SPECIFICATION NON-CONJUGATED CYCLIC DIENE, NON-CONJUGATED CYCLIC DIENE
COMPOSITION AND METHOD OF PRODUCING POLYMER BASED ON NON-CONJUGATED
CYCLIC DIENE BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to a non-conjugated cyclic diene, a non-conjugated cyclic diene composition and a method of
producing a polymer based on non-conjugated cyclic diene. 2. Description of the Related Art
Polymers based on non-conjugated cyclic diene such as ethylene/propylene/ethylidene norbornene
copolymers are those which are vulcanizable, are superior in weatherability, heat resistance and
ozone resistance and are used for automobif Bduisttdiperts, industrial rubber products, insulating

materials, civil and construction materials and_rubber proc gummed.clothes.and also
widely used RPatenaIE 6 THe b%%lIéﬁg\/itRIp%&?its&%@?%é&%%%ggylene a%% p%ystyrene. In the
case of manyfaciurng-sush aRglvier Rasee #n- Rersenivgatest evelie dignszthers is the case where
polymerization activity is low though this depends on manufacturing conditions such as catalysts.
Therefore it hasybeer deskedno degelpp aaetid of producing a polymer based on non-conj ugated

cyclic diene at a high degree of polymerization activity. Under this situation, the applicant of this case
has 1 proposed a method using norbornene or its derivative which are

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a non-conjugated cyclic
diene, a non-conjugated cyclic diene composition and a method
of producing a polymer based on non-conjugated cyclic diene.
2. Description of the Related Art

Polymers based on non-conjugated cyclic diene such as
ethyiene/propylene/@thylidenfanorborn@ne<:opolymers.are those
which are vulcanizable, are superior in weatherability, heat
resistance and ozone resistance and are used for automebile
industrial parts, industriél rubber products, insulating
materials, civil and constructionmaterials and rubber products
such as gummed clothes and also widely used for materials to
beblendedwithplastics suchasapolypropylene andpolystyrene.
In the case of manufacturing such a polymer based on
non—-conjugated cyclic diene, there is the case where
polymerization activity is low though this depends on
manufacturing conditions such as catalysts. Therefore it has
been desired to.develop a method of producing a polymer based
onnon—mnﬁugatedcyclicdieneatahighdegxeeofpolymeriz&thxl
activity.

Under this situation, the applicant of this case has



! brought into contact with alumina or norbornene or its derivative which are brought into contact with

#/ an aqueous alkali as a raw monomer when manufacturing a polymer based on non-conjugated cyclic
diene by using a metallocene type catalyst (see JP-A No. 2000-204120). A refining method is
proposed in which when dicyclopentadiene is used in reaction-injection molding, it is brought into
contact with an alkali material, followed by washing with water and dewatering (see JP-A No.
01-096410) However, in the method described there, a polymer cannot be obtained at a high degree
of activity when polymerizing or copolymerizing anon-conjugated cyclic diene by using a specific
catalyst systeRT S&ithess & RetaiRieehe §PerRRYSL TH iRTehtorsIGRE Présentinlentienhave

made further studie%, and as a re;_ult, fouq:qlth'ilt a sgecific comﬂoonent contal__neg in_a non-conjugated
o . oug tlntoc%n actwitha 1 %qr?or ornenForl S geriva lV% :
cyclic diene mk?ﬁblts polymérization when a spéecific catalyst componént such as an~organic aluminum

- OXy compoungRnEfpr-ionizing, Qe COMROUNGh issused 1o ROVMEHZR 01 CORRYMENIZ8:8, raw
non-conjugated cyclic diene, and when a non-conjugated cyclic diene reduced in the amount of that
component todowemthanwa spetific et isiusedy  thecadtvity ofipobade izatamissignificanthd
increased in the polymerization and copolymerization of the non-conjugated cyclic diene by using a
specific catalysY Eompshett 8dntaliiig AR St§aAt BaaR R Es E@r‘]ﬁﬁgéﬁﬁ& artiSr foniZintPionic

- compound, to,gomplete i%ﬁ)r_esent invention. 2 The inventors have also found that when using a

A refining method is proposed in which whean
dicyclopeﬁtadiene is used in reaction-injection molding, it is
brought into contactwithanalkalimaterial, followedbywashing
with water and dewatering {see JP-A No. 01-096410). However,.
in the method described there, a polymer cannot be obtained at
a high degree of activity when polymerizing‘oi copolymerizing
anon%conjugatedcyclicdienébyusingaspecificcatalystsystem
-such as a metallocene type catalyst.

The.inventors of the present invention have made further
studies, and as a result, found that a specific component
contained in a non-conjugated cyclic diene inhibits
polymerization when a specific catalyst component such as an
organic aluminum oxy compound and/or ionizing ionic compound
is used to poljmeriz@ or copolymerize a non-conjugated cyclic
diene, and when a non-conijugated cyclic diene reduced in the
amount of that component to lower than a specific level is used,
the activity of polymerization is significantly increased in
the polymerization and copolymerization of the non—-conjugated
cyclic diene by using a specific catalyst component containing
anorganic aluminumoxy compound and/or ionizing ionic compound,

to complete the present invention.



non-conjugated cyclic diene obtained by a specific method in which a crude non-conjugated cyclic
diene is brought into contact with an alkali and then a low-boiling point fraction and/or a high-boiling
point fraction are removed, the activity of polymerization is significantly increased in the
polymerization and copolymerization of the non-conj ugated cyclic diene by using a specific catalyst
component containing, for example, an organic aluminum oxy compound and/or ionizing ionic
compound, to complete the present invention. SUMMARY OF THE INVENTION It is an object of the
present invention to provide a non-conjugated cyclic diene enabling the production of a polymer
based on non-conjugatéd EpeiRNdiene at aviglt degrecompoliielizaii astRAgIARother object of
the present invention is to pr%gti)de arﬁlon-c njugated cyclic d'ege coméoogitiogliwhichcoﬁg%blgg the

production of & PofyHer5Eset orif hon-conf tghted V& tiens 4t & HigiT Gagree SFpolymerization
activity and Das bigh preserving stabiliy. 4 further, abiect of the. present Jpyeniinn dslgrauide a

method of producing a polymer based on non-conj ugated cyclic diene at a high degree of
polymerization wctivity aiheriusingd shecifie catalykicsystemy Astilkfurther object ciithe present
invention is to provide a method of producing a polymer based on non-conjugated cyclic diene at a
high degree o¥@otRdrationieiinty Whhtishty aspesifidedtiyst 8)steAr Bl di¥o afa high
degree of polymerization activlly even aftet 3 e, 1grsconiugated ol disns i storegier g-ong
period of tinre: :

and copolymerization cf thenon-conjugated cyclicdiene by using
aspecificcatalystcomponentcontaining,forexample,anorganic
aluminumoxy compoundand/or icnizing ionic compound, tocomplete

the present invention.

SUMMARY OF THE INVENTICON

It is an obiect of the present invention to provide a
non-conjugated cyclicdiene enabling the production of a polymer
based on non-conjugated cyclic diene at a high degree of
polymerization activity. Another object of the present
inventionistoprovideanon-conjugatedcyclicdiene composition
whichenablestheproducthmzofapolymerbasedonnonmconjugated
cyclic diene at a high degree of polymerization activity and
has high preserving stability. A further object of the present
invention is to provide a method of producing a polymer based
onnon-conjugatedcyclicdiene at ahighdegreeof polymerization
activity when usinga specific catalyst system. A still further
objectof thepresent inventionistoprovideamethodof precducing
a polymer based on non-conjugated cyclic diene at a high degree
of polymerizationactivitywhenusinga specificcatalyst system

and also at a high degree of polymerization activity even after



Accordingly, the present invention provides a non- conjugated cyclic diene characterized in that it
satisfies at least one of the following (1) and (2); (1) it contains a compound (A) having a
seven-membered cyclic triene hydrocarbon structure in such an amount that the ratio Wa/Wbd) of the
weight (Wa) of the compound (A) to the weight(Wd} of a non-conjugated cyclic diene selected from

the groupronsisting ©f bicystal2. 21 hept-2gne.derivatives, haying.an alkylidenegreupangbicyclo
[2.2.1]hept-2-ene derivatives having an alkyl group is 0 or more and 5 x 10-6 or less; and (2) it
contains &igshjugated polyene compound (B) having an eight-membered bicyclic hydrocarbon

structure in sucg an, ggwrllmi that thterlreatio \l/rvebé\é@g of the Wei%@;lto Q/Vb) of the compound BI)] to the

weight (Wd) of a non-cothL?ganéd cyclic diene selected from the group%b%gfé%ﬁs of gicyc o

[2.2.1]hepbR-pne:=derivatives having analkylidene geotprand bicyelnd2.2illhept2-ene glerivatives
having an alkyl group is 0 or more and 30 x 10-6 or less. Also, the present invention provides a
non-conjt§atet eydiciend BormpositithEamprisirig the ‘@blove non-conjugated cyclic diene and an

antioxida_mt. The(Er)e_se@.tcin%@gig{gviges&ﬂﬁg&gh gf plrggyﬁi@g a pgm%r__g@@ge% d
non-conjugated cyclic diene comprising supplying the above non-conjugated cyclic diene to the
polymerizatiohiar copotyimerization aising-an olefinc 4 polymerization catalystcontainingrartagganic
alumimum oxy ‘
ratio Wa/Wbhd) of the weight (Wa} of the compound (A} to the
welght (Wd} of a non-conjugated cyclic dienes selected from the
group censisting of bicycle [2.2.1]lhept-Z2-ene derivatives
having an alkylidene group and bicyclo [2.Z2.]1]hept-Z-ene
derivatives having an alkyl group is 0 or more and 5 x 107° or
less; and
{29 it contains a conjugated polyene compound (B) having
an eight-membered bicyclic hydrocarbon structure in such an
amount that the ratic (Wb/Wd) of +the weight (Wh) of the
compound (B} to the weight (Wd) o©f a non-conjugated cyclic
diene selected from the group consisting of bicyclo
[2.2.]1]lhept-Z-ene derivatives having an alkylidene group and
bicyclo [Z2.2.1]hept-Z-ene derivatives having an alkyl group is

0 or more and 30 x 107° or less.

Also, the present invention provides a non-conjugated
cyclic diene composition comprising the above non-conijugated
cyclic diene and an antioxidant.

The present invention provides a first method of
producing a polymer based on non-conjugated cyciic diene
comprising supplying the above non-coniugated cyclic diene to

the polymerization or copolymerization using an olefin



compound and/or an ionizing ionic compound. The present invention also provides a second method
of producing a polymer based on non-conjugated cyclic diene comprising supplying the above
non-conjugated cyclic diene 4a composition to the polymerization or copolymerization using an olefin
polymerization catalyst containing an organic aluminum oxy compound and/or an ionizing ionic
compourgioil' eDEE? %t :ﬂg\éentéoar)c%@o &rovigeg @at:[l}ygnmethg{g of proadnu.cgi:ng 319_% mer baged on
non-conjugated cyclic diene comprié%g sup;ﬁymg a‘nor?—conjuga?é“gcyélc diene Which is “Obtained by
bringing a cride:nen-sodjugatechcyiclic tieneyinte rcontacinyith.arialkali and then removing at least a
part of a low-bailing point fraction and at least a part of a high-boiling point fraction to the
polymerization orcop&lyATEF atioh U<iHg %ol@fﬁ?ﬁolﬁﬁ@rﬁeﬁ%ﬁ catalyScottaififg i ordanic
aluminurm, ,oxy, corpound apd/or,ap.lonizing.Jgnic gompaund. The present inyention.aisg prguides a
fourth method of producing a polymer based on non-conjugatedcyclic diene tomprising supplying a
non-conjugated tyclicydieneconmpasitiore cehtaiming @narodnjggated cygetic diengiwhieh is obtained
by bringing a crude non-conjugated cyclic diene into contact with an alkali and then removing at least
a part of a low-boiling point fraction and at least apart of a high-boilingpoint fraction and an
antioxidant to the polymerization or copolymerization using an olefin polymerization catalyst
containing an organic aluminum oxy compound and/or an ionizing ionic compound. A polymer based
on non-conjugated cyclic diene may be

4a



produced at a high degree of polymerization activity by polymerizing or copolymerizing the
non-conjugated cyclic diene of the present invention by using an olefin polymerization catalyst. Also,
the non-conjugated cyclic diene composition 5 of the present invention enables a non-conjugated
cyclic diene polymer to be produced at a high degree of polymerization activity and also has high
preserving stability. According to the first method of the present invention for producing a polymer
based on non-conjugated cyclic diene, a polymer based on non-conjugated cyclic diene is obtained at
a high degree of polymerization activity. According to the second method of the present invention for
producing a poiynTes based & idrechpjtigatsde@dicdiens, @ polyiier baséd bAthsh-conjadated
cyclic diene is obtained at a high degree of %ol merization activi'%/ and also, the noT-con'u ated cyclic

diene exhibitS Heiigh BEgrERT FavmaRzZafGR Reavity T e Chsa bl Solymerizing it AHer IS stored
for a long period of time. Acsotding 1 the third method of the preseapipygation for producing a

polymer based 0n non-conjugated cyclic diene, a polymer based on non-conjugated cyclic diene is
obtained at a high degreeafqadymerizationtactivity LAlsopthevdask=ef thechamdonpigated cyclic diene
is reduced in a series of treatments before the cyclic diene is polymerized, showing the method to be
highly econoRtisal2Aéaardingoetiagsur? fARih6d of iy Fress RGAVEtioRY foriftolaEh§ a polymer

based on no%_gggjyggi%%c)é%&gp%%q(?’ig a non-conjugated cyclic diene which is

obtained by bringing a crude non-conjugated cyclic diene into

contact with an alkéli and then removing at least a part of a

low-boiling point fraction and at least a part of a high-boiling

point fraction to the polymerization or copolymerizaticn using

anolefin polymerization catalystcontaininganorganic al.umi_num
- oxy compound and/or an ionizing ionic compound.

The ﬁresent invention also provides a fourth method of
producﬁing a polymer based on non-conjugated cyclic diene
comprising supplying a non-conjugated cyclic diene composition
containing a non-conjugated cyclic diene which is obtained by
bringing a crude non-conjugated cyclic diene into contact with
an alkali and then remdving at least a part ¢f a low-boiling
point fractionandatleastapartcia higk{—boiling point fraction
and an antioxidant tc the polymerization or copolymeﬁ:ization
using an clefin polymerization catalyst containing an organic
aluminum oxy compound and/or an ionizing icnic compound.

A polymer based on non-conjugated cyclic diene may be
produced at a high degree of polymerization activity by
polymerizing of copolymerizing the non—-conjugated cyclic diene
of the present invention by using an clefin polymerization

catalyst. Also, the non-conjugated cyclic diene compositicn



a polymer based on non-conjugated cyclic diene is obtained at a high degree of polymerization
activity and also, the non-conjugated cyclic diene exhibits a high degree of polymerization activity in
the case of polymerizing it after 6 it is stored for a long period of time. DETAILED DESCRIPTION OF
THE INVENTION A non-conjugated cyclic diene, a hon-conjugated cyclic diene composition and a
method of producing a polymer based on non-conjugated cyclic diene according to the present
invention will be hereinafter explained in detail. (Non-conjugated cyclic diene) The non-conjugated
cyclic diene of the present invention is a cyclic compound having two unsatlé{rateda%ongf This

non-conjugat&d cyRfcREETER pretdiaBly s RyarecarBan colBoiE Hat g oréréranhy {6°96 carbon
atoms and m%r@z@rﬁéegaé%@ gedacahonagm 2%%@&%9&@-599@9%@%@99@6 of the

present invention may include, though not particu ted to, bicyclo[2.2.1]hept-2-ene derivatives
having an allydidene groupasuciias Srethdilenehicyslod2: 2 1kept-2-ene(5-ethylidene-2-norborn
ene), 5-ethylidene-6-methylbicyclo[2.2.1]hept-2-ene, 5-ethylidene-6-ethylbicyclo[2.2.]]hept-2-ene,
5-ethylidene-6-isopropyBieyeloT2 Agh&pte2-bhs s H-Byidch&b-FGIbRS R D. B 2 icte,

5-n-propylidenebicyclo[2.2.1]hept-2-ene, 5-n-propylidene-6-methylbicyclo[2.2.1]hept-2-ene
5-'n-propy|ideﬁg-%-é%%%qu%$g[2§2H_ é/ﬁ‘%_ -en%,sg& on non ‘cor}/ju at-\,gl cyl:kELPc diend,

a polymer based on non-conjugated cyclic diene is cbtalned at
a high degree ¢f polymerization activity.
According to the second method of the present invention
} for producing.a polymer based on non-conjugated cyciic diene,
a polymer based on non-conjugated cyclié dilene is obtained at
a high degree of polymerization activity and also, the
non—conjugated cyclic diene exhibits a high degree of
polymerization activity in the case of polymerizing it after
it ‘is stored for a long periocd of time.

According to the third method of the present invention
for producing a pelymer based on non-conjugated cyclic diene,
a polymer based on non-conjugated cyclic diene is obtained at
a high degree of polymerization activity. Also, the loss of
the non-conjugated cyclic diene is reduced in a series of
treatmenﬁs before the cyclic diene is polymerized, showing the
method to be highly economical.

According to the fourth method of the present invention
for producing a polymer based on non~conjugated cyclic diene,
a polymer based on non-~conjugated cyclic diene is obtained at
a high degree of polymerization activity and also, the
nonwconjugated cyclic diene exhibits a high degree of

polymerization activity in the case of polymerizing it after



5-n-propylidene-6-isopropylbicyclo[2.2.1]hept-2-ene, 5-n-propylidene-6-butylbicyclo[2.2.1]hept-2-ene,
5-isopropylidenebicyclo[2.2.1]hept-2-ene, 7 5-isopropylidene-6-methylbicyclo[2.2.1]hept-2-ene,
5-isopropylidene-6-ethylbicyclo[2.2.1]hept-2-ene, 5-isopropylidene-6-isopropylbicyclo[2.2.1]hept-2-ene
and 5-isopropylidene-6-butylbicyclo[2.2.11hept-2-ene; bicyclo[2.2.]]hept-2-ene derivatives having an

- alkenyl group such as 5-ethenylbicyclo[2.2.1]hept-2-ene(5-vinyl-2-norbornene),
5-propenylbicyclo[2.2.1]hept-2-ene and 5-butenylbicyclo[2.2.1]hept-2-ene; dicyclopentadiene and
cyclooctadiene. Among these groups, bicyclo [2.2. 1] hept-2-ene derivatives having an alkylidene
group and bieyclbR. 2 1jFest- Lerie alekivatvarciadfy af alkeR§t group are preferable and
5-ethylidene-2-norbornene and 5-vinyl-2-norbornene are most preferable. In the present invention, the
compound (A) having a seven-membered cyclic.triene hydrocarbon structure is preferably a

compound having a cycloalkgiriene stuethee- inratrlagst apattihergeftherghno particular limitation is

imposed on it and 1, 3, 5-cycloheptatriene and the likemay be exemplified. That the non-conjugated
cyclic diene containssuchra-compaund dtaving aisevehemembered cydiertiiege hgdracardre structure
may be confirmed, for example, by subjecting the non-conjugated cyclic diene to GC-MS analysis

(Gas Chrom&t6§RPIHPMBRS ‘Specrrariatd BRAYSIK) 36 deteifiine Tt StRSluBF daehed on

non~conjugated cyclic diene according to the present invention
will be hereinafter explained in detail.
(Non-conjugated cyclic diene)

The non-conjugated cyclic diene of the present invention
is a cyclic compound having two unsaturated bonds. This
_nonwconjugatedcyclicdieneispreferablyahydrocarboncompound
having preferably 6 to 20 carbon atoms and moré“preferabiy )
to 12 carbon atoms. Examples of the non-conjugated cyclic diene
of the present invention may include, though not particularly
limited to, bicyclo[2‘2.l]hept—2—ene derivatives having an
alkylidene group such as
5-ethylidenebicyclo{2.2.1llhept-2—-ene (5-ethylidene-Z2-norborn
ene), 5-ethylidene-6-methylbicycloiZ2.2.1]lhept-2-ene,
5-ethylidene~6~ethylblcyclo[2.2.1lhept-2~ene,
5-ethylidene-6-isopropylbicyclo{2.2.1]hept-2~ene,
S5«ethylidene-6~butylblcyclo{Z2.2.1]hept-2-ene,
5-n-propylidenebicyclo[2.2.1l]hept~-2—~ene,
5~n-propylidene~6-methylbicyclo[2.2.1]hept-2-ene,
5-n-propylidene-6-ethylbicyclo[2.Z2.1l]hept-2-ene,
S5-n-propylidene~6-iscopropylbicyclo[Z2.2.1]lhept-2-ene,
5-n-propylidene~-6-butylbicyclo[2.2.1]lhept~2~ene, |

S5-isopropylidenebicyclo{2.2.1llhept-2-ene,



component to be contained. For example, 1,3, 5-cycloheptatriene has a retention time longer than
hexane and shorter than 5-ethylidene-2-norbornene in GLC analysis (gas/liquid 8 chromatographic
analysis) using a non-polar column. Then, the structures can be identified when the ratio of the
intensities of a mass spectrum in an EI method shows the value described in the following table.
Table 1 Mass spectrum 91 39 65 51 Relative ratio 1000 328 32 164 16 146 14 Also, the conjugated
polyene compound (B) having an eight-membered bicyclic hydrocarbon structure means a compound
having, in at least a part thereof, a structure in which the ring is constituted of eight atoms and these

eight atoms fotimsS RBE ARINGIE ARG TRITHBEBIELHGEY $he ComfpothdeHavingsifch a structure are
preferably, theugh_not particularly limited ompounds having.a structyre such as bicyclooctene or
%%soap.ﬂ% miﬁ%%ﬁméi eF‘R ()f?'%he cﬁ.‘oj]?.‘é. C?g%egém% BRE

bicyclooctadiene in apartthereof. Example 4E¢6 pounds m

2-ethylidene-bicycieh3-2)-octdrene Thatthe en-cenjugated cyclic dispe contaips sueh a

conjugated polyene compound having an eight-membered bicyclic hydrocarbon structure may be

confirmed, forsexample cpy $dbjenting the ohedorjugatdd cyclitldiend t@ GEW®AS analysis (Gas

- Chromatographic Mass Spectrometry analysis) to determine the structure of each component to be
contained. FoP exmpfel 2-2thiylidERE Ty e (S0 bRk3vere RAY A t8tértich-hRBYIbriger tan
5-ethylidene-25-Lq8H)o&§gene and shorter than normal

5-ethenylbicycloiZ2.2.1l]hept-2-ene (5-vinyl-Z-norbornene) ,
S5~propenylbilcycic[2.2.1]hept—-2~ene and
5-butenylbicyclc[2.2.1]hept—-2-ene; dicyclopentadiene and
cyclooctadiene. Among these groups, bicyclo(2.2.1lhept~Z—-ene
derivatives having an alkylidene group and
bicyclo[2.2.1}hept-2-ene derivatives having an alkenyl group
are preferable and 5-ethylidene-Z-norbornene and
5-vinyl~2-norbornene are most preferable.

In the present invention, the compound (A) having a
.sévenﬁmembered cyelic triene hydrocarbon structu:e is
preferably a compound having a cycloalkatriene structure in at
leasteapartthereofthoughru:paﬁticularlimitationj&;imposed
onitahdl,3,5—cycleheptatrieneandthelikemaybeexemplified.
That the ﬁonwconjugated cyclic diene containsg such a compound
having a seven—-membered cyclic triene hydrocarbon structure may
be confirmed, for example, by subjecting the non-conjugated
cyclic diene to GC-MS analysis (Gas Chromatography Mass
Spectrometry analysis) to determine the structure of each
componenﬁtob@contained. For@xample,l,3,5~cycloh@ptatrien@
has a retention time longer than hexans and shorter than

5-athylidene-2-norbornene in GLC analysis (gas/liguid



decane in GLC analysis (gas/liquid chromatographic analysis) 9 using anon-polar column. Then, the
structures canbeidentified when the ratio of the intensities of a mass spectrum in an EI method shows
the value described in the following table. Table 2 Mass spectrum 80 27 119 1 41 91 134 Relative
ratio 1000 709 70 321 32 294 29 294 29 294 29 In this case, DB-I (trade name, manufactured by
J&W Scientific Inc.) may be used as the non-polar column. Also, Wa/Wd, Wb/Wd and the like in the
present invention are found as the peak area ratios of FID-GLC. The non-conjugated cyclic diene of
the present invention is characterized in that it satisfies at least one of the following (1) and (2)
(hereinafter reffiereed t6 a5 ROA cGijagateddydlielaigrie 1O (DAt édntirAs & eomp (AFBaving a
seven-membered cyclic triene hydrocarbon structure in syuch an amou at the _ratio (Wa/Wd) of the
weight (Wa) SFﬁ%C&%‘}ﬁﬁguﬁa?A%o]éS%@i ﬁteff/\?’ ot a%%ﬁgni%%fuoggt%td%%%lilénd}gﬁles i50 6r more and
5 X 10-6 or lpss,preferably,Q or mare;and jessthan Br6 40-6ndmare: preferably 0L mere.and 4 X
10-6 or less and most preferably 0 or more and 3 x 10-6 or less; and (2) it contains a conjugated
polyene compaund £B¥baving ia eigii-raembered bicyclic hydrocarbon structure in such an amount
that the ratio (Wb/Wd) of the weight (Wb) of the compound (B) to the weight (Wd) of a non-conjugated
cyclic diene i5&@r1® 1 |

Mass spectrum 91 39 65 51
Relative ratio 1000 | 328132 164+ 16 146 £ 14

Alsc, the conjugated polyene compeound (B) having an
eight-membered bicyclic hydrocarbon structure means a compound
having, in at least a part thereof, a structure in which the
ring is constituted of eight atoms and these eight atoms forms
not 2 single ring but double rings. The compounds having such
a structure are preferably, though not particularly limited to,
compounds having a structure such as bicyclooctene or
bicyclooctadiene inapart therecf. Examplesof these compounds
may include 2-ethylidene-bicyclo-[3.2.1]-oct-3~ene. That the
non-conjugated cyclic diene contains such a conjugated polyene
compound having an eight-membered bicyclic hydrocarbon
structure may be confirmed, fo.r example, by subjecting the
non-conjugated cyclic diene to GC-MS anaiysis (Gas
Chromatographic Mass Spectrometry analysis) to determine the
structure of each component to be contained. For example,
2-ethylidene-bicyclo—-[3.2.1]-oct—3~-ene has a retention time
longer than 5~ethylidene-2-norbornene and shorter than normal

‘decane in GLC analysis (gas/liguid chromatographic analysis)



or more and 30 x 10-6 or less, preferably O or more and less than 30 x 10-6, more preferably O or
more and 25 X 10-6 or less and most preferably O or more and 20 X 10-6 or less. Accordingly, the
non-conjugated cyclic diene of the present invention may satisfy only (1) or (2) or the both. The
above Wa/Wd and Wb/Wd can be found by GLC analysis. (Method of producing the non-conjugated
- cyclic diene) The aforementioned non-conjugated cyclic diene (non-conjugated cyclic diene 1)
according to the present invention may be obtained by bringing a non-conjugated cyclic diene
(hereinafter referred to as "untreated non-conjugated cyclic diene" if necessary) which satisfies the

following (3) BAATA)HRB EAPAG AR H Bkali TToF Bx MBI “aNE tHErPEy - &B T atity dnid réifioving at
least one of 8 Jouboling Lp&fltof@%t'%?l%ngnaéé_%%ﬁt@f@s%af highshailing point fraetion withzdistillation
operation; (3) it contains a compound (A) having a seven-membered cyclic triene hydrocarbon
structure in sygh-as @mosi shatrthe vratio {\WadW) ofdbae weighiéWe) of the agmpaiind (A) to the
weight (Wd) of a non-conjugated cyclic polyene exceeds 5 X 10-6 , for example, in an amount
ranging from 18iXL£0-% to 200 X 10-6; and (4) it contains a conjugated polyene compound (B) having
an eight-membered bicyclic hydrocarbon structure in such an amount that the ratio (Wb/Wd) of the
weight (Wb) of the compound (B) to-the-weight (M d)-of a-non-conjugated-cyelic-polyene exceeds 30 x
10-6, for exariYsis siegi@mourttangingfom 35 X ¥0-6 to_4tb x 10-6 %1 13
Relative ratio 1000 | 709+£70 | 321+32 | 29429  204+29 | 294+ 29

In this case, DB-1 {(trade name, manufactured by J&W
Scientific Inc.) may be used as the non-polar column.

Also, Wa/Wd, Wb/Wd and the like in the present invention
are found as the peak area ratios of FID~GLC.

The non—-conjugated cyclic diene of the present invention
ischaracterizedinthatitsatisfiesatleastconeofthefollowing
(1) and (2) (hereinafter refereed to as "non-conjugated cyclic |
diene 17} ;

(1) it contains a compound (A) having a seven-membered
cyclic triene hydrocarbonl structure in such an amount that the
ratio {(Wa/Wd) of the weight {Wa) of the compound (&) to the weight
(Wd) of é non-conijugated cyclic diene is 0 or more an-d 5 x 107"
or less, preferably 0 or more .and less than 5 X 107° , more
preferably 0 or more and 4 X 107° or less and most preferably
0 or more and 3 X 107° or less; and

(2y it contains a conjugated polyene compound (B) having
an eight-membered bicyclic hydrocarbon structure in such an
amount that the ratio (Wbh/Wd) ¢f the weight (Wh) of the compound

(B) to the weight (Wd) of a non-conjugated cyclic diene is O
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As a non-conjugated cyclic diene satisfying the above (3) or (4) , for example, commercially available
products can be obtained in usual. (Alkali-contact treatment) Before the non-conjugated cyclic diene
according to the present invention is produced, for example, alkali contact treatment is first carried
out in which a non-conjugated cyclic diene (untreated non-conjugated cyclic diene) which satisfy the
above (3) or (4) is brought into contact with an alkali. Examples of the alkali used in the contact
treatment with the above crude non-conj ugated cyclic diene include aqueous NaOH, aqueous KOH
and aqueous ammonia. The concentration of each of these aqueous alkalis is usually 0.001 N or
more and preferabiycnancange fror 0.05cto 1.6 N When fles-aitteatéd pronsconjugatdd yelic diene is
brought into contact with an aqueous alkali, the agueous alkali is used in a ratio by volume of usually

0.001 to 100 Bhdpreferabiy 0.1 1016 tBacoMRheMirdatBd nbntcortighted cychi€ dite fibddre. The
contact time gfn the untEeatgg §§3r:1é%0f'uq?t%q: cyclic diene with ;pel_%queg s alkali is usually I to 100

. i .
minutes and pre eraﬁﬁy 2o 30 minutés. The contact temperature is usually in'a range from 0 to 100C

and preferably in a range;frem=2Mtp 804G, dhaugh Jam padisulas limitatiorrisdimpesed pndkaVhen the
untreated non-conjugated cyclic diene is brought into contact with the aqueous alkali, the mixture
may be stirredrAfter thel orgedtédmonsconjugated cyohicldierié Isbrought ) into-contactwith the

aqueous alkali, the non-conjugated cyclic 12 )
The above Wa/Wd and Wb/Wd can be found by GLC analysis.

{(Method of producing the non~conjugated cyclic diene)

The aforementioned non-conjugated cyclic diene
(non—-conjugated cyclic diene 1) according to the present
invention may be obtained by bringing a non-conjugated cyclic
diene (hereinafter ref.erred to as “untreated non-conjugated
cyclic diene” if necessary) which satisfies the following (3)
and (4) into contact with an alkali, for example, and then by
separating and removing at least one of a low-boiling point
fraction and at least one of a high-boiling point fraction with
distillation operation;

{3) it contains a compound (A) having a seven-membered
cycli.c triene hydrocarbon structure in such an amount that the
ratlio (Wa/Wd) of theweight {(Wa) of the compound (&) to the weight
(Wd) of a non-conjugated cyclic polyene exceeds 5 X 107% |, for
example, in an amount ranging from 10 X 107% +o 200 % 10'6; and

(4} it contains a conjugated polyene compeound (B} having
an eight-membered bicyclic hydrocarbon structure in such an
amount that the ratio {(Wbh/Wd) of the weight (Wb) of the compound
(B} to theweight (Wd) of a non-conj ugatedlcyclic polyene exceeds
30 X 107°, for example, in an amount ranging from 35 X 107° to

400 x 1075,

11



- diene is separated from the water phase. In the present invention, such an operation as mentioned
above, namely the process of bringing the non-conjugated cyclic diene into contact with the aqueous
alkali and separating the non-conjugated cyclic diene from the aqueous phase may be repeated
plural times. As the alkali, a solid alkali having a low compatibility with the untreated non-conjugated
cyclic diene and with water may also be used. Specific examples of a method of using a solid alkali
include a method in which the solid alkali is made to coexist with an untreated non-conjugated cyclic
diene/water mixture in a batch system and a method in which an untreated non-conjugated cyclic

diene/water mixture ifoEFIEaHA B RERMRYTHCkE FwviR 2 88ifd Sk4R"SpERAIGERYRplied of the
solid alkali inclyde b sicé%qreég{g?nré@leeresci:nowg grc({[%lﬂt% .%r\]f%i:{)féfl]%afg"f)gcgwﬁ%‘t!g tgglg)r%%ent

invention, aftecﬁhe( unfreated non-conjugated cyclic diene is brought into contact with an” alkali, it may
be further brogghtinta.eontact,with ion exchange water or the like to carry out a separating operation,
followed by washing the non-conjugated cyclic diene. When the unreacted non-conjugated cyclic

diene is brougtit lintd. ¢ortantwitl idrrer¢imamge water after brought into contact with an alkali, the ion
exchange water is used in a ratio by volume of usually 0.001 to 100 and preferably 0.1to 10to 1 of

the non-conjugated CYRHE N & PhB B RERR IR Ftfli e to- Briflg §RE coRfstreht 8bkanEdy
bringing the uﬁggggezgt]‘%nvention is produced, for example, alkali contact

treatment is first carried out in which a non-conjugated cyclic
diene (untreated non-conjugated cyclic diene) which satisfy the
; above {3) or (4) is broﬁght into contact with an alkali.

Examples of the alkali used in the contact ﬁreatment with
the abovecrudenon-conjugatedcyclicdiene include aquecus NalH,
agqueous KOH and agueous ammonia. The concentration of each of
these agqueous alkalis is usually 0.001 N or more and preferably
in a range from 0.05 to 1.0 N.

When the untreated non~ceonjugated cyclic diene is brought
into contacf with an aqueous alkali, the agqueous alkali is used
in & ratio by volume of usually 0.001 to 100 and preferably 0.1
to 10 to 1 of the untreated non—-conjugated cyclic diene mixture,
The contact time of the untreated non-~conjugated cyclic diene
with the agueous alkalil isusually 1l tol00minutes and preferably
5 to 30 minutes. The contact temperature is usually in a range
from 0 to 100°C and preferably in a range from 20 to 80°C, though
no particular limitation is imposed on it. When the untreated
non-conjugated cyclic diene 1s brought into contact with the
aqueous alkali, the mixture may be stirred.

Aftertheuntreated non—éonj ugatedcyclicdiene isbrought

into contact with the aqueous alkali, the non-conjugated cyclic

1z



non-conjugated cyclic diene into contact with an alkali into contact with the ion exchange water is
usually 1 to 100 minutes and preferably 5 to 30 minutes. The contact temperature is usually in a
range from 0 to 1000C and preferably in a range from 20 to 800C though no particular limitation is
imposed on it. When the component obtained by bringing the untreated non-conjugated cyclic diene
into contact with the alkali is brought into contact with ion exchange water, stirring may be carried out.
After the component obtained by bringing the untreated non-conjugated cyclic diene into contact with
the alkali is brought into contact with ion exchange water, the non-conj ugated cyclic diene is
separated fromi theewater phiasea irethefprezerithisvertivar sgdkear operation as mentioned above,
namely the process of the component obtained by bringing_ the untreated non-conjugated cyclic diene

into contact with the Sikarie Brotft into toRtct With O Ex A RRERAler Sh E S&r At five
untreated nonyco nggaggg& G ?%eéggg rom the faﬂ%?g%ﬁﬁg%aéﬁmnﬁ%g%%%dc@& ral imes.

Iig
(Distillation) T the p’ré1 Uctioh op non-conjugate iene according tothe present invention,

the untreatedy NeAconj4gAledayelie digneistbieught.ivte eoataet with-am alkalk and thenwideast a
part of a low-boiling point fraction and at least a part of a high-boiling point fraction are removed from
the resulting componerjtsgkiees] the ddviboilihgrpoirfifractiohén grupresenpiigse may be

repeated plural times.

As the alkali, a solid alkali having a low compatibility
with the untreated non-conjugated cyclic diene and with water
may also be used. Specific examples of g method of using a solid
alkali include a method in which the solid alkali is made to
coexist with an untreated non-conjugated cyclic diene/water
mixture in a batch system and a method in which an untreated
non-~conjugated cyclic diene/water mixture is flowed through a
column packed with a solid alkali. Specific examples of the
solid alkali include basic ion exchange resins, hydrotalcite
and ion—carrying silica.

In the present invention, after the untreated
non~conjugated cydlic diene is brought into contact with an
alkali, itmay be further brought into contact with ion exchange
water or the like to carry out a separating operation, followed
by washing the non-conjugated cyclic diene.

When the unreacted non-conjugated cyclic diene is breought
into contact with ion exchange water after brought into contact
with an alkali, the ion’exchange water is used in a ratio by
volume of usually 0.001 to 100 and preferably 0.1 to 10 to 1
cf the non-conjugated cyclic diene. The contact time required

to bring the component obtained by bringing the untreated
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invention are components distilled from the top of a tower before main fraction are distilled in batch
system distillation or components distilled from the top of a tower in the case of withdrawing main
fraction from the bottom of the tower in continuous distillation, wherein in both cases, the low-boiling
fraction usually contains a non-conjugated cyclic diene which is a target component. The high-boiling
point fraction is components left non-distilled in a tower after main fraction is distilled from the top of
the tower in a batch system distillation and is components withdrawn from the bottom of a tower in
the case of distilling a main fraction from the top of the tower in continuous distillrftion,,wherein in both
[

cases, the higR oA FEdIdHFuSTAIR O AR ndR-CONTIRREES tyBid-Biehd \iHich 1d a et
component, 'U(?ﬁ%%)gﬂ‘%eghth?ﬁé’@g}#&%@ﬁf@ by subjecting; acorgmercialypavailable o s

non-conjugated cyclic diene (untreated non-conjugated cyclic diene) to the foregoing alkali-contact
treatment usugily contaias vi-poRing POt impiities in anhameuntaiabott@kitnt-0% by aveight
and high-boiling point impurities in an amount of about 0.01 to 0.05% by weight. A low-boiling point
fraction and avsigh-bbilingrpeint Frartiofizae Usublly HWGved by distHiBEsR BSINGIE corvehdsnally

known distilling tower. Astheformofthetower, any of a tray type,.irregular packings and regular
packings may™ b8sey %ﬂh%@lg%nvl&‘égférﬂpl rpﬁg%ﬁﬁﬁﬁ?&% ﬁ&r’%—%njﬁ%a%é? 8)%“% diéne,

there is a fearicg.de%%tgxqngk?éuéggqg’é’r?e'}?yoo%i@itsiﬁ\lﬂfrb? bringing the untreated

- non-cenjugated cyclic diene into contact with the alkali 1is
brought into contact with ion exchange water, stirring may be
carried out.

After the component obtained by bringing the untreated
non-conjugated cyclic diene into contact with the alkali is
brought into contact with ion exchange water, the non-conjugated
cyclic diene is separated from the water phase.

In the present invention, such an operation as mentioned
above, namely the process of the component obtained by bringing
the untreated non~-conjugated cyclic diene into contact with the
alkali is brought into contact with lon exchange water and
separating the untreated non-conjugated cyclic diene from the
aquecus phase may be repeated plural times.

(Distillation)

In the production of the non-conjugated cyclic diene
according to the present inventioh, the untreated
non-conjugated cyclic diene is brought into contact with an
alkali, and then at least a part of a low-boliling point fracticn
and at least a part of a high-boiling point fracticon are removed
frem the resulting components.

Here, the low-boiling point fraction in the present
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react ion and the non-conjugated cyclic diene is therefore handled at 180C or less, preferably 120C or
less and more preferably 100C or less. As to the pressure, the distillation is usually carried out under
reduced pressure to meet the requirements as to the above temperature condition. The condition
permitting of the tower top temperature ranging from 40 to 100C is preferable taking a cooling
medium used in a condenser and the capacity of a vacuum device into account. The number of
stages is preferably 5 to 100 and more preferably 15 to 60. The reflux ratio is preferably 0.1 to 50 and
more preferably 0.5 to 10. When the low-boiling point fraction and the high-boiling point fraction are

removed, thegenloynbaiting:peinidrgsian nandhigh-boiling point fragtion areremaeyved.in desired order.
When removing the low-boiling point fraction and high-boiling point fraction, it is preferable to remove
each in an amédht oTEOS% DY weightidr tmble goreferably 10005 &y 20%m by vedightland more -

preferably 1 to 10% by weight based on the weight of the non-conjugate cyclic diene which is a target

before  distilled” RS e §bOVe® idr-tBRjuGRESY Edic ‘dighePdr the Présent - ivefifiorf ffdy 4150 be
produced by %agmlﬂcgg ﬂ%l’%ei%iogggc '1%%?“%9 &gnﬁg Hﬁoa%e:d z%y%”f, dggge j{}} ;tdheerfo:lLI%Wing
manner. Specifically, the low-boiling point fraction and the hig -bmﬁng point fraction are removed by
distillation. Theotowi-haiting paistfractionand high-beiling paiatdrastiar is, respectivelyaretegoly
removed in an amount of 2% by weight or more, preferably 2 to 20% by weight and more preferably 6
16 fraction usually contains a non-conjugated cyclic diene which

is a target component. The high-boiling point fraction is

components left non-distilled in a tower after main fraction

i1s distilled from the top of the tower in a batch system

distillation and is components withdrawn from the bottom of a

tower in the case of distilling a main fraction from the top

of the tower in continuous distillation, wherein in both cases,

the highwboiling fraction usually contain a non-conjugated

cyclic diene which is a target component.

It is to be noted that products obtained by subjecting

a commerciallyavailable non-conjugatedcyclicdiene (untreated

non-conjugated cyclic diene} to the foregoing alkali-contact

treatment usually contains low~boiling point impurities in an

amount of about 0.1 to 1.0% by weight and high-boiling point

impurities in an amount of about 0.01 to 0.05% by weight.

A low-boiling point fraction and a high-boiling point

fraction are usually removed by distillation using a

conventionallyknowndistillingtower. Asthe formcf the tower,

any of a tray type, irregular packings and regular packings may

be used without any problem.

In the distillation of the non-conjugated cyclic diene,

there is a fear of denaturing caused by a retrc Diels-Alder
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to 20% by weight based on the weight of the non-conjugate cyclic diene which is a target before
distilled. When the non-conjugated cyclic diene (non-conjugated cyclic diene 1) obtained in the above
manner according to the present invention is supplied to the polymerization or copolymerization
using, for example, an olefin polymerization catalyst containing an organic aluminum oxy compound
and/or an ionizing ionic compound, the polymerization activity is higher than in the case of using a
commercially available non-conjugated cyclic diene as itis. This is considered to be because the
content of the aforementioned compound having a seven-membered cyclic triene hydrocarbon

structure and/eetaforemmehtivnedrecorjugated pelyene tompdunhavirear Sight-hmmiierdd
bicyclic hydrocargc%rbgructure is small. In the third and fourth methods of producing a polymer based
on non-conjugted &y clic Hiené atecordifig t5 e Breseht Cinventiss a #oR- 86 GgRieti & diene

(hereinafter refeyged 19.as, non-cenjugated cyclic diene.2"),qbtaj e&%&?@%@@%%s‘“&gﬁauy

non-conjugated cyclic diene into contact with an alkali and then by removing at least a part o
low-boiling poirt fractiancandiatdeast-a pastcef high-boiling peintfractionds tsed: Theagn:canjugated
cyclic diene in the non-conjugated cyclic diene 2 is a cyclic compound having two unsaturated bonds.
This non-conjli§afetFcydtietheie s prafsiably adiydidcarbon Gdmpound Bhilds akydrdtarbon
compound hav(;g%greferablg/ 6 to 20 carbon atoms and more preferably 6 to 12 carbon atoms. As the

" non-conjugated-cyeficdiene oPthE BresaTt itenfigh 9179 from 40 tol00°Cispreferable

taking a cooling medium used in a condenser and the capacity
of a vacuum device into account. The number of stages is

preferably 5 to 100 and more preferably 15 to 60. The reflux
ratio is preferably 0.1 tc 50 and more preferably 0.5 to 10.

When the low-boiling point fraction and the high~boiling
point fraction are removed, these low-boiling point fraction
and high-boiling point fraction are removed in desired order.

When removing the low-boiling péint fraction and
high-boiling point fraction, it is preferable to remove each
in an amount of 0.05% by weight or more, preferably 0.05 to 20%
by weight and more preferably 1 to 10% by weight based on the
welght of the non-conjugate cyclic diene which is a target before
distilled.

Also, the above non—~conjugated cyclic diene of the present
invention may alsc be produced by treating the aforementioned
untreated non-conjugated cyclic diene in the following manner.
Specifically, the low-boiling peint fraction and the
high-beiling point fraction are removed by distillation. The
low-boiling peoint fraction and high-boiling point fracticn is
respectively preferably removed in an amount of 2% by weight

or more, preferably 2 tc 20% by weight and more preferably 6
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bicyclo[2.2.1]hept-2-ene derivatives having an alkylidene group and bicyclo[2.2.llhept-2-ene
derivatives having an alkenyl group are preferable ands-ethyl idene-2-norbornene and
5-vinyl-2-norbornene are most preferable, as described in the item of the non-conjugated cyclic diene
1, though no particular limitation is imposed on it. Here, examples of the crude non-conjugated cyclic
diene include the following non-conjugated cyclic dienes. Specific examples of the crude
non-conjugated cyclic diene include (a) those obtained by distilling crude petroleum oil, (b) those
obtained by cracking and isomerizing petroleum oil, followed by distilling, (c) those obtained by
carrying out distillaion,after grRiels-Addes reastion angr(d)diosroblatnedo hy hdariages, Bials-Alder
reaction, followed by isomerization and distillation. In the crude non-conjugated cyclic diene, there is
the case whéresa €onipbtindHe ok a tanipoundef doregamplel sR8wing the following peaks in GC-MS

spectrum exist. Here, the compound X is a compound which has a retention time longer than hexane
ol shorter than 5.cIRTAGHES REBoNEhCFRSEE e ARG SARoATGREHE Bnalysic)

using a non-pajar qalugin.and of viieh sthe Jatig af ghe ijssities of a,Mass. speciym.ia an,El method

shows the value described in the following table. Table 3 18 Mass spectrum 91 39 65 51 Relative ratio

1000 328 3k dbrl4tvkhtion is supplied to the polymerization or
copolymerization using, for example, an clefin polymerizatiocn
catalyst containing an organic aluminum oxy compound and/or an
ionizing ionic compound, the polymerization activity'is higher
thaninthecase cfusinga commerciallyavailablenon-conjugated
cyclic diene as it is. This is considered to be because the
content of the aforementioned compound having a seven-membered
cyclic triene hydrocarbon structure and/or the aforementioned
conjugated polyene compound having an eight-membered bicyclic
hydreccarbon structure is small.

In the third and fourth methpds of producing a pclymer
based on non-con’jugated cyclic diene according to the present
‘invention, a non-conjugated cyclic diene (hereinafter referred
to.as *non~conjugated cyclic diene 27) cbtained by bringing a
crude non-conjugated cyclic diene into contact with an alkalil
and then by removing at least apart of low-boilingpoint fraction
and at least a part of high-boiling point fraction is used.

The non-conjugated cyclic diene in the non-~conjugated
cyclicdiene 2 is a cyclic compound having two unsaturated bonds.
This non~conjugated cyclic diene is preferably a hydrocarbon
compound and 1s a hydrocarben compound having preferably 6 to
20 carbon atoms and more preferably 6 to 12 carbon atoms. As

the non-conjugated cyclic diene of the present invention,
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Also, the compound Y has a retention time longer than 5-ethylidene-2-norbornene and shorter than
normal decane in GLC analysis (gas/liquid chromatographic analysis) using a non-polar column.
Then, the structures can be identified when the ratio of the intensities of a mass spectrum in an El

- method shows the value described in the following table. Table 4 Mass spectrum 80 27 119 41 91 134
Relative ratio 1000 709 70 321 32 294 29 294 29 294 29 As the non-polar column, DB-1
(manufactured by J&W Scientific Inc.) may be used. As regards the compounds X and Y contained in
the crude non-conjugated cyclic diene, the compound X is contained in such an amount that the ratio

of the weight’PAsY of fel compdif® Xt tHESVEIGRE-HAEA)VEIIhe INHRY nh-CorjigatédSclic diene

is preferably a value exceeding 5 i&G nd, for example, in a ratio of 10 x 10-6 to 200 x 10-6. In the
case of the co%ﬁc‘ﬁ?naa 9§thgélc&ﬁgg d ?i Pﬁlﬁ glcnae%l1 ﬁﬂngugiegﬁ\é%:ol%ﬁha Fhetatis of the weight

(Wy) of the compounsh ¥4 the sveight Lwidd) 1of theargetnan,caniugated cyeligdienenis preferably a

value exceeding 30 x 10-6 and, for example, in a ratio of 35 x 10-6 or more and 400 x 10-6 or less.
Examples of dtheriimyduritiesdnduce those centaised pir <liBecarhine fcialy dvaidableatbri-conjugated
cyclic dienes, for example, oxygen-containing compounds such as peroxides and isomers (e.g.,

5-vinyl-2-norb&F&he inthe e GIoBBiRfTRA&SIHOrBATASTY). Forrdruipldl A RBRimérelAy

available CyC“fi%ll?.ﬂc%tion is imposed on 1it.

Here, examples of the crude ncen—conjugated cyclic diene
include the following non-conjugated cyclic dienes.

Specificexamples of the crude non~conjugatedceyclicdiene
include (a) thoée obtained by distilling crude petroleum oil,
(b} those obtained by cracking and isomerizing petroleum o0il,
followed by distilling, {c) those obtained by carrying out
distillationafteralDiels-Alder reactionand (d) those obtained
by running a Diels-Alder reaction, followed by isomerization
and distilliation.

In the crude non-conjugated cyclic diene, there is the
case where a compound X or a compound Y, for example, showing
the feollowing peaks 1n GC-MS specirum exist.

Heré, the compound X is a compound which has a retention
time longer than hexane and shorter than
S5~ethylidene-2-norbornene in GLC analysis (gas/liguid
chromatographicanalysis)usingeanon—pdlarcolumnandcﬁfwhich
the ratio of the intensities of 2 mass spectrum in an EI method

shows the value described in the £following table.

Table 3
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non-conjugated cyclic diene usually contains impurities in a ratio by weight of 100 x 10-6 or more, for
instance, 100 x 10-6 to 1000 x 10-6 to the target non-conjugated cyclic diene. In the third or fourth
method of producing a polymer based on non-conjugated cyclic diene of the present invention, the
same method that is used in the aforementioned method of producing the non-conj ugated cyclic
diene 1 may be exemplified as the method in which the crude non-conjugated cyclic diene is brought
into contact with an alkali and as the method in which at least a part of a low-boiling point fraction and
at least a part of a high-boiling point fraction are removed from the non-conjugated cyclic diene which
has been brought into contact with an alkali. When a non-conjugated cyclic diene 2 obtained by subj
ecting a commescisky-ayailable sron-conjugated cycliggliene (onesiexanple of the crude
non-conjugatgd £uElIGdiene) o ihg aforgmentonedalkafi-cantact treatment and distillation is used as
a monomer for-otefinpotymerization;it exhibitsh gher Mﬁ)uiyll erization activity than in the case of using
the commercially available non-conjugated cyclic diene as it is. The non-conjugated cyclic diene 2
also exhibits still higher polymerization activity than a non-conjugated cyclic diene obtained by
carrying out refining &idsthe likeausiogiotherd2@ niethods. r(Numtdrjugatedecytlic dienetdormposition)
The non-conjugated cyclic diene composition according to the present invention is a c_omBosition

(hereinafter refe?iddl to- 28 Ror-cBRfIGRTEFEcRE digRe E&Mpdsiidh A%y Ehrhgtiedne 1n BLE

analysis (gas/liguid chromatographic analysis) using a

non-polar column. Then, the structures can be identified when
the ratio of the intensities of a mass spectrum in an EI method

shows the wvalue described in the following table.

Table 4
Mass spectrum 80 27 119 41 - 91 134
Relative ratio 1000 TO9£70 | 321432 | 294+£20 ¢ 204 +29 1 204 + 29

As the non-polar column, DB-1 (manufactured by J&W
Scientific Inc.) may be used. As regards the compounds X and
Y contained in the crude non-conjugated cyclic diene, the
compound X is contained in such an amount that the ratio of the
welight (Wx) of the compound X to the welght (Wdd) of the target
non-—conjugatéd cyclic diene is preferably a value exceeding 5
X 107® and, for example, in a ratio of 10 x 107° to 200 x 107°.
In the case of the compound ¥, the compound Y is contained in
such an amount that the ratio of the weight (Wy) ¢f the compcund
Y to the weight (Wdd) of the target non-conjugated cyclic diene
is preferably a value exceeding 30 X 107% and, for example, in
a ratio of 35 X 107 or more and 400 x 107° or less.

Examples of other impurities include those contained in
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the non-conjugated cyclic diene (nhon-conjugated cyclic diene 1) according to the present invention
and an antioxidant. Also, a composition comprising the non-conjugated cyclic diene 2 and an
antioxidant is referred to as "non-conjugated cyclic diene composition 2" if necessary. (Antioxidant)
Examples of the antioxidant used in the present invention include a phenol type antioxidant, sulfur
type antioxidant and phosphorous type antioxidant. Examples of the phenol type antioxidant include
phenols such as 2,6-di-tert-butyl-methylphenol, stearyl(3,3-dimethyl-4-hydroxybenzyl) thioglycolate,
stearyl-R-(4-hydroxy-3,5-di-tert-butylphenol) propionate, distearyl-3,5-di-tert-butyl-4-hydroxybenzyl
phosphonate, C2HEFF(31 3 vdiaBR-btaRe= hyaroxybBA APt 85 Hazisd enes, for
distearyl(4-hygrox -%—meth%&tert_—but benrg Ir)lmaloonate, ds. s . q

2.2 methylenSERUE Rty AT BUSPHaRaY. % FAMBE Y EARbRE R - AR chEB g HRRROR™
2,2'-methylenehis{os(methyleyclohexyhin;eresol], His{3msbisl4:hydraxy-3zted-hutylphenylbutyric

acid] glycol ester, 4,4'-butylidenebis(6-tert-butyl-m-cresol) 21

1,1,3-tris(2-méthy:4shytiexy= 5 dertdatitydphemdbutane,
bis[2-tert-butyl-4-methyl-6-(2-hydroxy-3-tert-butyl-5-methy Ibenzyl)phenyl] terephthalate,
1,3,5-tris(2,6-dimethyE 3 hyBircyR4-tert-BufyBBRAARSBLYS ritifatelable cyclic olefin

non-conjugated cyclic diene usually contains impurities in a
ratio by weight of 100 X 107% ox more, for instance, 100 X 107
to 1000 X 107° to the target non-conjugated cyclic diene.

In the third or fourth method of producing a polymer based
on non~conjugated cyclic diene of the present invention, the
samemethod that isused in the aforementionedmethod of producing
thenon—~conjugatedcyclicdiene Imay be exemplifiedas themethod
in which the c¢rude non~conjugated cyclic diene is brought into
contact with an alkali and as the method in which at least a
part cf a low-boiling point fraction and at least a part of a
high-beoiling point fraction are removed from the non-conjugated
cyclic diene which has been brought into coritact with an alkali.

Whenanon—confugatedcyclicdiene2obtainedbysubjecting
a commercially availlable non~conjugated cyclic diene {one
example of the crude non-conjugated cyclic diene) to the
aforementioned alkali~contact treatment and distillation is
used as a monomer for olefin polymerization, it exhibits higher
polymerization activity than in the case of using the
commercially available non-ceonjugated cyclic diene as it is.
The non-conjugated cyclic diene 2 also exhibits still higher
polymerization activity than a non-conjugated cyclic diene

obtained by carrying out refining and the like using other
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1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-2,4,6-trimeth ylbenzene,
tetrakis[methylene-3-(3,5-di-tert-butyl-4-hydroxyphenyl)pro pionate]methane,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate,
1,3,5-tris[(3,5-di-tert-butyl-4-hydroxyphenyl)propionyloxye thyllisocyanurate,
2-octylthio-4,6-di(4-hydroxy-3,5-di-tert-butyl)phenoxy-1,3, 5-triazine and
4,4'-thiobis(6-tert-butyl-m-cresol) and polyhydric phenol carbonic acid oligo esters such as a carbonic
acid oligo ester (e.g. , degree of polymerization: 2 to 10) of
4.,4'-butylidemepis(dtert-butyl-5-methylphenol). Examples of the sulfur type antioxidant include esters
(e.g., pentaerythritol tetralauryithiopropionate) of polyhydric alcohols (e.g., glycerin, trimethylol ethane,

trimethylol préPaRECPEALBRARRRtoF Yiish§drOkFREcT:ATHARY bt fkylthiodipropionate such as

&Oﬁ%8”&8%@@@9@8@%%@8?%@8 33 pUb/k pgtyls, lauryl- or

dilauryl-, dimyristyl- gr, distearyl-pr
stearyl-thiopropionic%;c%d. %xar%%fgis)o e phosphorous type antioxidant include trioctyl phosphite,

trilauryl phosphitep triglesyk-phosphite; 2 agtykdiphepylphesphite His(2 fhdiftedbutyiphenyl

phosphite, triphenyl phosphite, tris(butoxyethyl) phosphite, tris(nonylphenyl) phosphite,

distearylpentaerythrital odiphosphites teifa (idédy) L < S-trer(Ranéthyes- tért-buspinp hydroxyp
the non-conjugated cyclic diene (non-conjugated cyclic diene
1) according to the present invention and an antioxidant.

Also, a composition comprising the non—conjugated cyclic
diene 2 and an anticxldant is referred to as “non-coniugated
cyclic diene composition 27 if necessary.

(Antioxidant)

Examples of the antioxidant used in the present invention
include a phenol type antioxidant, sulfur type antioxidant and
phosphorous type antioxidant. |
| Examples of the phenol type antioxidant include phenols
such as 2,6-di-tert-butyl-methylphenol,
stearyvl (3,3-dimethyl~4~hydroxybenzyl) thioglycclate,
steaxyl—ﬁ—(4—hydroxy—3,5—di~tert—butylphenol) propionate,
distearyl-3,5-di-tert-butyl-4-hydroxybenzyl phosphonate,
2,4,6~tris (3,5 -di—~tert-butyl-4’'-hydroxybenzylthio)-1,3, 5~
triazine, |
distearyl(4mhydroxy*3wmethyl—S—tert—butylbenzyl)maloﬁate,
2,2'-methylenebis (4—methyl-6-tert-butylphenol},

4,4 ~methyienebis (2, 6’'-di-tert-butylphenol)},
2,2"'-methylenebis[6— (l-methylcyciohexyl)p-cresol],
bis[3,5-bis[4~hydroxy-3~tert—-butyliphenyl]butyric

acidijglycol ester, 4,4'~-butylidenebis (6~tert-butyl-m—cresol),
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henyl) butane diphosphite, tetra(C12-C15 mixed alkyl)-4,4'-isopropylidenediphenyl diphosphite, tetra
(tridecyl) -4, 4 ' -butylidenebis (3-methyl-6-tert-butylphe nol) diphosphite,
tris(3,5-di-tert-butyl-4-hydroxyphenyl) phosphite, tris(mono/di mixed nonylphenol) phosphite,
hydrogenated-4,4'-isopropylidenediphenol polyphosphite,
bis(octylphenyl)/bis[4,4'-butylidenebis(3-methyl-6-tert-but ylphenol)]/1,6-hexanediol diphosphite,
phenyl/4,4'-isopropylidenediphenol/pentaerythritol diphosphite, '
bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite,

bis(2,6-di-tertbutyA-hietypref Wéniéé@ﬂﬁﬁ&lxa@%Eﬁmfejb?fiylphenyl) bu_tane .
”'5(4’4"'S°pr8§%"PED%Q%?—&E%'%%WME‘Q% U%Spwehgggnxgﬁmggg%%ﬁggp &, methy

di(nonylphenyl)pentaerythrito osp tris(1,3-di-stearoyloxyisoprop ite,
4,4-isopropylidenebis(2 ted-bytylphenalyditnenyphenyl) phosphite,
9,10-di-hydro-9-oxa-9-oxa-10-phosphaphenanthrene-10-oxide and
tetrakis(2,4-di-tett-butyiphe (y1) o 4 ibiphémiede dighusphoAitd svbréovey lad ethey bhtioxidants,
6-hyxroxychroman 23 derivatives, for example, various types of tocopherols such as a, R,y and S
tocopherols dH'iikiuTes of these compounds, 2,5-dimethyl, 2,5,8-trimethyl or 2,5,7,8-tetramethy!

substituted prodycts qf 2-(drmethy|penta-3-enyl-q-hydiyehioman, , 1) -2, 4, 6-trimetn
ylbenzenes,
tetrakis[methylene-3~-(3,5-di-tert-butyl~4-hydroxyphenyl)pro
pionatelmethane,
l,3,5—tris(3;S—di—tert—butyl—4—hydroxybenzyl)isocyanurate,
1,3,5-tris[{(3,5~di~tert~butyl~4-hydroxyphenyl)proplonyloxye
thyl]isocyanurate,
2¥octylthio~4,6ﬂdi(4whydroxy—3,5wdi—tert—butyl)phenoxy—1,3,
S5-triazine and 4,4’-thiobis{6-tert-butyl-m-cresol) and
polyvhydric phenol carbonic acid ollgo esters such as a carbonic
acid oligo ester (e.g., degree of polymerization: 2 to 10) of
4,4'~bu£ylidenebis(Zwtert—butyi—S—methylphenol),

Examples of the sulfur type antioxidant include esters
(e.g., pentaerythritcocl tetralaurylthiopropionate) of
polyhydric alcohols (e.g., glycerin, trimethylol ethane,
trimethyiol propane, pentaerythritoi,
trishydroxyisécyanurate) of dialkylthiodipropionate such as
dilauryl-, dimyristyl- or distearyl-propionate and
alkvlthiopropionic acids such as butyl—-, octvl-, iaurylm or
stearyl-thiopropionic acid.

Examples of the phosphorous type entioxidant include

trioctyl phosphite, trilauryl phosphite, tridecyl phosphite,
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2,2,7-trimethyl-5-tert-butyl-6-hydroxychroman, 2,2,5-trimethyl-7-tert-butyl-6-hydroxychroman,
2,2,5-trimethyl-6-tert-butyl-6-hydroxychroman and 2,2-dimethyl-5-tert-butyl-6-hydroxychroman may
also be used. These antioxidants may be used either singly or in combinations of two or more. It is
particularly preferable to use phenol type antioxidants or phosphorous type antioxidant among these
antioxidants. These antioxidants scarcely inhibit the polymerization of a non-conjugated cyclic diene
and allow the aforementioned non-conjugated cyclic diene composition 1 or non-conjugated cyclic
diene composition 2 to have high preserving stability. (Composition, preparation method) The
foregoing norcbnjugdietheycticdiene botmposition 4 ( 2ortaitis-the xiforemiantiohed nbh-conjugate
cyclic diene 1 and antioxidant, wherein the antioxidant is usually contained in_a ratio of Q.1 to 1000

ppm and prefE5H Hber00 M e ERGFRNOHRtof the hORCSHIIGHEY t) cREGRRB 1 -8nd the
antioxidant. The: foregoing non-conjugate Glic.dieng c@%}%ﬁ ion2 cantaing the aforementioned
non-conjugatedlcygﬁc dgileﬁ%qz %?a%ﬁ!ox%%lt, v?ﬁereinsthe an iotfil)ddant is"“u?sually 24 contained in a
ratio of 0.1 takQQ(:ppmiand preferably 1 to 100 ppm to the total amount of the non-conjugated cyclic
diene 2 and the antioxidant. The non-conjugated cyclic diene compositions 1 and 2 each containing

the antioxidaheinrthé abbve 7alio have hightris (2-methyl-5~tert-butyl-4-hydrexyp
henyl)butane diphosphite, tetra (C;,-Cys; mixed
alkyl)—-4,4'-isopropylidenediphenyl diphosphite,
tetra (tridecyl)-4,4"-butylidenebis (3-methyl-6-tert-butylphe
nel) diphosphite, tris(3,5-di-tert-butyl-4-hydroxyphenyl)
phosphite, tris{mono/di mixed nonylphencl) phosphite,
hydrogenated~4,4 ' -isopropylidenediphenol polyphosphite,
bis(octylphenyl) /bis[4,4’'-butylidenebis (3-methyl-6-tert-but
yvlphenol)]/1,6~hexanediol diphosphite,
phenyl/4,4’—isopropylidenediphenol/pentaerythritol
diphosphite, bis(2,4-di-tert-butylphenyl)pentaerythritol
diphosphite,
bis(2,6-di~tert-butyl-4-methylphenyl)pentaerythritol
diphosphite,
tris[4,4’'-isopropylidenebis (2-tert-butylphenol) Jphosphite,
phenvyl/diisodecyl phosphite, di(nonylphenyl)pentaerythritol
diphosphite, tris(l,3-di~stearcoyloxyiscpropyl) phosphite,
4,4’ -isopropylidenebis (2-tert-butylphencl) /di (nonylphenyl)
phosphite,
9,10-di~hydro-9-oxa-9-oxa-10-phosphaphenanthrene-10-oxide
and tetrakis(2,4-di-tert-butylphenyl}-4,4 " -biphenylene
diphosphonite.

Moreover, as other antiocxidants, é-hyxroxychroman
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preserving stability and are reduced in the drop of polymerization activity even after stored for a long
period of time (for example, 140 days). The above non-conjugated cyclic diene composition 1 may be
prepared by blending the above non-conjugated cyclic diene 1 with the above antioxidant and by
stirring the mixture according to the need. The temperature in mixing the both is preferably in a range
from 10 to 60C though no particular limitation is imposed on it, The above non-conjugated cyclic diene
composition 2 may be prepared by blending the above non-conjugated cyclic diene 2 with the above
antioxidant and by stirring the mixture according to the need. The temperature used when mixing the
“both is preferdslyivatarge frémole¥eBRCahoughinpatticpay difmitatiorrsémpdsed orhita@Viethod

of producing the pglymer based on non-conjugated cyclic diene) The method of producing a polymer
: B G ERE ARGt RESET 1Aoron vGOEE BT e of

based on non-cbn u’ga%ea

supplyng he abevesnaw opgaleC e e f, OTLConuga(ed Syl e, pon-conjugated

cyclic diene composition 1 or non-conjugated cyclic diene composition 2 to polymerization or

copolymerizatomossing ansalefin- qgudlymerizegion catalyst containing an organic aluminum oxy
compound and/or ionizing ionic compound. Examples of olefins other than the above non-conjugated

cyclic diene 12norf-cofjustecreieia dierrnz orfcondgareyichroman,
2,2,7-trimethyl~5-tert-butyl-6-~hydroxychroman,

2,2,5-trimethyl-7-tert-butyl-6~hydroxychroman,
2,2,5-trimethyl-6-tert-butyl~6~hydroxychroman and
2,2-dimethyl-5-tert-butyl-6~hydroxychroman may also be used.

These antioxidants may be used either singly or in
combinations of two or more.

It is particularly preferable to use phenol type
antioxidants or phosphorous type antioxidant among these
antioxidants. These antioxidants scarcely inhibit the
polymerization of a non-~conjugated cyclic diene and allow the
aforementioned non-conjugated cyclic diene composition 1 or
non—conjugatedcyclicdienecompositionZ133havehighpreserving
stability.

(Composition, preparation method)

The foregoing non-conjugated cyclic diene composition 1
contains the aforementioned non-conjugate cyclic diene 1 and
antioxi&ant, wherein the antioxidant is usually contained in
a ratio of 0.1 to 1000 ppm and preferably 1 tc 100 ppm to the
total amount of the non-conjugated cyclic diene 1 and the
antioxidant. The foregoing non-conjugated cyclic diene
composition 2 contains the afcrementioned non-conjugatedceyclic

diene 2 and antioxidant, wherein the antioxidant is usually
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cyclic diene composition 1 or non-conjugated cyclic diene composition 2 which are used for
polymerization or copolymerization in the present invention include chain olefins, branched olefins
and non-conjugated polyenes other than non-conjugated cyclic dienes. Also, for example, when using
the non-conjugated cyclic diene 1 or the non-conjugated cyclic diene composition 1 containing the
non-conjugated cyclic diene 1, a non-conjugated cyclic diene other than the non-conjugated cyclic
diene 1, namely, a non-conjugated cyclic diene which meets none of the above requirements (1) and
(2) may be combined. Also, for example, when using the non-conjugated cyclic diene 2 or the
non-conjugatedrayclie dignercampositiorn 2 cortaiiing te pommcenjgated eyelicidiena: 3, aoo
non-conjugated cyclic diene other than the non-conjugated cyclic diene 2, namely, a non-conjugated
cyclic diene RBY beccdhibinet hahichhas mbt BEehh Subjebred 18 SUeh Aeries Of treatient thiat it is
brought into cogtatcrtlwith n.alkali. and then, at least a part of a low-boiling point fraction and at least
apart of ahigﬁl-%oiIing‘f)oﬁlwrt1 raction are femoved. However, among these non-conjugated cyclic

dienes, those contaiping the-nonseoniygated cyelic;dienes 1.and 2R 3 higher ratig are more

preferable. As the olefin polymerization catalyst, any catalyst system 26 may be used without any
particular limitatiorz insofay astite cantains<dni organic atuinginuincoxy compourideard/oL inizing ionic
compound. For example, transition metal compound catalysts comprising a transition metal
compound aiF aAVFYAME afiriRlm: BXy 2 potm d G SeniEhgiosic €6ffbSUnd are preferable

from polymerization activity even after stored for a 1oﬁg'period.of

time (for example, 140 days).

The above non—-conjugated cyclic diene composition 1 may
be prepared by blending the above non-conjugated cyclic diene
lwiththeabdveantioxidantandbystirringthemixtnreaccording
£o the need. The temperature in mixing the both is preferably
in a range from 10 to 60°C though no particular limitation is
imposed on it.

The above non-conjugated cyclic diene composition 2 may
be prepared by blending the above non-conjugated cyclic diene
2with the aboveantioxidantandby stirringthemixture according
to the need. The temperature used when mixing the both is
preferably in a range from 10 to 60°C though no particular
limitation is imposed on it.

{(Method of producing the peclymer based on non~conjugated cyclic
diene)

The method of prqducing a polymer based on non-conjugated
cyclic diene according tc the present invention invelves a
process of supplying the above non—conjugated cyclic diene 1,
non-conjugated cyclic diene 2, non-conjugated cyclic diene

compesition 1 or non-conjugated cyclic diene composition 2 to
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the viewpoint of activity. Preferable examples of the transition metal compound may include
metallocene compounds of the group 4 transition metals in the periodic table. Examples of the
metallocene compounds of the group 4 transition metals in the periodic table which are preferably
used in the present invention include the following compounds. MLx (I) wherein M represents a
transition metal selected from the group 4 transition metals in the periodic table and specifically,
zirconium, titanium or hafnium and x denotes a number meeting the atomic value of the transition
metal. Ls respectively represent a ligand coordinated with the transition metal wherein, among these
Ls, at least origlifydfel Yepiasenion grdup PRyandy having bleylopeiradianylskefeton and this

ligand having a yclcgae,ntadien}/ll skeletgn may hayce a_substituent. Examples of the Iignand having a
cyclopentadieR§l SRET&OA Inchite"a cicropentadiomt §rotm; alkyPadttitited bF &ebaI T Substituted

cyclopentadiepyl.groups such as.a smeathylgyglopentadienyl group, ethylcyclopentadienyl group, n- or
i-propylcyclopentadienyl group, n-, i-, sec- or t-butylcyclopentadienyl group, hexylcyclopentadienyl

group, 27 octylcyclopentadiemyd group] dimethyiayictapentadienykgedtgpy drimethylcyclagentadienyl
group, tetramethylcyclopentadienyl group, pentamethylcyclopentadienyl group,

methylethylcyElsphtadidRigfoup! ORieBWIpIeEYIes el operiaie i gR6up, non-conjugated

cyclic diene compositicon 1 or non-conjugated cyclic diene
composition 2 which are used for polymerization or
copolymerizationinthepresentinvention include chainclefins,
branched clefins and non-conjugated polyenes other than
non~conjugated cyclic dienes. Alsc, for example, when using
the non-conjugated cyclic diene 1 or the non—conjuéated cyclic
dlene composition 1 containing the non-conjugated cyclic diene
1, a non-conjugated cyclic diene octher than the non-conjugated
cyclicdiene l, namely, anon—conjugatedcyclicdienewhichmeets
none of the above requirements (1) and (2) may be combined. Also,
for example, when using the non-conjugated cyclic diene 2 or
the non-conjugated cyclic diene composition 2 containing the
non-conjugated cyclic diene 2, a non-conjugated cyclic diene
other than the non-conjugated cycliic diene 2, namely, a
non—-conjugated cyclic diene may be combined which has not been
subjected to such a series of treatment that it is brought into
contact with an alkali and then, at least a part of a low-boilling
point fractionandatleastapartofahigh~boilingpoint fraqtion
are removed. However, among these non—conjugatedcyclicdienes,
those containing the ncon-—-conjugated cyclic dienes 1 and 2 in
a higher ratic are more preferable.

Astheolefinpolymerizationcatalyst, anycatalyst system
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methylbutylcyclopentadienyl group, methylhexylcyclopentadienyl group,
methylbenzylcyclopentadienyl group, ethylbutylcyclopentadienyl group, ethylhexylcyclopentadienyl
group and methylcyclohexylcyclopentadienyl group, indenyl groups, 4,5,6,7-tetrahydroindenyl groups
and fluorenyl groups. These ligands having a cyclopentadienyl skeleton may be further substituted
with a halogen atom, trialkylsilyl group or the like. Among these substituted compounds, alkyl
substituted cyclopentadienyl groups are particularly preferable. When the compound represented by
the above formula (I) has two or more groups having a cyclopentadienyl skeleton as ligand L, two
groups havingzg cyelopertadienyt: skeletmmamend: thede groupsirnay bertbolmdadtireach dther
through an alkylene group such as ethylene and propylene; substituted alkylene group, such as

isopropylider®ak@ HighaRyRretyien & SIEREY 6 C P BCHHREF LR TehS Gt Gdp Suthas
- dimethylsilylene, diph§r.‘yl%llglrengx%rﬁg%'?gthy{%ha%@@%&qem@%ﬂ'fp@&n%?&u%@%ﬁ@l@@@? ligands
ydrocar

having a cy&gpé)rﬁgalenyl skéleton’includé a on group having 1 to 12 carbon atoms, alkoxy

group, aryloxyeupssuéonic: 28~acid-containing grespd-S3Randere Badgepresents:anatityl group,
a halogen substituted alkyl group, an aryl group, a halogen substituted aryl group or an alky!l

substituted apy group)o tatbgent Atomicmhyedioge i rdm . ExXapapled Ginhaakecapoa §itp having 1

to 12 carbon _ .
- the viewpcint of activity. Preferable examples of the

transition metal compound may include metallocene compounds of
the group 4 transition metals in the periodic table.

Examples of the metallocene compounds of the group 4
transition metals in the pericdic table which are preferably
used in the present invention include the following compounds.

MLx (I) |
wherein M represents a transition metal selected from the group
4 transition metals in the pericdic table and specifically,
zirconium, titanium or hafnium and x denotes a number meeting
the atomic value of the transition metal.

Ls respectively represent a ligand coordinated with the
transition metal wherein, among these Ls, at least one ligand
Lrepresentseagroup(ligand}havingfacyclopentadienylskeleton
and this ligand having a cyclcpentadienyl skeleton may have a
substituent.

Examples of the ligand having a cyclopentadienyl skeleton
inélude a cyclopentadienyl group; alkyl substituted or
cycloalkyl substituted cyclopentadienyl groups such as a
methylcyclopentadienyl group, ethylcyclopentadienyl group, n-
or i-propylcyclopentadienyl group, n—-, i-, sec— or

t-butylcyclopentadienyl greoup, hexylcyclopentadienyl group,
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atoms include alkyl groups, cycloalkyl groups, aryl groups and aralkyl groups. Specific examples of
these hydrocarbon groups include alkyl groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, t-butyl, pentyl, hexyl, octyl, decyl and dodecyl; cycloalkyl groups such as a
cyclopentyl group and cyclohexyl group; aryl groups such as phenyl and tolyl; and aralkyl groups
such as benzyl and neophyl. Also, examples of the alkoxygroup includemethoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, isobutoxy, sec-butoxy, t-butoxy, pentoxy, hexoxy and octoxy. Examples of the
aryloxy group include phenoxy. Examples of the sulfonic acid-containing group (-SO3Ra) include
methane sulféiaie J5tslhere shRedaRY frifisremethane shifdirate ErRE ERBIGHEhz eHeSllfonate.

Examples of the halo%er#atorri include fCEuorine chlorine, @g rine e@{}g iJ? of t

Je 1 ne dine Examé)l%ls e
transition metiF CSRpoUNds RATRG Sironiuns as REaRd cortaining twd gaRdS Raving & — Y
g

cyclopentadiegyl,skeletonwill he.-giyen. betow, ép@gg@gﬂylex?m%g of these transition metal

compounds include bis (cyclopentadienyl) zirconium mono chloride monohydride,

bis(cyclopentadiehyl)zitdopiumg dichiendes 29enyl group,
bis(1-methyl-3-butylcyclopentadienyl)zirconiumbis(trifluoro methanesulfonate),
bis(1,3-dimetMAdyEidFartadieRyIyZirseitim dictioride ehflene-bis(indenyl)dimethylzirconium,

ahyb”64“50%%%ﬁ@?ﬂEQQ?g}Q¥QE£§@édienyl group,
methylhexylcyclopentadienyl group,
methylbenzylcyclopentadienyl group,
ethylbutylcyclopentadienyl group, ethylhexylcyclopentadienyl
group and methylcyclohexyicyclopentadienyl group, indenyl
groups, 4,5,6,7-tetrahydroindenyl groups and £luorenyl groups.

These ligands having a cyclopentadienyl skeleton may be
further substituted with a halogen atom, trialkylsilyl group
.or the like. Among these substituted compounds, alkyl
substituted cyclopentadienyl groups are particularly
preferable,

When the compound represented by the above formula (I)
has two or more groups having a cyclopentadienyl skeleton as
ligand L, twe groups having a cyclopentadienyl skeleton among
these grou?s may be bound with each other through an alkylene
group such as ethylene and propylene; substitutedalkylene group
such as isopropylidene and diphenylmethylene; silylene group;
or substituted silylene group such as dimethylsilylene,
diphenylsilylene and methylphenylisilylene,

Examples of L other than these ligands having a
cyclopentadienyl skeleton include a hydrocarbon group having

1 to 12 carbon atoms, alkoxy group, arylexy group, sulfonic
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isopropylidene(cyclopentadienyl-fluorenyl)zirconium dichloride, diphenylsilylene-bis(indenyl)zirconium
dichloride, methylphenylsilylene-bis(indenyl)zirconium dichloride, rac-ethylene-bis(2-methyl-l-indenyl)
zirconium dichloride, rac-dimethylsilylene-bis(2-methyl-I-indenyl) zirconium dichloride,
rac-dimethylsilylene-bis(4,7-dimethyl-l-indenyl) zirconium dichloride,
rac-dimethylsilylene-bis(2,4,7-trimethyl-I-indenyl)zirconiu m dichloride,
rac-dimethylsilylene-bis(2,4,6-trimethyl-I-indenyl)zirconiu m dichloride,
rac-dimethylsilylene-bis(4-phenyl-lI-indenyl) zirconium dichloride,
rac-dimethylsilytefecis@=meihyl4-phepylldodrhyzicce R iunphietdernde, an alkyl group,
rac-dimethylsilylene-bis(2-methyl-4-((X-naphthyl)-1-indenyl) zirconium dichloride,
rac-dimethy|siylabasiSeR - e -4t iR-Adphthyl) 11-THeeRyl) AftoRitnt diEFfdiile dndra Logen |
rac-dimethylsilylene-his(2-methyl-4-(1-anthryl)-1-indenyl)z . 30 irconium dichloride, Also, transition
metal compoﬁ%}i’f Bﬁﬁé?neecli'g b)?‘ ?é’ a ﬁau%eozlfrc%%iuafrnikn)%’e]talsvl\ﬁ%ﬁsgjti%r%ﬁr% raﬁg%/alf o?ﬁgPrﬁl?m metal in

the compounds as{hase mentigned aboye snay bggxemplified. In the present invention, compounds
represented by the

Examples of the hydrocarbon group having 1 to 12 carbon
atoms include alkyl groups, cyclocalkyl groups, aryl groups and
aralkyl groups. Specific examples of these hydrocarbon groups
include alkyl groups such asmethyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl, octyl,
decyl and dodecyl; cycloalkyl groups such as a cyclopentyl group
and cyciohexyl group; aryl groups such as phenyl and tolyl; and
aralkyl groups such as benzyl and neophyl.

Also,exampleséfthealkoxygroupincludemethoxy,ethoxy,
N-propoxy, isopropoxy, n—butoxy, isobutoxy, sec-butoxy,
t-butoxy, pentoxy, hexoexy and octoxy.

Examples of the aryloxy group include phenoxy.

Examples of the sulfonic acid-containing group (—S03R%)
incilude methane sulfonate, p-toluene sulfonate,
trifluoromethane sulfonate and p-chiorobenzene sulfonate.
Examples of the halogen atom include fluorine, chlorine, bromine
and iodine.

Examples of the transition metal compounds having
zirconium as M and containing two ligands having a
cyclopentadienyl skeleton will be given below.

Specifically, examples of these transition metal
compounds includebis (cyclopentadienyl) zirconiummenochloride

monchydride, bis{(cyclopentadienyl)zirconium dichloride,
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following formula (1) may also be used as the transition metal compound. L1M1X2 (ll) wherein M1
represents a transition metal selected from the group 4 metals, L' represents a derivative of a
delocalized it bond group and imparts a constrained geometry to the active site of the metal M1 and
Xs respectively represent hydrogen, a halogen, a hydrocarbon group having 20 or less carbon atoms,
a silyl group having 20 or less silicon atoms or a germyl group having 20 or less germanium atoms.
Among these compounds represented by the formula (I1), compounds represented by the following
formula (lll) are preferable. [Chemical formula 1] Z -Y | C p Mj (X)2 .. tray) wherein M1 represents
titanium, zircobiteri brhafriwh; X-bithe 13l sdmpastaisbverand) Cp representsis ¢yetdfdntadienyl
group which is 7t-bonded with M1 and may have a substituent. Z represents a ligand containing at
least one elemi&it 8BREIRHTFSIR Bxd/gen, sulfur, boron and an element of group 14 in the periodic

table (e. 9 ., carbon, siicgn. germanium,and. ). Yyrepresents  igand having nigagen, phosphorous,

oxygen or sultur. AlsO, Zan r%ayzform % con%ensea(rlng.
ethylene-Dbis (indenyl)dimethylzirconium,
ethylene-bis(indenyl) zirconium dichloride,
isopropylidene{cyclopentadienyl~fluorenyl)zirconium
dichloride, diphenylisilylene-bis{indenyl)zirconium
dichleride, methylphenylisilylene~bis (indenyl)zirconium
dichloride, rac-ethylene-bis({2-methyl-l-indenyl)zirconium
dichleoride,
rac—dimethylsilylene-bis(2-methyl-1-indenyl)zirconium
dichloride,
rac-dimethylsilylene-bis(4,7-dimethyl-l-indenyl)zirconium
dichloride, |
rac-dimethylsilylene-bis(2,4,7-trimethyl-I~indenyl) zirconiu
m dichloride,
rac—dimethylisilylene~-bis(2,4,6-trimethyl-1-indenyl)zirconiu
m dichloride,
rac—dimethylsilylene~bis {4-phenyl-l-indenyl)zirconium
dichloride,
rac—dimethylsilylene-bis (2-methyl-4-phenyl-l~indenyl)zircon
ium dichloride,
rac~dimethylsilylene-bis (Z2-methyl-4- (G@—naphthyl)~l~indenyl}
zirconium dichleride,
rac-dimethylsilylene-bis (2-methyl-4- (B-naphthyl)-1l-indenyl)
zirconlum dichleride and

rac-dimethylsilylene-bis (Z-methyl-4-(l-anthryl)-1l-indenyl)z
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Specific examples of the compound represented by the formula (1) include
[dimethyl(t-butylamido)(tetramethyl-TI15-cyclopentadienyl)sil ane]titanium dichloride,
[(t-butylamido)(tetramethyl-115-cyclopentadienyl)-1,2-ethane diyl]titanium dichloride,
[dibenzyl(t-butylamido)(tetramethyl-715-cyclopentadienyl)sil ane]titanium dichloride,
[dimethyl(t-butylamido)(tetramethyl-tI5-cyclopentadienyl)sil ane]dibenzyltitanium,
[dimethyl(t-butylamido)(tetramethyl-ri5-cyclopentadienyl)sil ane]dimethyltitanium,
[(t-butylamido)(tetramethyl-715-cyclopentadienyl)-1,2-ethane diyl]dibenzyltitanium,
[(methylamido)(tetramethylThicytldpentadienyl)-1,2-ethaned iylJdineopentyltitanium,
[(phenylphosphido)(tetramethyl 115 cyclopentadienyl)methylen ejdiphenyltitanium, ‘
[dibenzyl(t-butylamidé)%t%?rarﬁétﬁ&}ﬁ?%&-%ﬁ}cf&%&ﬁﬂao?é}‘f&ﬁ’)’%ﬁnglf anBfddyItRinitRPLacing

methy (Cengyemido)TIS-eycloperiadeny)sian) g El USSR, o necay 5o
(0] 1

[dimethyl(pheny phzosp I tetramethyl-11"-cyclopentadienyl) “silane]dibenzyltitanium,

[(tetramethyl-dja-cyclapentadienyd-1;R-ethanedilyjdibenazyip HaRiURL y be exemplified.
[2-r]5-(tetramethyl-cyclopentadienyl)-1-methyl-ethanolate(2-

: In the present invention, compounds represented by the
following formula (II) may also be used as the transition metal
compound.

L'M'X, (IT)
wherein M represents a transition metal selected from the group
4 metals, L' represents a derivative of a delocalized T bond
group and imparts a constrained geometry to the active site of
the metal M' and Xs respectively represent hydrogen, a halcgen,
a hydrocarbon group having 20 or less carbon atoms, a silyl group
having 20 or less silicon atoms or a germyl group hawving 20 or
less germanium atoms.

Among these compounds represented by the formula (II),
compounds represented by the following formula (III) are

preferable.

[Chemical formula 11}

Z———Y
/ /
Cp M:
1)

wherein M! represents titanium, zirconium or hafnium, X is the
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)]dibenzyltitanium, [2-115-(tetramethyl-cyclopentadienyl)-1-methyl-ethanolate(2- )]Jdimethyltitanium,
[2-((4a,4b,8a,9,9a-T])-9H-fluorene-9-yl)cyclohexanolate(2-)l dimethyltitanium, and
[2-((4a,4b,8a,9,9a-T])-9H-fluorene-9-yl)cyclohexanolate(2-)l dibenzyltitanium. Also, compounds
obtained by replacing the titanium metal with a zirconium metal or hafnium metal in the compounds as
those mentioned above may be exemplified. These transition metal compounds may be used either
singly or in combinations of two or more. (Organic aluminum oxy compound) The organic aluminum
oxy compound forming the olefin polymerization catalyst according to the present invention may be
conventionall§XRrRRIT AR EHE BPalssHzRReThSoRIBIY OrgRRR HdmHu G& eEmpouRd (see, for

example, the 'ublicgtion of JP-A.N 12'5Z§§87)ai ecovention%llg/tk own aluminoxa ne is represented

T
by the 33 fol oc\:’/vi?wgé gﬁrﬁlﬁa (T)%P( ,speC|fi<r:na K/ Chemical formu alﬁﬁ ‘Al-(-O-A1-4MOAIR21 ... -

(i) R O-Alm+2 (i) Ry represents a ligand containing at least one element
selected from oxygen, sulfur, boron and an element of group 14
inthe periodic table (e.g., carbon, silicon, germaniumand tin).

Y representsa ligandhavingnitrogen, phesphorous, oxygen
or sulfur.

Also, 2 and Y may form a condensed ring.

Specific examples of the compound represented by the
formula (III) include
[dimethyl (t-butylamido) (tetramethyl-n°-cyclopentadienyl)sil
aneltitanium dichleride,
{(twbutylamido)(tetramethyl—n5~cyclopentédienyl)ﬂ1,2methane
diylltitanium dichloride,
[dibenzyl(t—butylamido)(tetramethyl-ns—cyclop@ntadienyl}sil
ane]titanium dichloride,
{dimethyi(t—butylamido)(tetramethyl~n5—cyclopentadienyl)sil
anel]dibenzyltitanium,
(dimethyl (t-butylamido) (tetramethyl-n’~cyclopentadienyl)sil
ane]dimethyltitanium,
{(tmbutylamido)(tetramethyl—n5—cyclopentadienyl)—1,2wethane
diylidibenzyltitanium,
[ (methylamido) (tetramethyl-1°-cyclopentadienyl)-1,2-ethaned
iylldineopentyltitanium,
[(phenylphosphido)(tetramethyl—nS—uyclopentadienyl)methylen
e]ldiphenyltitanium,

[dibenzyl{t—butylamido}(tetramethyl—ns—cyclopentadienyl)sil
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In the above formula, R represents a hydrocarbon group such as methyl, ethyl, propyl or butyl,
preferably methyl or ethyl and particularly preferably methyl and m denotes an integer of 2 or more
and preferably 5 to 40. Here, this aluminoxane may be formed of a mixed alkyloxy aluminum unit
consisting of an alkyloxy aluminum unit represented by the formula (OAI(R11)) and an alkyloxy
aluminum unit represented by the formula (OAI(R12)) (where R11 and R12 may be respectively
represented by the same hydrocarbon group as R wherein R11 and R12 represent groups different
from each other) (lonizing ionic compound) The ionizing ionic compound forming the olefin
polymerizaticareaitadlystacsardingdo the present invention is a compound which reacts with the above
transition metal compound to form an ionic compound or reacts with the reaction product of the
above transitichifetdr ebiifound e fellonmtr fanict aRkhsiRtm compaeidis formmetionic
compound, dleggf\;ﬁiscggg4,the ionic compound include Lewis acids and ionic compounds.

I
Examples of the above Lewis acidinclude compounds represented by BR133 (R13 represents a

phenyl group phich Mgy W@@&%E%@ﬁym@éﬂ%@%h@@,m}ﬂ—%ﬁﬂﬁgmﬁw Qffiuorine).
Specific examples of these Lewis acids include trifluoroboron, triphenylboron,
tris(4-fluoropleenydyooran barsz(3] bidikhuibnaphenyl) boron, tris (4-f luoromethylphenyl) boron, tris
At e RSN DR P ka4 Ll S A S S W S A
itanium,
[2—1]5—(tetramethyl—cyClopentadienyl)—1—methyl_ethanolate{2w
) ]dibenzylititanium,
[2—n5~(tetramethyl—cyclopentadienyl)—1—methylwethanolate(2—
) Jdimethylititanium,
[2-{{42a,4b,8a,9%,%a7)-98-fluorene—9-ylicyclohexanclate (2-)]
dimethyltitanium, and
[2-{{4a,4b,8a,9,%a-n) -%H~fluorene~9~yl)cyclohexanclate (2-)]
dibenzyltitanium.

Also, compeounds obtained by replacing the titanium metal
witha zirconiummetal or hafniummetal in the compounds as those
menticned above may be exemplified.

Thesetransitionmetalcompoundsmaybeusedeithersingly
or in combinations of two or more.

(Crganic aluminum oxy compound)

The organic aluminum oxy compound forming the olefin
polymerization catalyst according to the present invention may
be conventionally known aluminoxane or a benzene-insoluble
organic aluminumoxy compound (see, for example, thepublication

of JP~A No. 2-78687).

The coventionally known aluminoxane is represented by the
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Examples of the ionic compound may include trialkyl substituted ammonium salts, N,N-dialkylanilinium
salts, dialkylammonium salts and triarylphosphonium salts. Specific examples of the
trialkylsubstituted ammonium salt include triethylammoniumtetra(phenyl)boron,
tripropylammoniumtetra(phenyl)boron, tri (n-butyl) ammoniumtetra (phenyl) boron,
trimethylammoniumtetra(p-tolyl)boron, trimethylammoniumtetra(o-tolyl)boron,
tributylammoniumtetra(pentafluorophenyl)boron, tripropylammoniumtetra (o,p-dimethylphenyl) boron,
tributylammoniumtetra (m,m-dimethylphenyl) boron,
tributylammonf@mietrsparifiesrandathyiphesyl) boton afBewibadd)ammoniumtetra(o-tolyl)boron.
Examples of the N,N-dialkylaniliniym salt include N,N-dimethylaniliniumtetra(phenyl)boron,
N,N-diethylaniﬁﬁ:\ﬂﬁ%ﬁ%%p @r%%%?o nd 35 N,N,2,4,6-pentamethylaniliniumtetra(phenyl)boron.
Examples of the dialkylammonium salt include di(I-propyl)ammoniumtetra(pentafluorophenyl)boron
and dicyclohexylammoniumtetra(phenyl)boron. Moreover, examples of the ionic compound may
include triphenylcarbeniumte%ki%(pé'rﬁ@mdkbp}ﬁr@ﬁbﬁ@te,
N,N-dimethylahiIiniumtetrakis(pentaﬂuorophényl) borate and ferroceni(tgtra(pentafluorophenyl)
borate. (Organic aluminum compound) The khetallocene type catalyst may contain an organic

—-€~o—-?z—}——m+z e (i)
R

In the above formula, R represents a hydrccarbon group
such as methyl, ethyl, propyl or butyl, preferably methyl or
ethyl andparticularlypreferablymethyl andmdenotes an integer
of 2 or mere and preferably 5 to 40.

Bere, this alumincoxane may be formed of a mixed alkyloxy
aluminumunitconsistingofanalkyloxyaluminumunit represented
by the formula (OAL(R**)Y) and an alkyloxy aluminum unit
represented by the formula (OAl (R*?)) (where R' and Rr*? may be
respectively represented by the same hydrocarbon group as R
wherein R* and R* represent groups different from each other).
(Ionizing ionic compound)

The ionizing ionic compound forming the olefin
polymerization catalyst according to the present invention is
a compound which reacts with the above transitionmetal compound
to form an ionic compound or reacts with the reaction product
of the above transitionmetal compound and the following crganic

aluminum compound to form an ionic compound, and examples of
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aluminum compound together with the aforementioned organic aluminum oxy compound and/or
ionizing ionic compound. Such an organic aluminum compound is represented by the following
formula (V). R14nA1X13-n (V) wherein R14 represents a hydrocarbon group having 1 to 15 and
preferably 1 to 4 carbon atoms, X1 represents a halogen atom or a hydrogen atom and n denotes a
number from 1 to 3. Examples of the hydrocarbon group having 1 to 15 carbon atoms include an alkyl
group, cycloalkyl group and aryl group. Specific examples of the hydrocarbon group include methyl,
ethyl, n-propyl, isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and tolyl.
Examples of tie: oigariic attamiponmconmpaodndimchelieitheafollowingrcbnipouindse tistigpialdeminum such
as trimethylaluminum, triethylaluminum, triisopropylaluminum, triisobutylaluminum, 36

trioctylaluminum andii25RhARe i albtfin GRS Gk B dmths sd A AL 50 pRaTAR BRI um
represented 9&@%@%@%%(" 4§§)%Al¥éﬁ5'i@%§e(¥‘@%%Xaygﬂg% e Jespectively..4 pasitive

number and z 7 2x); trialkenyldluminum such as triisopropenylafumindm; dialkylaluminum halides
such as dimetaylaluminwe: chigdde, diethylaluminum chiorides giisaprepylatuminuigoaiierige,

~ diisobutylaluminum chloride and dimethylaluminum bromide; alkylaluminum sesquihalides such as
methylalumirem£fluorine) . Specific examples of these Lewis acids include

trifluoroboron, triphenylboreon, tris{4-fluorophenyl)boron,
tris{3,5-difluorophenyl)boron,
tris{(4~-flucromethylphenyl)boron,
tris{pentafluorcphenyl)boron, tris(p-tolyl)boron,
tris(o-tolyl)boron and tris(3,5-dimethylphenyl)boron,

Examples of the ilonic compound may include trialkyl
substituted ammonium salts, N,N;dialkylanilinium salts,
dialkylammonium salts and triarylphosphonium salts.

Specific examples of the trialkylsubstituted ammonium
gsalt include triethylammoniumtetra (phenyl)}becren,
tripropylammoniumtetra (phenyl}boron,
tri{n-pbutyl)ammoniumtetra (phenyl)bcron,
trimethylammoniumtetra (p-tolyl}boron,
trimethylammoniumtetra (o—~-tolyl)boron,
tributylammoniumtetra (pentafliuorophenyl}boron,
tripropvlammoniumtetra (o,p~dimethylphenyl)boron,
tributylammoniumtetra (m,m—dimethylphenyl)boron,
tributylammoniumtetra{p-trifluoromethylphenyl}boron and
tri{n-butyl}ammoniumtetra{oc-tclyl)boron.

Examples of the N,N-dialkylanilinium salt include
N,N~dimethylaniliniumtetra (phenyl)boron,

"N,N-diethylaniliniumtetra {phenyl)boron and
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sesquichloride, ethylaluminum sesquichloride, isopropylaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide; alkylaluminum dihalides such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylaluminum  dichloride and ethylaluminum dibromide;
dialkylaluminum hydrides such as diethylaluminum hydride and dibutylaluminum hydride; and
alkylaluminum dihydrides such as ethylaluminum dihydride and propylaluminum dihydride.
(Polymerization condition) In the method of producing a polymer based on non-conjugated cyclic
diene according to the present invention, the above non-conjugated cyclic diene 1, non-conjugated

cyclic diene 2 fdnZochjdgated eyt dishaltbhigosiiort 52 nBhovuatstPByclic diene composition
2 and according to the, need, other olefins are subjected to polymerizatiqn using an 37 olefin
polymerization catalysEf.X &Irrnt%Jn%Sthg ﬁo#—l@or%r&ﬁ%%ége‘%?/c & &éﬁgs ?J%gg foJ"rntﬁ‘séugglymerization, an

unreacted ongy may e H3ed agrinfer polwperzationaftenitis draated in the.same manner as above,

specifically, at least a part of a low-boiling point fraction and at least a part of a high-boiling point
fraction are refriaved! afteki ishbroughtinte contgob with laralkalh Or a part or all of the purifying
process may be omitted to subject the unreacted non-conjugated cyclic diene again to the
polymerization. Moreover, examples of the ionic compound may include
triphenylcarbeniumtetrakis (pentaflucrophenyl) borate,
N,N-dimethylaniliniumtetrakis (pentaflucrophenyl) borate and
ferrcceniumtetra (pentafluorophenyl) borate.
{Organic aluminum compound)

'~ The metallocene type catalyst may contain an crganic
aluminum compound together with the aforementioned organic
aluminum oxy compound and/cr ionizing ionic compound.

Such an organic aluminum compound is represented by the
following formula (V).

R™ A1X 5, (V)
wherein R' represents a hydrocarbon group having 1 to 15 and
preferably 1 to 4 carbon atcems, x! represents a halogen atom
or a hydrogen atom and n denctes a number from 1 to 3.

Examples of the hydrocarbon group having 1 to 15 carbkon
atoms include an alkyl group, cycloalkyl group and aryl group.
Specificexamplesof the hydrocarbongroup includemethyl, ethyl,
n-propyl, isopropyl, isobutyl, pentyl, hexyl, octyl,
cyclopentyl, cyclohexyl, phenyl and tolyl.

Examples of the organic aluminum ceompound include the
following compounds:

trialkylaluminum such as trimethylaluminum,

triethylaluminum, triisopropylaluminum, triisobutylaluminum,
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As the polymerization method used when the polymer based on non-conjugated cyclic diene of the
present invention is produced, liquid phase polymerization methods such as a suspension
polymerization method and solution polymerization method may be usually adopted. Specific
examples of the hydrocarbon medium used in the liquid polymerization method include aliphatic
hydrocarbons such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and
hexadecane; alicyclic hydrocarbons such as cyclopentane, cyclohexane, methylcyclopentane and
cyclooctane; aromatic hydrocarbons such as benzene, toluene, and xylene; halogenated
hydrocarbonssuich ag lethylene ehlaride, tchidrebénzenecandldithloiorethane; petroleum fractions
such as gasoline, kerosene and light gas oil or mixtures of these compounds may be used.

Moreover, olef ins used¥6FthepgoijiferRatioRthay be URER Y e RydretarSarr e 938’ When the

transition metal campound is used,in t lymerizatign, the transition metal compound is used in
such an amg%‘r?t %Oagrf#el %o?ujée(r‘?f%a?ﬁd‘%?o}f%%é Fﬁ?:éit (‘5“%1Fa'nre(taai{atégrﬁné| %rpeolgl?nsé%ezggé’r‘{ ?(ggction

system is usyally, 10-840 4 O3 yam atam/l (egiym) and preferably 10-7 to 10-4 gram atom/|
(medium). The organic aluminum oxy compound is used in such an amount that the atomic ratio

(Al/M) of aluminum (AL centatmed. inltlve i organsoualimérsunt oxy sompouetd FRetransition metal (M)
contained in the transition metal compound falls usually in a

dialkylaluminum halides such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum
chloride, diiscbutyvlialuminum chloride and dimethylaluminum
bromide;

alkylaluminum sesquihalides such as methylaluminum
sesquichleoride, ethylaluminum sesguichloride,
isoprepylaluminum sesquichloride, butyialuminum
sesguichloride and ethylalﬁminum segsguibromide;

alkyvialuminum dihalides such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylaluminum
dichloride and ethylaluminum dibromide;

dialkylaluminum hydrides such as diethylaluminumhydride
and dibutylaluminum hydride; and

alkylaluminum dihydrides such as ethylaluminum dihydride
and preopylaluminum dihydride.

{FPolymerization condition)

In the method of preducing a polymer based on
non-conjugated cyclic diene according to the present invention,
the above non-conjugated cyclic diene 1, non-conjugated cyclic
diene 2, non-conjugated cyclic diene composition 1 or
non—-conjugated cyclic diene composition 2 and according to the

need, other clefins are subjected to polymerization using an
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range from 10 to 10000 and preferably in a range from 20 to 5000. The ionizing ionic compound is
used in such an amount that the molar ratio (transition metal compound/ ionizing ionic compound) of
the transition metal compound to the ionizing ionic compound falls usually in a range from 0.01 to 10
and preferably in a range from 0.1 to 5. Also, the organic aluminum compound used according to the
need is used in such an amount that the atomic ratio (All/Al2) of an aluminum atom (All) contained in
the organic aluminum compound to an aluminum atom (A12) contained in the organic aluminum oxy
compound falls usually in a range from 0.02 to 20 and preferably in a range from 0.2 to 10. As the
polymerizatiorPé&takt, 2Péombinatiah ofthe afankitioh-metal compound and the ionizing ionic
compound has a part'&grlrjl!%{l%/ significant effect and is among freferable embodiments. The

af

temperature in the polymefi eré%l%?i?)ﬁ(i?bgﬁ%ﬁ/e%ﬁh’% AfigE HORF SEH°530C And Ppreferably in
a range from 301(0200C, £silo:he emerdzaon presaure e, polyjerization, feaction is run under
the condition of usually normal atmospheric pressure to 10 MPa and preferably normal atmospheric
pressure to 5pvRariEhe palyinerizationrreactien taay he dunin@any ehadatchrsysta®.above,
semi-continuous system and continuous system or may be run in two or more stages differing in
reaction condifiBRC TheGhék ulat weighe bf the fasultrig @opelymixr MdyBeregulatdd asyttheramount
of yrogen angor ROy IIrZaign (SMPEIEite, I the resent vention, n particuler, & partarly
after it is brought into contact with an alkali. Or a part or
all of the purifying process may be omitted to subject the
unreacted non-conjugated cyclic diene again to the
polymerization. |

As the polymerization method used when the polymer based
on nonfconjugatéd cyclic diene of the present invention is
produced, liquid phase polymerization methods such as a
suspensicn polymerization method and sclution polymerization
method may be usually adopted.

Specific examples of the hydrocarbon medium used in the
liquid pelymerization method include aliphatic hydrocarbons
suchaspropane, butane, pentane, hexane, heptane, octane, decane,
dodecane and hexadecane; alicyclic hydrocarbons such as
cyclopentane, cyclohexane, methylcyclopentane andcyclcooctane:
aromatic hydrocarbons such as benzene, toluene, and xylene;
halogenated hydrocarbons such as ethylene chloride,
chlorobenzene and dichloromethane; petroleum fractions such as
gasoline, kercsene and light gas oii or mixtures of these
compounds may be used,

Moreover, olefins used for the polymerization may be used

as the hydrocarbon medium.
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effect is obtained when adopting a continuous polymerization method. Specifically, the polymerization
activity of the catalyst is significantly improved in the production of the polymer based on
non-conjugated cyclic diene. In the present invention, the polymerization reaction mixture obtained
after the polymerization reaction is finished is treated by a usual method to thereby obtain a polymer
based on non-conjugated cyclic diene. If the aforementioned non-conjugated cyclic diene 1,
non-conjugated cyclic diene 2, non-conjugated cyclic diene composition 1 or non-conjugated cyclic
diene composition 2 is supplied to the polymerization or copolymerization inthepresence of the olefin
polymerization catalyteantainring anosdariioaluraimim oxynpempdund angked idnizimg:ionic
compound in the above manner, the polymer based on non-conjugated cyclic diene can be produced
at a high degRL GFpbiyaidrizafion defivity ARatieiRBIYI T the 4 WHER B0 dapslok 6/ Passed
after the non-gong%aé?}%cg Iiactdigge 48 comrpcositjcon %1 or g ig regaredé thte.se compo ition still
exhibit a high aegree of po ymerlzaﬁoﬁ aré(ﬁ\?lty.nlahelroesucftmg pglymrea}rbajéea%% nene n‘? u%@ted

cyclic diene gontains & £aRgaE KR derived from-the,Ror-oniugated cyglic rdigne jnsafatiq gfusually
0.1% by weight or more, preferably in a range from 1 to 90% by weight and more preferably 1 to 70%
by weight. Alsp;ahie zésuitiilg folymenbased dnmarteanrjudated 0CYclimdiede cortainsasepaat unit
derived from a monomer other than the non-conjugated cyclic diene, for example, chain or branched
a-olefins in ant 4ROt bf usually 99.9% by weight or

.The organic aluminum oxy compound is used in such an amount
that the atomic ratio (AL/M) of aluminum (Al) contained in the
crganic aluminum oxy compound to the transition metal (M)
contained in the transition metal compound falls usually in a
range from 10 to 10000 and preferably in a range from 20 to 5000.

The ionizing ionic compound is used in such an amount that
the molar ratio (transition metal compound/ionizing ionic
cempound) of the transitionmetal compound to the icnizing ionic
éompound falls usually in a range from 0.01 to 10 and preferably
in a range from 0.1 to 5.

Alsc, the organic aluminum compound used according to the
need is used in such an ameount that the atomic ratio (All/Alz)
of an aluminum atom (Al') contained in the organic aluminum
compound to an aluminum atom (Al?) contained in the organic
a.luminum oxy compound falls usually in a range from 0.02 to 20
and preferably in a range from 0.2 to 10.

As the polymerization catalyst, a combination of the
transition metal compound and the ionizing ionic compound has
a particularly significant effect and is among preferable
embodiments.

The temperature in the polymerization reaction is usually
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less, preferably in a range from 10 to 99% by weight and more preferably in a range from 30 to 99%
by weight. Examples of the polymer based on non-conjugated cyclic diene include an
ethylene/a-olefin/non-conjugated cyclic polyene copolymer containing 0.1% by weight or more of a
non-conjugated cyclic diene unit and a total of 99.9% by weight or less of ethylene and a-olefin
having 3 to 20 carbon atoms and an ethylene/CC-olefin/non-conjugated cyclic polyene copolymer
containing 0.1% by weight or more of a non-conjugated cyclic diene unit and a total of 99.9% by
weight or less of ethylene, a-olefin having 3 to 20 carbon atoms and an polyene other than the
non-conjugatetFcychicaisnel The mbrthdie Viscosityafid oiRd poRimer Based vrnaentesrjugated cyclic

diene in decaline at135C is_usually 0.005, to 20 dl/g and preferably in a range from 0.01 to 10 dl/g,
though no pa#if?:ula%ryli iitation 1S iﬁ{beogg&%ﬁ?ﬁé %/%Ef)gi’?ypfﬁg ?ﬁﬁﬁodt&ep%@m}ﬁfﬁeatlon

non-conjugategkcyclic diene » 41 noRcongatsd syelic. diene compasition,or poylmer hased;on

non-conjugated cyclic diene of the present invention is useful particularly to produce a polymer based

on non-conj ugatedcychctdiene inFan indusitalSeaid Examptes 1Thepeesant invenioasyil he

- explained in more detail byway of examples, which, however, are not intended to be limiting of the

- present inven{féh. E¥EF masdi§p&&trui oF #eEompotnas Aldit Baverefound by GONMSHGas

Chnﬂnauxﬁa@g%%ﬁsg§§%g%¢”gg%'gggy%§%uous system and continuous system or
may be run in two crmore stages differing in reaction condition.
The molecular weight of the resulting copolymer may be regulated
by the amount of hydrogen and/or polymerization temperatﬁre.
In the present invention, in particular, a particularly high
effect is obtained when adopting a continuous polymerization
method. Specifically, the polymerization activity of the
catalyst is significantly improved in the production of the
polymer based on non-conjugated cyclic diene.

In the present invention, the polymerization reaction
mixture obtained after the polymerization reaction is finished
is treated by a usual method to thereby obtain a polymer based
on nen-conjugated cyclic diene. If the aforementioned
non-conjugated cyclic diene 1, non-conjugated cyclic diene 2,
non—-conjugated cyclic diene composition 1 or non-conjugated
cyclic diene compositicn 2 is supplied to the polymerization
or copolymerization in the presence of theclefinpolymerization
catalyst containing an organic aluminum oxy compound and/or
ionizing ionic compound in the above manner, the polymer based
on non-conjugated cyclic diene can be produced at a high degree

of polymerization activity. Particularly, in the case where

30 days or more passed after the non-conjugated cyclic diene
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The condition of GC accorded to the condition of GLC (gas/liquid chromatography) described below.
An EI method was used for ionization under the following condition: electronic voltage: 70 electron
volts and electron current: 60 micro amperes. Each content of the compounds (A) and (B) was
measured by GLC in the examples. For GLC, GC17A (trade name) manufactured by Shimadzu
Corporation was used as the body and DB-1 (trade name) (0.25 mm x 60 m) manufactured by J&W
Scientific Inc. was used as the column. The INJ temperature was set to 180C, Helium was used as
the carrier gas and the pressure was set to 136 kPa. The sample was injected in an amount of 0.5 gl
and the spritratipowas sehtd 200. Thp cetmmrtenperatireowas sétasfallews 1 42 Fablalbit 2 Step
90 Initial temperature (C) 3 Temperature rise rate (C/ minutes) 180 Final temperature (C) 9 1
Retention tinde [rafutéSInerwas used Ydiedetédtio? T daty Wa% processed by Chromato-pack
C-R3A (trade name)ﬂ%nufactﬂ%% gypglﬂimadz

resu yimer Yasedon non-conjugatedcyclicdiene
contains a repeat unit derived from the non-conjugated cyclic
diene in a ratio of usually 0.1% by weight or more, preferably
in a range frofn 1 to 90% by weight and more preferably 1 to 70%
by weight. Also, the resultingpolymer based on non-conjugated
cyclic diene contains a repeat unit derived from a monomer other
than the non-conjugated cyclic diene, for example, chain or
branched 0—olefins in an amcunt of usually 99.9% by weight or
less, preferably in a range from 10 tc 99% by weight and more
preferably in a range from 30 to 99% by weight. Examples of
the polymer based on non-conjugated cyclic diene inclilude an
ethylene/t-olefin/non~conjugated cyclic polyene copolymer
containing 0.1% by weight or more of a non-conjugated cyclic
diene unit and a total of 99.9% by weight or less of ethylene
and O~-olefin having 3 to 20 carbon atoms and an
ethylene/a—olefin/non—conjﬁgated cyclic polyene copolymer
containing 0.1% by weight'or more of a non—-conjugated cyclic
diene unit and a total of 99.9% by weight or less cf ethylene,
0—-clefin having 3 to 20 carbon atoms and an polyene other than
the non-conjugated cyclic diene.

The intrinsic wviscosity [n] of the polymer based on
non-conijugatedcyclic diene indecaline at 135°Cis usuallylo .005
to 20 dl1/g and preferably in a range from 0.01 to 10 d1/g, though
no particular limitation is imposed on the‘ viscosity.

The method of producing the non~conjugated cyclic diene,
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Corporation. The peaks were separated by an automatic processing method and peaks which have a
first transition angle of 60 or less, an area less than 10 or a gas chromatographic retention time of 40
minutes or more were neglected. The gas chromatographic retention time of each component is as
follows. Table 6 Name of component ENB Compound A Compound B Retention time (minutes) 12.25
12.43 8.00 13.11 Example 1 (Alkali contact treatment) 5-ethylidene-2-norbornene (hereinafter
abbreviated as "ENB", manufactured by Sun Petrochemical Company) Lot 3B02 was 43 used. GLC
analysis using the above non-polar column of this ENB resulted in the detection of a compound which
had a longer metention iinue tith kexankcati g sRoREFRASHTOHPEME & BBy i @& 3-rBrbornene

and showed the following spectrum. From this spectrum, the compound was identified as .. .
5.5 cycloneB TSR RO e CTR D ac A Pty the St Ch e Of & Soven ohd

e s?f‘ﬁ%?ure orf a% seven-méembered

cyclic triene hydracarhan), Tahle 7 Mass-spectiin:2d.39:.65.51,Relative 5a1ie 4000, 328,64 446 Also,

GLC analysis'using the above non-polar column resulted in the detection of a compound which had a
longer diene in an industrial scale.

Examples

The present invention will be explained in more detail
byway of examples, which, however, arenot intendedtobe limiting
of the present invention.

Each mass spectrum of the compounds A and B were found
by GC-MS (Gas Chromatography Mass Spectrometry analysis).

The conditicn of GC accorded to the condition of GLC
(gas/liguid chromatography) described below.

An EI method was used for ionization under the following
condition: electronic voitage: 70 electron volts and electron
current: 60 micro amperes.

Each content of the compounds (A) and (B) was measured
by GLC in the examples.

For GLC, GC1l7A (trade name) manufactured by Shimadzu
Corporation was used as the body and DB-1 (trade name) (0.25
mm X 60 m) manufactured by J&W Scientific Inc. was used as the
column. The INJ temperature was set to 180°C, Helium was used
as the carrier gas and the pressure was set to 136 kPa. The
sample was injected in an amount of 0.5 Ul and the sprit ratic

was set to 200. The column temperature was set as follows.
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retention time than 5-ethylidene-2-norbornene and a shorter retention time than normal decane and
showed the following spectrum. From this spectrum, the compound was identified as 2-ethyl
idene-bicyclo-[3.2.1]-oct-3-enewhich is represented by the following formula (V1) (corresponds to the
conjugatedpolyene compound (B)having an eight-membered bicyclic hydrocarbon structure). (VI) 44
Table 8 Mass spectrum 80 27 119 41 91 134 Relative ratio 1000 709 321 294 294 294 This ENE was
subjected to GLC analysis, to find that the ratio (Wa/Wd) of the amount of the compound (A) having a
seven-membered cyclic triene hydrocarbon structure to the amount of ENE was 9.5 x 10-6 and the
ratio (Wb/Wd) of the amount of the conjugated polyene compound (B) having an eight-membered
bicyclic hydrocarbon structure to the amount of ENE was 135 X 10-1. 150 ml of this ENE was mixed
with 50 ml of &@re®du? 0.1 N NaOH and the mixture was stirred for 5 minutes, followed by separating
and this operation was repeated three times. Next, this ENE which had been brought into contact with
agqueous NaoH—was-mixet-with-50-mtoftonexchange %}Idf@[l’ and the mixture was stirred for 5
minutes, fol %_%d by separating and this opgration wasrepeated three times to obtain alkali-contact
treated ENE"THiS"process was reépeated TIve tigaes to obtain a total of 700 ml of alkali-contact treated
ENE (1). Initial temperature (°C)

- 3
Temperature rise rate (°C/ minutes)

- 180
Final temperature {°C) .

9 |

Retention time (minutes)

FID was used for detection. The data was processed by
Chromato—pack C-R3A (trade name) manufactured by Shimadzu
Corporation.

Thepeakswereseparatedbyeu1automaticprocessingn@thod
and peaks which have a first transition angle of 60° or less,
an area less than lO.or a gas chromatographic retention time
of 40 minutes or more were neglected.

The gas chromatographic retention time of each component

is as follows.

Table 6

Name of component ENB Compound A | Compound B
Retention time (minutes) | 12.25 l 12.43 8.00 13.11
Example 1

(Alkali contact treatment)
5-ethylidene-2-norbornene (hereinafter abbreviated as

“ENB”, manufactured by Sun Petrochemical Company) Lot 3BG2 was
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(Distillation) An Oldersho 15-stage batch system distiller was used. 540 g of the above ENE (1) was
charged to the distiller to start heating under the condition of a top pressure of 10.6 kPa. First, ENE
(1) was distilled under a reflux ratio (rr) of 10 to discharge 27 g of the fraction. Then, the rr was
changed to 3 to continue distillation until the amount of the residue was 54 g, to obtain 45 459 g of
ENB(2). Wa/Wd and Wb/Wd of this ENB were 3.2 X 10-6 and 13 x 10-6 respectively. (Polymerization)
A 2 1 stainless autoclave in which the atmosphere was fully replaced by nitrogen was charged with
884 ml of heptane from which impurities were eliminated and 16 ml of the above ENB (2) at 23C.
Next, this auté&Rffe was charged further with 17 N-1 of propylene and the mixture was heated to 80C

where ethylene Was Elred sugg tg%t the Ci’gfc))?t Qhres ureeb%coaﬂn Q-8 MPa, Next, Q. 2 mnokeh
&d force

triisobutylaluminum was ifst a e autoclave and then 0.1 ml (0.001 mmol) of a

hexane solution; Gentaiing,0-0ldmmoldofon of a compound which had a longer
dimethyl(t-butylamido)(tetramethyl-fly-cyclopentadienyl)sila ne]titanium dichloride and 1.0 ml (0.002

mol/ml) of a tekreaetsantion oétriphenylcarbemiuatidtrakispentafio orsptisiydo ofdegnianfactured
by AsahiGlassCompany) were forcedly added in the autoclave se)%)arate A]‘ter

triphenylcarbérigifitetkaikispentariis HGHate FASRTeddly attied Cthe b vas™
polymerized for. 20 t'lqgtsessgggt@r@rﬁsuEceh%etégﬁﬁo%c{ﬁﬂh%@é%@iéﬂ@i@” yypsypaintained by

1,3,5-cyclcoheptatriene (corresponds to the compound (A) having

the structure of a seven—membered cyclic triene hydrocarbon) .

Table 7
Mass spectrum 91 39 65 51
Relative ratio 1060 328 164 146

Also, GLC analysis using the above non-polar column
resulted in the detection of a compound which had a longer
retention time than 5-ethylidene-2-norbornene and a shorter
retention time than normal decane and showed the following
spectrum; From this spectrum, the compound was identified as
2—ethylidene—bicyclo~[3.2.1]—0ct—3—enewhichisrepresentedby
th@followingformula(VI)(correspondstotheconjugatedpolyene
compound (B)having an eight-membered bicyclic hydrocarbon

structure) .

< (VI
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adding ethylene and the temperature was kept at 80C during polymerization. After 20 minutes, 3 ml of
methanol was pressed in the autoclave by using nitrogen to stop the polymerization. As a result, 57 g
of an ethylene/propylene/ENB copolymer having an ethylene content of 62 mol%, an iodine value of
23,0/100 g and an intrinsic viscosity of 3.2 dl/g was obtained. 46 Comparative Example 1 Ethylene,
propylene and ENB were copolymerized in the same manner as in Example 1 except that as the
above ENB, ENB subjected to neither alkali-contact treatment nor distillation was used in place of
ENB(2) (namely, a commercially available one was used as it was) . As a result, 20 g of an
ethylene/propytdriefERIE copolymer having an ethylene content of 54 mol%, an iodine value of 27

- g/100 g and an intrinsic viscosity of 2.3 dl/g was obtained. Comparative Example 2 (alkali-contact
treatment) 150 ml of ENB was mixed with 50 ml of an.aqueous 0. 1N NaOH. The mixture was stirred
for 5 minutes Metiowwerdryy separdfing | tredfment ah@l this pfbcess wis rd pekiéd three times. Next, the
ENB brought rataxceniaet with agaeous NeOH wagsimixed2@ith $0 194 of ioregexchange water. The
mixture was stirred for 5 minutes, followed by separating treatment and this process was repeated
three times to obtain an alkali-contact treated ENB(3) (Polymerization) Ethylene, propylene and ENB

were copolymerized in the same manner as in Example 1 except that the above ENB(3) was used in
place of ENB(2) . As g%@% ﬁao? ﬁ.‘ilbj ected to GLC analysis, to find that the

ratio (Wa/Wd) of the amount of the compound (&) having a

seven-memberedcyclictriene hydrocarboen structure to the amount
of ENB was 9.5 X 107® and the ratic (Wb/Wd) of the amount of
the conjugated peclyene compound (B) having an eight-membered
bicyclic hydrocarbon structure to the amount of ENB was 135 X
1078,

150 ml of this ENB was mixed with 50 ml of aqueous 0.1
N NaOH and the mixture was stirred for 5 minutes, followed by
separating and this operation was repeated three times. Next,
this ENB which had been brought into contact with agqueocus NaCH
was mixed with 50 ml of ion exchange water and the mixture was
stirredforfﬁminutes,followedknrseparatinganuithisoperation
was repeated three times to obtain alkali-contact treated ENB.
This process was repeated five times tc obtain a total of 700
ml of alkali-contact treated ENB (1).

(Distillation)

An Oldersho 1l5-stagebatchsystemdistillerwas used. 540
gof the above ENB (1) was charged to thedistillertostart heating
under the condition of a top pressure of 10.6 kPa. First, ENB(1l)
was distilled under a reflux ratio (rr) of 10 to discharge 27
g of the fraction. Then, the rr was changed to 3 to continue

distillation until the amount of the residue was 34 g, to obtain
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ethylene/propylene/ENB copolymer having an ethylene content of 62 mol%, an iodine value of 24
9/100 g and a intrinsic viscosity of 3.0 dl/g was obtained. Example 2 47 (Aqueous NaOH treatment)
As a non-conjugated cyclic diene, 5-ethylidene-2-norbornene (hereinafter abbreviated as "ENB")
manufactured by Sun Petrochemical Company) Lot 3KOI was used. The actual content of ENB was
99.48 wt%. Also, the compound A was contained in such an amount that Wa/Wd was 15 x 10-6 and
the compound B was likewise contained in such an amount that Wb/Wd was 65 x 10-6 . A drum

having a capacity of 1000 Land equipped with a stirrer was charged with 450 L of the above.ENB and
150 L of aquébds ®. 2 NMEDM) Thelfrikiiteanss Shrfddifa? & 0-miruteSB Wik liowed to Stand and

then, agueous NaQH was discharged. This qperation for treating ENS was repeated three times. ENB
was leftin thiFdrunt ifto hicﬁ?gBi%fwe%

ion e&éhange water was poured. The mixture was stirred for
10 minutes, was alloyued 19 stang and then the water phase was discharged. This operation for
treating ENB was repeated three times. (Distillation 1) The organic phase withdrawn in the above step

“(treatment with aqueaus Na©H)nias: subjented tv distillafiois Fohthe tistifdtiencardistiffiet Was used
which was made of SUS304, had a tower diameter of 305 mm and a tower height of 13 m and was

packed with WA p&EKINGY cBAEEEGIIING I 30" 1468 ENB L S FL WS <tipphigh &t a7dlte of 200

kg/h, and a ll%@{%%t?rgpurities were eliminated and 16 ml of the above ENB(2)

at 23°C. Next, this autoclave was charged further with 17 N-1
of propylene and the mixture was heated to 80°C where ethylene
was added such that the total pressure became 0.8 MPa. Next,
0.2 mmol of triisobutylaluminum was first added forcedly in the
aﬁtoclave, and then 0.1 ml (0.001 mmol) of a hexane solution
containing ¢.01 mmol/mil of
dim@thyl(t—butylamido}{tetramethyi—nS—cyclopentadienyl)sila
nejtitanium dichloride and 1.0 ml (0.002 mol/ml) of a toluene
solution of triphenylcarbeniumtetrakis (pentafluorophenyl)
borate (manufacturedby Asahi Glass Company) were forcedly added
in the autoclave separately. After
triphenylcarbeniumtetrakis (pentafluorophenyl) borate was
forcedlyadded,thendxturewaspolymerizedfor20nﬁnutes. The
pressure set just after the forced addition was maintaineéd by
adding ethylene and the temperature was kept at 80°C during
pclymerization. After 20 minutes, 3nﬁ_ofﬁnethanoi_waS'pressed
in the autoclave by using nitrogen to stop the polymerization.
As a result, 57 g of an ethylene/propylene/ENB copolymer having
an ethylene content of 62 mol%, an lodine value of 23 .g/10C g

and an intrinsic viscosity of 3.2 dl/g was obtained.
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was withdrawn from the top of the distiller at a rate of 10 kg/h anda heavy fraction was withdrawn from
the bottom of the distiller at a rate of 190 kg/h. At this time, the pressure of the tower top was reduced
to 80 torr and the amount of a reflux was 80 48 kg/h. At this time, the temperature of the tower bottom
was 88C. (Distillation 2) Using the same distiller as above (distillation 1) , the ENB withdrawn from
the tower bottom in the above distillation (distillation 1) was supplied at a rate of 50 kg/h, and a light
fraction was withdrawn from the top of the distiller at a rate of 45 kg/h and a heavy fraction was
withdrawn from the bottom of the distiller at a rate of 5 kg/h. At this time, the pressure of the tower top
was reduced te8ddottdnadtheampunt of a reflux was 100 kg/h. At this time, the temperature of the
tower bottom was 84C. In the fraction (hereinafter referred to as ENB(4)) withdrawn from the tower
top, the compound AR é6ntained $PBLER DA ENRIAEEVPNd WER B 18-6%ahB neA&impound

B was contained in such.an amount that Wb/\WWd wa 6. ont| S merization) ENB(4)
(one obtained B &fimatfy X AW bGiling ot f%llc?%n angla r% r%! bg:l%}%fractlan r%%ngthe

above ENB(4) ;affer washing with NaQH) was used, AeHe Eﬁ%t@"ﬂwmatqaﬁa@s@soh%%L and

equipped with a stirrer was used to run polymerization. The temperature was kept at 80C and the
liquid level was ket stichihattheolumenas the liguicbwas 100 4] 1o rar polaidrzation byea
continuous method.
used as it was). As a result, 20 gof an ethylene/propylene/ENB
copolymez: having an ethylene content of 54 mel%, an iodine value

of 27 g/100 gand an intrinsicviscosity of 2.3 dl/gwas obtained.

Comparative Example 2
(alkali-contact treatment)

150 ml of ENB was mixed with 50 ml of an aguecus 0.1N NaOH.
The mixture was stirred for 5 minutes, followed by separating
treatment and this process was repeated three times. Next, the
ENB brought into contact with agqueous NaOH was mixed with 50
ml of ion exchange water. Themixturewas stirred for Sminutes,
followed by separating treatment and this process was repeated
three times to obtain an alkali-contact treated ENB(3).
(Poilymerization)

Ethylene, propylene and ENBwere copelymerized in the same
manner as in Example 1 except that the above ENB(3) was used
in place of ENB(2). Aé a result, 48 g of an
ethylens/propylene/ENB copolymer having an ethylene content of
52 mol%, an iodine value of 24 g/100 g and a intrinsic viscosity

of 3.0 d1/g was obtained.

Example 2

47



In the reaction, (t-butylamido)dimethyl(tetramethyl-TI 5-cyclopentadienyl)sila
netitaniumdichloridewasusedasamaincatalyst, (C6H5)3CB(C6F5)4 was used as a co-catalyst and
triisobutylaluminum (hereinafter 49 noted as TIBA) was used as an organic aluminum compound.

The supply condition of the raw materials are as follows. Table 9 Hexan Ethylene Propylene ENB
Hydrogen Main catalyst Co-catalyst TLBA e kg/h kg/h kg/h kg/h NVh mmol/h mmol/h mmol/h 22.8 3.7
3.86.2200.16 0.48 2.0 From the obtained polymer solution, a resin was obtained by steam
stripping. In the obtained resin, the content of ethylene was 62.2 mol%, the content of propylene was
30.2 mol%, th&*eorereof ENB WasF B/t and ML(1+4) 100C was 56. The yield per hour was 6.0

kg. Comparative Exar}Q le 3 %Aqueous Naqﬂeéreat@%g% iglqgn-conjugated cyclic diene,

5-ethylidene-2-norborn né (Hefle"imr?a%ejrua%%rewat%% as "ENB", manufactured by Sun Petrochemical

Company) Lot 3K03 yvassksed. » The astiaheaatentof ENB wes %88 4% AMsel the campound A
was contained in such an amount that Wa/Wd was 15 X 10-6 and the compound B was likewise

contained in sushiaframonatithat Ve WasBEX106: 1A demndeying-a tapaeiy ot 009ed and

equipped with a stirrer was charged with 450 L of the above ENB and 150
The actual content of ENB was 99.48 wt%. Also, the compound

A was contained in such an amount that Wa/Wd was 15 X 107% and
the compound B was likewise contalned in such an amount that
Wo/Wdwas 65x107%. Adrumhavingacapacityof 1000 Landequipped
with a stirrer was charged with 450 L of the above ENB and 150
L of agueocus 0.1 NNaOH. The mixture was stirred for 10 minutes,
was allowed to stand and then, agueous NaOH was discharged. This
operation for treating ENB was repeated three times. ENB was
left in this drum, into which 150 L of ion exchange water was
poured. The mixture was stirred for 10 minutes, was allowed
to stand and then the water phase was discharged. Thisoperation
for treating ENB was repeated three times.

(Distillation 1)

The organic phase withdrawn in the above step (treatment
with agueous NaOH) was subjected to distillation. For the
distillation, a distiller was used which was made of SUsS304,
had a tower diameter of 305 mm and a tower height of 1.3 m and
was packed with IMTP packings corresponding to 30 stages. ENB
Lot 3K01 was supplied at a rate of 200 kg/h, and a Light fraction
was withdrawn from the top of the distiller at a rate of 10 kg/h
anda heavy fractionwaswithdrawn fromthebottomof the distiller
at a rate of 190 kg/h. At this time, the pressure of the tower

top was reduced to 80 torr and the amount of a reflux was 80
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L of aqueous 0. 1 N NaOH. The mixture was stirred for 10 minutes, was allowed to stand and then,
aqueous NaOH was discharged. This 50 operation for treating ENB was repeated three times. ENB
was left in this drum, into which 150 L of ion exchange water was poured. The mixture was stirred for
10 minutes, was allowed to stand and then the agueous phase was discharged. This operation for
treating ENB was repeated three times. (Molecular sieve treatment) The organic phase recovered in
the above process (aqueous NaOH treatment) was treated using a molecular sieve. A 50 L SUS
container was packed with 50 L of a molecular sieve 4A. ENB was supplied to this container at a rate

of 50 L/h to cagryrout molecular siene treaipentdmn this ENBs the cempound £-wWaswcontainad in such
an amount that Wa/Wd was 13 x 10-6 and the compound B was contained in such an amount that
Wb/Wd was 68310-6 (hereinafter referred to as ENB(5)). (Continuous polymerization 1) ENB(5) (one
obtained by treating with the molecular sieve 4A after washing with NaOH) was used. A SUS reactor
having a capHtity 'of 368 1-8Rd &§uipped with a stirrer was used to run polymerization. The

temperature was keptat 80C.and ihe liauid Jleyehwas kent such thaf fae yohima ghthe liauidavas 100

L, to run polymerization by a continuous method. In the reaction,
(t-butylamidojgimethyiiietrametiylis-ayelopentadienyhsitan nefitanivmgichieridevwas used asmamain

catalyst, (C6H5) 3CB (C6F5) 4

"~ (distillation 1) was supplied at a rate of 50 kg/h, and a light
fraction was withdrawn from the top of the distiller at a rate
of 45 kg/h and a heavy fraction was withdrawn from the botiom
of the distiller at a rate of 5 kg/h. At this time, the pressure
of the tower top was reduced to 84 torr and the amount of a reflux
was 100 kg/_h., At this time, the temperature ¢f the tower hottom
was 84°C.. In the fraction (hereinafter referred to as ENB(4))
withdrawn from the tower top, the compound A was contained in
such an amount that Wa/Wd was 3 x 107° and the compound B was
contained in such an amount that Wb/Wd was 5 x 107°.
(Continuous polymerization)

ENB(4) (cone obtained by eliminating a low-boiling point
fraction and a high-boilingpoint fraction from the above ENB (4)
after washing with NaOH) was used. A SUS reactor having a
capacity of 300 L and eguipped with a stirrer was used to run
polymerization. The température was kept at 80°C and the ligquid
level was kept such that the volume of the liquid was 100 L,
to run polymerization by a continuous method.

In the reaction,

(t-butylamido)dimethyl (tetramethyl-n°~cyclopentadienyl)sila
netitaniumdichloridewasusedasamaincatalyst, (CgHs)CB(CsFs) 4 -

was used as a co~catalyst and triisobutylaluminum (hereinafter
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was used as a co-catalyst and triisobutylaluminum (hereinafter noted as TIBA) was used as an
organic aluminum compound. 51 The supply condition of the raw materials are as follows. Table 10
Hexane Ethylen Propylene ENB Hydrogen Main catalyst Co-catalyst TIBA e kg/h kg/h kg/h kg/h NUh
mmol/h mmol/h mmoUh 22.8 3.7 3.8 6.2 20 0.28 0.84 2.5 From the obtained polymer solution, a resin
was obtained by steam stripping. In the obtained resin, the content of ethylene was 62.4 mol%, the
content of propylene was 29.8 mol%, the content of ENB was 7.8 mol% and ML(1+4) 100C was 55.
The yield per hour was 5.9 kg. It is understood that if it is intended to obtain a polymer having the
same propertiesasdn Exampia 2, itiss nesessary tamakeythe iconeéntrationnofitversatalgst higher than
that in Example 2. (Continuous polymerization 2) ENB(5) (one obtained by treating with the molecular
sieve 4A after washingXith NEOH) SPaslise PTATUT R &0 RaviRg dapadity dF Jool and -
equipped withTaks)Rigegwas used to run polymerization. The temperature was kept at 80C and the
liquid level Was?(ept such that the volume of the liquid was 100 L, to run polymerization by a
continuous method. In the reaction, (t-butylamido)dimethyl(tetramethyl-fly-cyclopentadienyl)sila

Hexan Ethyiéne Propylene | ENB Hydrogen | Main catalyst | Co-catalyst | TIBA
e

kg/h kg/h kg/h kg/h NVh mmokh mmol/h mmol/h
22.8 37 38 6.2 20 0.16 0.48 2.0

From the cbtained polymer soiution, & resin was obtained
by steam stripping.

In the cbtained résin, the content of ethylene was 62.2
mol%, the content ¢f preopyvlene was 20.2 mol%, the content of
ENB was 7.6 mol% and ML (1+4) 100°C was 56. The yield per hour

was 6.0 kg.

Comparative Example 3
{Agueous NaCH treatment)

As a non-conijugated cyclic diene,
S5~ethylidene-Z-norbornene {hereinafter abbreviated as “ENB”,
manufactured by Sun Petrochemical Company) Lot 3K01l was used.
The actual content of ENB was 99.48 wt%. Also, the compound
A was contained in such an amount that Wa/Wd was 15 x 107° and
the compound B was likewise contain@d in such an amount that
Wb/Wdwas 65x10°°. Adrumhavingacapacityof 1000 Landequipped
with a stirrer was charged with 450 L of the above ENB and 130
Lof agqueous 0.1 NNaQOH. Themixture was stirred for 10 minutes,

was allowed to stand and then, agueous NaQHwas discharged. This
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netitaniumdichloridewas used as amain catalyst, (C6H5) 3CB (C6F5) 4 52 was used as a co-catalyst
and triisobutylaluminum (hereinafter noted as TIBA) was used as an organic aluminum compound.
The supply condition of the raw materials are as follows. Table 11 Hexane Ethylen Propylene ENB
Hydrogen Main catalyst Co-catalyst TIBA e kg/h kg/h kg/h kg/h NI/h mmol/h mmol/h mmol/h 22.8 3.7
3.8 6.2200.28 0.84 2.0 From the obtained polymer solution, a resin was obtained by steam
stripping. The yield of the obtained resin per hour was 2.6 kg. It is understood that when running
polymerization in the same condition as in Example 2, polymerization activity is outstandingly low.
Example 3 (Djstiflatiannh) As@a Aea-nohiugdsd cyskc pelyene oot ethyl ddenaRazorbarnene: gsereinafter
abbreviated as "ENB", manufactured by Sun Petrochemical Company) Lot 3KOI was used. The
actual conterit®f ENB WdsL99 48uiito. $e® it kompothd: AWwasTort&ifBa MY SutR BRamadnt that

Wa/Wd (ratio by weight) was 15 X 10-6 and the compaund B was likewise contained in such, an
amount that Wb ratig%%? ﬁéﬁﬁﬁ%aggg Xsf(}-%l.:%or%:jor Vﬁ mﬁgﬁfgeaiStiWas ainlow(?(\j}vhich

e distilla a erwas use

was made of.SU3304,3had 3 tower diameter0E30% min 204 atowes height ofd3 m ang: 53

operation for treating ENB was repeated three times.
(Molecular sieve treatment)

The organic phase recovered in the above process {agueous
NaQH treatment) was treated using a molecular sieve. A 50 L
SUS container was packed with 50 L of a molecular sieve 4A. ENB
was supplied to this container at a rate of 50 L/h to carry out
molecular sieve treatment.

In this ENB, the compound & was centalined in such an amount
that Wa/Wd was 13 x 10™® and the compound B was contained in
such an amount that Wb/Wd was 65 x 107% (hereinafter referred
to as ENB(5)).

(Continuous poiymerization 1)

ENB (5) (one obtained by treating with the molecular sieve
4A after washing with NaOB) was used. A SUS reactor having a
capacity of 300 L and equipped with a stirrer_was used Lo run
polymerization. The temperature was kept at 80°C and the liquid
level was kept such.that the volume of the liguid was 100 L,
to run polymerization by a continuous method.

In the reaction,
(tﬂbutylamido)dimethyl(tetramethylmnswcyciOpentadienyl}siia
netitaniumdichloridewasusedasamaincatalyst, (CegHs)3CB{(CeFs) 4
was used as a co-catalyst and triiscbutylaluminum {(hereinafter

noted as TIBA) was used as an organic aluminum compound.
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was packed with IMTP packings corresponding to 30 stages. ENB Lot 3K01 was supplied at a rate of
100 kg/h, and a light fraction was withdrawn from the top of the distiller at a rate of 10 kg/h and a
heavy fraction was withdrawn from the bottom of the distiller at a rate of 90 kg/h. At this time, the
pressure of the tower top was reduced to 80 torr and the amount of a reflux was 100 kg/h. At this
time, the temperature of the tower bottom was 88C. (Distillation 2) Using the same distiller as above
(distillation 1) , the ENB withdrawn from the tower bottom in the above distillation (distillation 1) was
supplied at a rate of 50 kg/h, and a light fraction was withdrawn from the top of the distiller at a rate of
40 kg/h and a heavy fPactionmasynithtrsia from Thelisotte B tirerdistifeRaCatraté ©F 104&®/h. At this
time, the pressure of the tower top was reduced to 84 torr and the amount of a reflux was 120 kg/h.
At this time, tﬁé?&ﬁpép&ture of the tower bottom was 84C. In the fraction (hereinafter referred to as
ENB(6)) withdrawn from the tower top, the compound A was contained in such an amount that

Wa/Wd (ratio Ii/%f\%\;égl a‘?ﬁ] bﬂEErm 'é'né‘ ﬁ%o 'ﬂf] gn%f %o(\ Lﬂ%gtgywm@g &%l?& Lp[é},{cn an

amount that V (1 eight) was ess thian >. oymerlzcmon A2 1 stainless

autoclave in which-theratmosphere-was-fytly -rept h; by-mitrg ’fi was thargey. with884 'Vh f heptane
. . H}

from which i ,li.%h.nc ck are-eli “.vggfed a-»;m ?Wﬂc abeyve 3 ._.gg\u, at23 u%}?u'em, his-autpclave

was charged f Py witA 47 N-1 384 6.2

thisS
0.34 2.5

From the obtained polymer solution, a resin was obtained
by steam stripping.
In the obtained resin, the content of ethylene was 62.4
mel%, the content of propylene was 2%9.8 mol%, the content of
ENB was 7.8 mol% and ML (1+4) 100°C was 535. The yield per hour
was 5.9 kg. It is understood that if it is intended ﬁo obtain
~a polymer having the same properties as in Example 2, 1t is
necessary to make the concentration of the catalyst higher than
that in Example 2.

(Continuous polymerization 2)

ENB (5) (one obtained by treatingwith themolecular sieve
47 after washing with NaCH) was used.

A SUS reactor having a capacity of 300 L and equippéd with
a stirrer was used to run polymerization. The temperature was
kept at 80°C and the liquid level was kept such that the volume
of the liguid was 100 L, to run polymerization by a continuous
method.

In the reaction,

(t-butylamido)dimethyl (tetramethyl-1’-cyclopentadienyl)sila

netitaniumdichloridewasusedasamaincatalyst, (Cgls);CB (CeFs)g

52



of propylene and the mixture was heated to 80C where ethylene was added such that the total
pressure became 0.8 MPa. Next, 0.2 mmol of triisobutylaluminum was added forcedly in the
autoclave, and then 0.1 ml (0.001 mmol) of a hexane solution containing 0.01 mmol/ml of
[dimethyl(t-butylamido)(tetramethyl-fly-cyclopentadienyl)sil ane] titanium dichloride and 1.0 ml (0.002
mol/ml) of a toluene solution of triphenylcarbeniumtetrakis(pentafluorophenyl) borate (manufactured
by Asahi Glass Company) were forcedly added in the autoclave separately. After
triphenylcarbeniumtetrakis(pentafluorophenyl) borate was forcedly added,the mixture waspolymerized
for 20 minutesa 3 hes qaiessusecset just after thefordediaddifioncwas maintaimed Hoyr addiagsthylene and
the temperature was kept at 80C during polymerization. After 20 minutes, 3 ml of methanol was
pressed in tHe adcheyeTRPAing PftrobErFto stop e pepmefizatdH LAER [ERTRO55 Y of an
ethylene/propylene/ENB copolymer having. an etEyI ne content.of 63.mal%, an ioc¥§ alue of 23
g/100 g and a intrin%@issclggﬁg%f%?f %Wg Was 0 tg?ﬁ%d? a&orr%apta?gtji“\?rep Exaé?ﬁap%% t%%%vrqlgf
propylene angd_ENS were copolymerized in the same manner as in Example 1 except that ENB

~ obtained from the market (ENB manufactured by Sun Petrochemical Company, Lot 3K01) was used
as it was in place of the above ENB(6) . As a result, 30 g of an ethylene/propylene/ENB copolymer
having an ethylesencomentof birépale, apNadingxaddenof RRig/ko0ye andoantingsinsiaIBa viscosity of
2.7 dl/g was obtained.| e )

kg/h kg/h kgh kg/h | NVh mmol/h mmol/h minol/h
22.8 3.7 3.8 62 120 0.28 0.84 2.0

From the obtained polymer solution, a resin was obtained
by steam stripping.

The yield of the obtained resin per hour was 2.6 kg.

It is understooed that when running polymerization in the
same condition as in Example 2, polymerization activity is

cutstandingly low.

Example 3
(Distillaticn 1)

As a non-nonjugated cyclic polyene,
5—ethylidene-2-norbornene (hereinafter abbreviated as “ENB”,
manufactured by Sun Petrochemical Company) Lot 3KO01l was used.
The actual content ¢f ENB was 99.48 wt%. Alsc, the compound
A was contained in such an amount that Wa/Wd (ratic by weight)
was 15 X 107° and the compound B was likewise contained in such
an amcunt that Wb/Wd (ratio by weight) was 65 X 10™®. For the
distillation, a distiller was used which was made of 5US304,

had a tower diameter of 305 mm and a tower height of 13 m and
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Example 4 (Aqueous NaOH treatment) As a non-conjugated cyclic diene, 5-ethylidene-2-norbornene
(hereinafter abbreviated as "ENB") manufactured by Sun Petrochemical Company) Lot 3K02 was
used. The compound A was contained in such an amount that Wa/Wd was 10.5 x 10-6 and the
compound B was likewise contained in such an amount that Wb/Wd was 115 x 10-6. 150 ml of ENB
was mixed with 50 ml of an aqueous 0. 1N NaOH. The mixture was stirred for 5 minutes, followed by
separating treatment and this process was repeated three times. Next, the ENE brought into contact
with agueous NaOH was mixed with 50 ml of ion exchange water. The mixture was stirred for 5
minutes, followedibycseparaiing tfédtert@ndtbis operatiopwasiepeated Othree dies t&HBtain
alkali-contact treated ENB. This process was repeated three times to obtain a total of 430ml of

alkali-contact tSatt i ENET)S iSRtHRR_ME GniRE YA oMWY the 3¢ éh WiFdH & aBbveaqueous
Naon reamedl s RIlEH U B 4D ¥BB detilgd %S(irgsﬂﬁﬁgerd JRelow. ysingan Oldgreho

15-stage batch system g of the above ENB (7) was charged to the distiller to start heating

under the congiion of a19p pressuim oi=k0.A kRa kst fENR (Pl was distibeduunder avef luxratio (rr)
of 10 to discharge 27 g of the fraction. Then, the rr was changed to 3 to continue 56 distillation until

the amount ofthearesidge wWaP 84k fb obtéin 1892 6LENB(8haWa/Mrbang W/ WHDRISSENB were

2.9X 10-6 and ;
top was reduced to 80 torr and the amount of a reflux was 100

kg/h. At ihis time, the temperature of the tower bottom was
88°C.
(Distillation 2)

Using the same distiller as above (distillation 1}, the
ENB withdrawn from the tower bottom in the above distillation
(distillation 1) was supplied at a rate of 50 kg/h, and a light
fraction was withdrawn from the top of the distiller at a rate
of 40 kg/h and a heavy fraction was withdrawn from the bottom
of thedistiller atarate of 10kg/h. At this time, the pressure
of the tower top was reduced to 84 torr and the amount of a reflux
was 120 kg/h. At this time, the temperature of the tower bottom
was 84°C. In the fraction t(hereinafter referred to as ENB(6))
withdrawn from the tower top, the compound A was contained in
such an amount that Wa/Wd {(ratio by weight) was less than 2 X
10°% and the compound B was contained in such an amount that
Wo/Wd (ratic by weight) was less than 2 x 107°%.
(Polymerization)

A2l stainless autcclave inwhich the atmospherewas fully
replaced by nitrogen was charged with 884 ml of heptane from
which impurities were eliminated and 16 ml of the above ENB (6)

at 23°C. Next, this autoclave was charged further with 17 N-1
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9 x 10-6 respectively. (Preparation of the ENB composition) Immediately after that, 50 g of this ENB(8)
was placed into a 100-ml flask with branch which had been purged with nitrogen and into which 5.0
mg of 2,6-di-tert-buthyl-methylphenol and a rotor had been put. Immediately after ENB (8) was placed
into the flask, the contents were agitated with a stirrer for 30 minutes, and the ENB composition(9)
was obtained. (Polymerization 1) Ethylene, propylene and ENB were copolymerized in the same
manner as in Example 1 except that the above ENB composition (9) which had been allowed to stand
for one day after the preparation of the composition was used in place of ENB(2) . As a result, 57 g of

an ethylene/prepylens(ENScopplymes having.an efydens camenbok 64omeité-andedipe sadue of 23

0/100 g and an intrinsic viscosity of 3.2 dl/g was obtained. (Polymerization 2) Ethylene, propylene and
ENB were copalymeidzst uible sdme amnee a8 In BExasple ¢ axeptthdt theMbove BERBE,
composition(9) which had been allowed to stand for 140 days after the preparation_ of the composition

was used in flade BPENEZ) FAL LoRRbitY 57 P BFdH B R1eATOBIehREIFE tEpdmdthaving an
ethylene content or 620006, andgdineyaluc,of 23 PO g40d ANLBUINSIG yisgosity £f 8.2, 4V0 was
obtained. 57 WHAT IS CLAIMED 1S: 1. A non-conjugated cyclic diene characterized in that it satisfies
at least one of she folloviRg (L)oandu@)1 /m1 of
[dimethyl (t-butylamido) (tetramethyl—n5—cyc.lopentadienyl) sil
ane]titanium dichloride and 1.0 ml {0.002 mol/ml) of a toluene
solution of triphenylcarbeniumtetirakis{pentafluorophenyl)
borate (manufacturedby asahi Glass Company) were forcedly added:
in the autoclave separately. After
triphenylcarbeniumtetrakis(pentafluorophenyl) borate was
forcedly added, themixture was polymerized for 20 minutes . The
pressure set just after the forced addition was maintained by
adding ethylene and the temperature was kept at 80°C during
polymerization. After 20 minutes, 3 ml of methanol was pressed
in the autoclave by using nitrogen to stop the polymerization.
As a result, 55 g of an ethylene/propylene/ENB copolymer having

an ethylene contént of 63 mel%, an iodine value of 23 g/100 g

and a intrinsic viscosity of 3.1 dl/g was cbtained.

Comparative Example 4

Ethylene, propylene and ENBwere copolymerized in the same
manner as in Example 1 except that ENB cbtained from the market
(ENB manufactured by Sun Petrochemical Company, Lot 3KO01l) was
used as it was in place of the above ENB{(%6). As a result, 30
g of an ethylene/propyiene/ENB copolymer having an ethylene

content of 57 mel%, an iodine value 0f 26 g/100 gand an intrinsic
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(1) it contains a compound (A) having a seven-membered cyclic triene hydrocarbon structure in such
an amount that the ratio Wa/Wd) of the weight (We) of the compound (A) to the weight(Wd) of a
non-conjugated cyclic diene selected from the group consisting of bicyclo [2.2.lhept-2-ene derivatives
having an alkylidene group and bicyclo 2.2.1Jhept-2-ene derivatives having an alkyl group is O or more
and 5 x 10-6 or less; and (2) it contains a conjugated polyene compound (B) having an
eight-membered bicyclic hydrocarbon structure in such an amount that the ratio (Wb/Wd) of the
weight (Wb) of the compound (B) to the weight (Wd) of a non-conjugated cyclic diene selected from
the group consistingsafthicydo $2.2. [fieptr 2were dérbativesihaving an alkylidene group and bicyclo
[2.2.1]hept-2-ene derivatives having an alkyl group is 0 or more and 30 x 10 or less. 2. A
non-conjugated cyclic diene composition comprising the non- conjugated cyclic diene according to
Claim 1 and aﬁx%r;rt}io igaglt. 3. A method of producing a polymer based on non-conjugated cyclic
diene comprising s%pplylng the non-conjugated cyclic diene according to Claim I to the

polymerizatiory grGRI¥MEeLIZAtIONR MsiRAaR §lefin polymerization catalyst containing an organic
aluminum oxy compound and/or an ionizing ionic compound. 4 . A method of producing a polymer

based on non-conjugated cyclic diene comprisingsupplyingdhe non-econjlgated cycliccdiene 58
according to Claim 2 to the polymerization or copolymerization using an olefin polymerization catalyst

containing an STGARIY AkFRMERT DYCSHTRIY ARGEF 4R ForiSiRgABRIETEhIShE S " ENB")

manufactured by Sun Petrochemical Company) Lot 3K(02 was used.
The compound A was contained in such an amount that Wa/Wd was
10.5 X 107 and the compound B was likewise contained in such
an amount that Wb/Wd was 115 x 107¢.

150 zﬁl of ENB was mixed with 50 ml of an agueous 0. 1N NaDH.
The mixture was stirred for 5 minutes, followed by separating
treatment and this process was repeated three times. Nexi, the
ENB brought into contact with agqueous NaOH was mixed with 50
ml of ion exchange water. Themixturewas stirred for Sminutes,
followed by separating treatment and this operation was repeated
three times to obtain alkali-contact treated ENB, . This process
was repeated three times to obtain a total of 430ml of
alkali-contact treated ENB(7).
{Distillation)

On the day fcllowing the day on which the’above agueous
NaOH treatment was carriedout, ENB({7) was distilledasmentioned
below, using an Oldersho 15-stage batch system distiller. 270
goftheabovéﬁNB(?)waschargedtothedistillertostartheating
under the condition of a top pressureof 10.6 kPa. First, ENB(7)
was distilled under a reflux ratio {(rr} of 10 to discharge 27

g of the fraction. Then, the rr was changed to 3 to continue
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5. A method of producing a polymer based on non-conjugated cyclic diene comprising supplying a
non-conjugated cyclic diene selected from the group consisting of bicyclo [2.2.1]hept-2-ene
derivatives having an alkylidene group and bicyclo [2.2.1]hept-2-ene derivatives having an alkyl
group which is obtained by bringing a crude non-conjugated cyclic diene into contact with an alkali
and then removing at least a part of a low-boiling point fraction which is components distilled from the
top of a tower before main fraction and at least a part of a high- boiling point fraction which is
components left non-distilled in a tower after main fraction is distilled to the polymerization or

copolymerizatib tislig: & SlelR pbly kiAo R thta St e8ntamit &n dfgafiGaldrRimih Bk

compound anclr n oiEIoNC cereud £y o gtprodping a0y copiugated gyl diene

polymer comprisifig supplying'a non-conjug e om the group consisting of
bicyclo [2.2.1¢heptiZrene-detivativesiaying an alkylidene group and bicyclo [2.2.1]hept-2-ene
derivatives having an alkyl group composition containing a non-conjugated cyclic diene which is
obtained by bfihgimg aruide: non-confudaiied cyolicakerte amtb contact with an alkali and then
removing at least a part of a Iow-boiling point fraction which is components distilled from, the top of a

tower before main frattiBR &t &t 1okt A&t oFathighbHiny poirtTr&diBATNIER s BdmpBhents left
ol A CLTL 1S, ke Al sn sslendan i g peberialn o
compound ang{gr an{enizing-ionc sompasnd 58-di-tert-buthyl-methylphenol and

a rotor had been put. Immediately after ENB(8) was placed into

the flask, thecontentswereagitatedwithastirrer for30minutes,

and the ENB composition(9) was obtalined.

{(Polymerization 1)

Fthylene, propylene and ENB were copolymerized in the same
manner as in Example 1 except that the above ENB composition(9)
which had been allowed to stand for one day aftexr the preparation
of the composition was used in place of ENB(2}.. As a result,
57 g of an ethylene/propylene/ENB copolymer having an ethylene
content of 64 mel%, an iodine value of 23 g/100 g and an intrinsic
viscosity of 3.2 di/g was obtained.

(Polymerization 2)

Ethylene, propylene and ENBwere copolymerized in the same
manner as in Example 1 except that the above ENB composition(9)
whichhadbeenallowed to stand for 140 days after the preparation
of the composition was used in place of ENB(2). As a result,
57 g of an ethylene/propylene/ENB copcolymer having an ethylene
content of 63mol%, an iodine value of 23 g/100 g and an intrinsic

viscosity of 3.2 dl/g was obtained.
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WHAT IS CLAIMED IS:

1. A non-conjugated cyclic diene characterized in that it
satisfies at least one of the following (1) and (2);
(1) it contains a compound (A) having a seven-membered cyclic
triene hydrocarbon structure in such an amount that the ratio
Wa/Wd) of the weight (Wa) of the compound (A) to the welght (Wd} of
a non-conjugated cyclic diene selected from the group consisting of
bicyclo [2.2.1}jhept-2-ene derivatives having an alkylidene group and
bicycle [2.2.1}hept-2-ene derivatives having an alkyl group is 0 or
more and 5 x 10" or less; and
(2} it conteins a conjugated polyens compound (B) having an
eight-membered bicyclic hydrocarbon structure in such an amount that
the ratio (Wb/Wd) of the weight {(Wb) of the compound (B) to the
weight (Wd) of a non-conjugated cyclic diene selected from the group
consisting of  Dbicyclo {2.2.1lhept-2~ene derivatives having an
lkylidene group and bicyclco {2.2.1lhept-Z-ene derivatives having an

alkyl group is 0 or more and 30 x 10° or less.

2. A non-conjugated cyclic diene composition comprising the non-
conjugated cyclic diene according to Claim 1 and an

antioxidant.

3. A method of producing a polymer based on non-conjugated cyelic diene
comprising supplying the non-conjugated cvelic diene according to
Claim 1 to the polymerization or copolymerization using an olefin
polymerization catalyst containing an organic aluminum oxy

compound and/or an icnizing lonic compound.

1. A method of producing a polymer based onh non-conjugated cyclic diene

comprising supplying the non-coniugated cyclic diene
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according to Claim 2 to the polymerization or copolymerizaticn using
an olefin polymerization catalyst containing an organic aluminum

oxy compound and/or an lonlzing lonic compound.

5. A methed of producing a polymer based on non-conjugated cyelic diene
comprising supplving a non-conjugated cyclic diene selected from the
group consisting of bicyclo [2.2.1lhept-Z-ene derivatives having an
alkylidene group and bicyclo [2.Z.l]lhept-Z~ene derivatives having an
alkyl group which is cbtained by bringing a crude non-conjugated cyclic
diene into contact with an alkali and then removing at least a part
of a low-boiling point fraction which is components distilled from the
top of a tower before main fraction and at least a part of a high-
boiling point fraction which is components left non-distilled in a
tower after main ifraction is distilled to the polymerization or
copolymerization using an olefin polvmerization catalyst containing an

rganic aluminum oxy compound and/or an ionizing ilonic compound.

6. A method of producing a neon-conjugated cyclic diene polymer
comprising supplying a non-conjugated cyclic diene selected from the
group consisting of bicycle [2.2.1]lhept-Z-ene derivatives having an
alkylidene group and bicycle [2.2.1lhept-2Z-ene derivatives having an
alkyl group compesition containing a non-conjugsated cyclic diene
which is obtained by bringing & crude non-conjugated cyeclic diene
into contact with an alkali and then removing at least a part of a
low-boiling point fraction which is components distilled from the top
of a tower before main fraction and at least apart of a high-boiling
point fraction which is compeonents left non—distilled in a tower after
main fraction is distiiled and an antioxidant to the polymerization
or copelymerization using an  olefin polymerization catalyst
containing an organic aluminum oxy compound and/or an ionizing

ionic compound.
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