the hydrocarbon conpound

cont ai ni e tdPe&tLsh UbkbDld VeompiRRddebs ShePldeEddx t ho,reaggor 10
before discharging the deposits outside the systemis not particularly

limted, cbiitakbting athahgclepfosgaer dld ¥ tHd onpdhdin200(d andklpr efgeabl y from
20 to 150C. Where the solution of the hydrocarbon conpound is circul ated

t hrough glgchgonl, dbhatined tdumpoderl binestirvehgcivith naa sterdigt he heat
exchanger 16 is not particularly limted, but is generally 0.001 to 10

m sec, w@madhpnef@0abliy empioyedl to 5 m sec. Exanples [0055] The present
invention is described further 30

Furthermore, the deposits in the heat exchanger 16
and the electron donative compound can be contacted by
withdrawing a solution of the hydrocarbon compound from
the bottom of the reactor 10, and circulating the solution
of the hydrocarbon compound through a piping 11, a pump
10b, a filter 10c and a piping 1llb.

[0054]

In the embodiment of the invention, the temperature
where the solution of the hydrocarbon compound containing
the electron donative compound is supplied to the reactor
10 before discharging the deposits outside the system is
not particularly limited, but is in a range of generally
from 0 to 200°C, and preferably from 20 to 150°C.

Where the solution of the hydrocarbon compound is
circulated through piping 11, 11b and the like, linear
velocity in a tube of the heat exchanger 16 is not
particularly limited, but is generally 0.001 to 10 m/sec,
and preferably from 0.01 to 5 m/sec.

Examples

[0055]

The present invention is described further
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specifically based on the Exanpl es. However, the present invention is not
limted to the foll ow ng Exanples so far as it does not depart fro

gi st. [0056]

of ethylene is carried out in a process having the reactor 10, the
exchanger 16, the degassing tank 20, the ethylene separation colum 30,

hi gh boiling separation colum 40,

sol vent

drum 60 which stores a circul ati on solvent, as shown in Fi

mits

heat

g. 1.

From t he shlabgiri SuRRY B did'%ord 2thdNkgambid sCt NHRRRrerSEPRiSt SFe &R T he

degassing tank 20 and the ethylene _
suppl i edjhQaaitieon iW tfbetiheredl eeskhy Fenhlowdtgl E¥HAndIR

separation colum 30 are continuously

(Ref erence Exanple 1) A continuous | ow polynerization reaction

t he

t he hexene separation columm 50 and the

£tdyl gae supply

piping 12a to the reactor 10 by the conpressor 17. From the second supply

pi ping 13s tlte doR@Ovioredepak@pifadm it® y@rit.separated in the hexene
separation colum 50 is continuously supplied to the reactor 10 at a fl ow

rate of

[405l6ijt ers/ hr via the sol vent drum 60 (2 kgf/cn2 nitrogen

[ 0057] Next, an n-heptane solution containing chromum (I11)

2- et hyl hqrafeatceaExampla 3-)di net hyl pyrrole (b) is supplied from
catal yst supply piping 13a at a flow rate of 0.1 liter/hr, and is
conti nuousl y sapgonédnuwushdowd polymerization reaction of ethylene

is carried out in a process having the reactor 10, the
heat exchanger 16, the degassing tank 20, the ethylene
separation column 30, the high boiling separation column
40, the hexene separation column 50 and the solvent drum
60 which stores a circulation solvent, as shown in Fig. 1.

From the first supply piping 12, unreacted ethylene
separated from the degassing tank 20 and the ethylene
separation column 30 are continucusly supplied together
with ethylene freshly supplied from the ethylene supply
piping 1l2a to the reactor 10 by the compressor 17. From
the second supply piping 13, the recovered n-heptane
solvent separated in the hexene separation column 50 is
continuously supplied to the reactor 10 at a flow rate of
40 liters/hr via the solvent drum 60 (2 kgf/cm’ nitrogen
seal) .
[0057}

Next, an n-heptane solution containing chromium
{(I1II) 2-ethylhexanocate (a) and 2,5-dimethylpyrrole (b) is
supplied from the catalyst supply piping l13a at a flow

rate of 0.1 liter/hr, and is continuously supplied to the
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reactor 10 via the second supply piping 13. An n-heptane solution of
triethylalumnum (c) is continuously supplied to the reactor 10 fromthe
third supply piping 14 at a flowrate of 0.03 liter/hr. Furthernore, an

n- hept ane sol ution of hexachl oroethane (d) is continuously supplied to the
reactor 10 fromthe fourth supply piping 15 at a flow rate of 0.02
liter/hr. The solution of each of catal yst conponents is supplied froma
tank (not shown) sealed with nitrogen at 2 kgf/cnR2. The catal yst is

cont i NUOYYAL+4PPL 6 €61 50 thBe e’ su frttfcibiﬁ@tlﬁ he mR! A-heptiageof each
conponent is (a):(b):(c): (d) =1:6:120: he reaction conditions are 120C

and 51 k@d16¥i.or 0&58%r2e5h Yhiauwanah Az)a ISt bnEohubaklgi BEppJeed i S
added to the reaction liquid continuously withdrawn from the reactor 10,

fromthe wicaghéValedctoPply Frmothé athlirda supply apephg0.1@05ati aer/ hr,
and such a reaction liquid is then successively treated in the degassing
tank 20, fillvw ehkyl e V@R aliterghkum B@rthéembirgh ki | nArhepeparat i on
colum 40 and t he hexane separation colum 50. After operation for 720 hours
in thi s praddogsinn ofphexachddireattiane t{d) iisecombihususlipceuppliied react or
10 and the inner wall surface of tubes of the heat exchanger 16 are
col | ect ectd nthmet regetoat iids pfizems. the fourth supply piping 15 at a
flow rate of 0.02 liter/hr.
The solution of each of catalyst components is
supplied from a tank (not shown) sealed with nitrogen at 2
kgf/cm?.
The catalyst is continuously supplied to the reactor
10 such that the molar ratio of each component is
(a):(b):(c):(d)=1:6:120:2. The reaction conditions are
120°C and 51 kgf/cm®.
[o058]
2-Ethylhexanol as a metal solubilizing agent 1is
added to the reaction liquid continuously withdrawn from
the reactor 10, from the deactivator supply piping lla at
a flow rate of 0.005 liter/hr, and such a reaction liquid
is then successively treated in the degassing tank 20, the
ethylene separation column 30, the high boiling separation
column 40 and the hexene separation column 50.
After operation for 720 hours in this process,
deposits adhered to the inner wall surface of the reactor

10 and the inner wall surface of tubes of the heat

exchanger 16 are collected in nitrogen atmosphere.
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(Exanple 1) A 500 ml autoclave dried in a dryer at 150C was

heat i ng,

nor nal

2, 5-di net hyl pyrrol e,

(0. 0831

nor mal hept ane

assenbl ed in

and was vacuum substituted with nitrogen. A catalyst feed pipe
equi pped with a rupture disk was fitted to the autoclave. 200 mM of a

hept ane sol ution containing 23.7 ng (0.249 mmol ) of

569 nmg (4.98 mmol) of triethyl- alum numand 19.7 ng

nmol ) of hexachl oroet hane was charged in the autoclave. 1 m of a

solution containing 20.0 ng (0.0415 nol) of chrom um

(111)-2- epghy, te was charged in the catal yst feed pipe. The autocl ave
was heated to 80C, and ethylene was introduced into the catalyst feed pipe.
After the ruptuyfesdoskmnivaauteRllavad dyidd hiheng deiRssSude. 180hy! g and
chromium (I11)-2-ethyl hexanoate were introduced into the autoclave,
low pol yiesémsie@n idi eidationg Wasnd nNivhbatescuilnh hydhwhet iested niwicdiiced
until pressure in the autoclave reached 35 kgf/en2, and | ow pol ynerization

reacti on mbtregasiuct @d cabalgstuifeed pijse t Bquippeduneitl 35 dupiture,

t her eby

and

the tenperature at 80C. One hour later, ethylene was discharged fromthe
aut ocl avedinkik | erani fit atadngtd heher eatioclaveenpe2di0urml ato£f80&, naxhadt t he
time that the pressure in the autoclave reached normal pressures, the
reacti on heptateppsdlufbencatbntainingaclBofl | mgui d0aR24980@meds wiathdr awn,
and deposits remained in the autoclave 33

2,5-dimethylpyrrole, 569 mg (4.98 mmol) of triethyl-
aluminum and 19.7 mg (0.0831 mmol) of hexachloroethane was
charged in the autoclave. l1 m}@ of a normal heptane
solution containing 20.0 mg (0.0415 mmol) of chromium
(IIT) -2~ethylhexanocate was charged in the catalyst feed
pipe. The autoclave was heated to B0°C, and ethylene was
introduced inte the catalyst feed pipe.

After the rupture disk was ruptured by ethylene
pressure, ethylene and chromium (III)-2-ethylhexancate
were introduced into the autoclave, thereby low
polymerization of ethylene was initiated, Ethylene was
introduced until pressure in the autoclave reached 35
kgf/cmz, and low polymerization reaction was conducted
while maintaining the pressure at 35 kgf/cmf, and the
temperature at 80°C. One hour later, ethylene was
discharged from the autoclave while maintaining the
reaction temperature at 80°C, and at the time that the
pressure in the autoclave reached normal pressures, the
reaction was stopped. Thereafter, a reaction liquid at

80°C was withdrawn, and deposits remained in the autoclave
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were dried with nitrogen. (0059] Next, 300 ml of water was added as a
treating agent, followed by stirring at roomtenperature for 30 m nutes.
Thereafter, solid-liquid separation was conducted, and the deposits

obt ai ned were dried under nitrogen flow overnight, thereby renoving the
treating agent. 0.01 g of the deposits after treatnent was collected, and
charged in a neasurenent cell while maintaining nitrogen atnosphere, and
measurenent with a differential scanning calorineter (DSC) was carried out.

After sybsbi ¥iledd WAt TR RYyd the cell with air in place of nitrogen,
tenperature was el evated at 10C/ mn, and heat generation initiation

t enper at yoeswgs obtai ned. The results are shown in Table 1. (0060]
(Exanples 2 to 4) The same operation as in Exanple 1 was conducted except
for changi ng t Nexttr,ea30onglageiwdter ad raddedoas agetireatbng agentbl e 1. The
results of the heat generation initiation tenperature are shown in Table 1.
( Conpar atfoldokean e &krirnibyamy erdom t bempepatutre Wore Imiminesésd with the
treating agent, and neasured with DSC. The results of the heat generation
i nitiati Theremfdet,urseldrd- lsivpyad | sepeatrtion w8sl conducted, and the
deposits obtained were dried under nitrogen flow overnight,
thereby removing the treating agent.
0.01 g of the deposits after treatment was collected,
and charged in a measurement cell while maintaining
nitrogen atmosphere, and measurement with a differential
scanning calorimeter {DSC) was carried out. After
substituting atmosphere in the cell with air in place of
nitrogen, temperature was elevated at 10°C/min, and heat
generation initiation temperature was obtained.
The results are shown in Table 1.
[0060]
(Examples 2 to 4)
The same operation as in Example 1 was conducted
except for changing the treating agent to the treating
agent shown in Table 1. The results of the heat
generation initiation temperature are shown in Table 1.
(Comparative Example 1)
In Example 1, the deposits were not treated with the
treating agent, and measured with DSC. The results of the

heat generation initiation temperature are shown in Table

1.
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[0061] [Table 1] DSC neasurenent result Treating agent Heat generation
initiation tenperature (C) 1 Water 204 2 1 wt % 2-et hyl hexanol/ 167

n- hept ane sol uti on Exanple 1 wt % 2-et hyl hexanoic acid/ 3 188 n-heptane
solution 1 wm%diethylam ne/ 4 159 n-heptane solution Conparative 1

n- Hept ane 85 Exanple [0062] It is seen fromthe results shown in Table 1
that in the case that the treating agent contains the electron donative
conpound (Exanples 1 to 4), the heat generation initiation tenperature is
hi gh, ang 0§3§F|I|ty inair is inproved. On the other hand, it is seen that
in the case hat the deposit is not treated with the treating agent
contai ni pgabile e} ectron donative conpound (Conparative

DSC measurement
rasult
Treating agent Heat generation

initiation

temperature (°C)

1 | Water 204
1 wt% 2-ethylhexanol/
2 167
n-heptane solution
Example 1 wt% 2-ethylhexanoic acid/

3 188
n-heptane solution .

1 wt% diethylamine/
4 159
n-heptane solution

Comparative

1 | n-Heptane 85
Example

[0062]

It is seen from the results shown in Table 1 that in
the case that the treating agent contains the electron
donative compound (Examples 1 to 4), the heat generation
initiation temperature is high, and stability in air is
improved. On the other hand, it is seen that in the case
that the deposit is not treated with the treating agent
containing the electron donative compound (Comparative
Example 1), the heat generation initiation temperature is
low, which is dangerous. In other words, because the
deposits obtained in Reference Example 1 and the deposits
obtained in the Examples are the deposits having the same

composition, the same effect as in the Examples can be
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Exanple 1), the heat generation initiation tenperature is |low, which is
dangerous. In other words, because the deposits obtained in Reference
Exanple 1 and the deposits obtained in the Exanples are the deposits having
the sane conposition, the sane effect as in the Exanples can be 35
expected in the deposit obtained in the Reference Exanple 1. [0063]
Therefore, it is apparent that after 1-hexene as a |ow polyner of ethylene
was produced by a continuous reaction systemin the presence of a chrom um

series d&g%@éé/é& fn %ﬂgv\nae#,g_sl,?ﬁ;f %bﬁ%&%ﬁai@' £hé- rAEdraACE! e donative

conpoun a sol ution containing el ectron donative conpound is then
suppliedgto the reactor 10 and the heat exchanger 16, deposits in the
reactor 10 and the heat exchanger 16 can be deactivated. Furthernore, even
t hough tpgogppctor and/or the heat exchanger are opened for maintenance
and/ or inspection, thereby exposing the inside thereof to air outside the

reaction syst efhefdfordlepoti tis dgppfert®TBHAt, aFtdrt hB-HE@keenaBcq and/ or
i nspection can safely be carried out. Wiile the invention has been descri bed

i n det ailowngpoWnidy I &ifer ethglenet hRaspestddGce€dbasly mant ontdnaidus it Wl |
be apparent to one skilled in the art that various changes and
nodi f i catemdtSicmn fHisstae imhethien prébente depard i rthdondmn heexdias t and
scope thereof.
catalyst as shown in Reference Example 1, and an electron
donative compound or a sclution containing the electron
donative compound is then supplied to the reactor 10 and
the heat exchanger 16, deposits in the reactor 10 and the
heat exchanger 16 can be deactivated. Furthermore, even
though the reactor and/or the heat exchanger are opened
for maintenance and/or inspection, thereby exposing the
inside thereof to air outside the reaction system, the
deposits do not combust, and the maintenance and/or
inspection can safely be carried out.

While the invention has been described in detail and
with reference to the specific embodiments therecf, it
will be apparent to one skilled in the art that various
changes and modifications can be made therein without
departing from the spirit and scope thereof.

This application is based on Japanese Patent
Application (Patent Application No. 2006-354735) filed
December 28, 2006, the entire contents thereof being

hereby incorporated by reference.

Industrial Applicability
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This application is based on Japanese Patent Application (Patent
Application No. 2006-354735) filed Decenber 28, 2006, the entire contents

t hereof being hereby incorporated by reference. Industrial Applicability 36
[ 0064] According to the present invention, deposits in a production process
of an a-olefin |ow polynmer are deactivated. Therefore, the industrial value
of the present invention is remarkable. 37 CLAIMS 1. A deposit
deactivation treatnment nethod which treats deposits accunulated in the

i nsi de of[ gehgact or and/or in the inside of a heat exchanger for renoving
reaction %eat in the reactor in producing a |low polyner of an a-olefin by a
continuous reaglbLgPasugt &B | Bhd Fekit $HPBhEEEN! O ddjSod£O6TQh iD the
presence of a chromum series catalyst, characterized’in that: after

st oppi NgpPRahatish OprdiesIUi PFENhn(r RAUIIFimNdigy heahyierhanged), the
deposits and an el ectron donative conpound (provided that the chrom um
series gahatyehtBACSENIThErdf®rd CACEKY AnddetidE Ofal e &F OCklkdion is
excluded) are contacted. 2. The deposit deactivation treatnent nethod as
clai med ppegseAtmiavenikabactisr réfdrkabllat the el ectron
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donative compound is a conpound having an active nethylene group or
functional group represented by the followng general formula in it

chem cal

H represents hydrogen.)

cl ai ned
at | east
am nes,

formula: [Chem 1] -X-H (wherein X represents a hetero at

a
S
om and

3. The deposit deactivation treatnent nethod as

in claiml, characterized in that the electron donative conpound is

one selected fromwater, alcohols, phenols, carboxylic aci
anmoni a and 38 acetyl acetone. 4. The deposit deactivation t

ds,
r eat nent

method as claimed in claim1, charagiagiszed in that the electron donative
conmpound i s dissolved in a hydrocarbon conpound. 5. The deposit

deactivation t{eatArerfegdyitoddeacti?da®ién Ntebatheht CHetR6d ervilzEsh i n t hat
the chromum series catalyst is constituted of a conbination of a

conpoundttéats UdPddOGSNacednd@laked copahed {R3idéndfna reactor

al um num cont ai ni ng conpound (c).

chronm um

6. The deposit deactivation treatnent

met hod asndgési Mgt ithec| fheide Fr actlpsa edxchamy@ir t Borchremduling seri es
is constituted of a conbination of at |east a chrom um conpound
(a), a nréaocttoncheati hnngthec@spetnt (ih) progiucilngria)drew @dlamemngp£onpound

cat al yst

(c) and

a hal ogen-cont ai ni ng conpound (d).
an a-olefin by a continuous reaction system in a solvent

supplied to the reactor in the presence of a chromium
series catalyst, characterized in that:

after stopping operation of the equipment (reactor
and/or heat exchanger), the deposits and an electron
donative c:ompouﬁd (provided that the chromium series
catalyst present in the reactor at the time of the
production is excluded) are contacted.

2., The deposit deactivation treatment method as
claimed in claim 1, characterized in that the electron
donative compound is a compound having an active methylene
group or a functional group represented by the following
general formula in its chemical formula:

[Chem. 11}

-X-H
(wherein X represents a hetero atom, and H represents
hydrogen.)

3. The deposit deactivation treatment method as
c¢laimed in claim 1, characterized in that the electron
donative compound is at least one selected from water,

alcohols, phenols, carboxylic acids, amines, ammonia and
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7. The deposit deactivation treatnent nethod as clained in claiml,
characterized in that the a-olefin is ethylene. 39

acetylacetone.

4. The deposit deactivation treatment method as
claimed in claim 1, characterized in that the electron
donative compound is dissolved in a hydrocarbon compound.

5. The deposit deactivation treatment method as
claimed in c¢laim 1, characterized in that the chromium
series catalyst is constituted of a combination of a
chromium compound (a), a nitrogen-containing compound (b)
and an aluminum-containing compound (c).

6. The deposit deactivation treatment method as
claimed in claim 1, characterized in that the chromium
series catalyst is constituted of a combination of at
least a chromium compound (a), a nitrogen-containing
compound (b), an aluminum-containing compound (c) and a
halogen-containing compound (d).

7. The deposit deactivation treatment method as
claimed in claim 1, characterized in that the a-olefin is

ethylene.

39



