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 automobifee AodiETdR TEDEs, industrial rubber products, insulating
materials, civil and construction materials and rubber products such as gummed clothes and also

widely used %@M@ﬁ§§Q6TE@ b@ﬁéi%@%itﬁIﬁé@ics%ﬁ%@@ﬁ&%ﬁ%y%%@%p%%mene. In the
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cyclic diene at a high degree of polymerization activity. Under this situation, the applicant of this case
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BACKGROUND OF THE INVENTION
1. Field of the Invention |

The present invention relates to a non—conlj ugated cyclic
dilene, a nen—conj ugatéd cyclic diene composition and a methed
of producing a polymer based con non-conjugated cyclic diene.
2. Description cof the Related Art

Polymers based on non~conjugated cyclic diene such as
ethylene/propylene/ethylidene norbornene copelymers ar.@ those
which are vulcanizable, are superior in weatherabillity, heat
resistance and ozone resistance and are used for automobile
industrial parts, industrial rubber products, insulating
materials, civil and constructionmaterials and rubbe:f products
such az gummed clothes and also widely used for méterials to
beblendedwithplastics suchasapolypropylene and polystyrene.
In the_ case of manufacturing such a polymer based cn
non~conjugated cyclic diene, there 1s the case where
polymerization activity 1s 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—-conjugatedcyclicdiene at ahighdegreeof polymerization
activity. |

Under this situation, the applicant of this case has
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proposed a method using norbornene or its derivative which are 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 copolymerizimgra sed-eonegated apcicgdieaedyrusing aspecifis crialyst:sysienyisueh as-a
metallocene type catalyst. The inventors of the present invention have made further studies, and as a
result, found t%?&t%%@dﬁb%ﬁ?ﬁb%ﬁ? Fohtamedla 2erioh ReARGaRERG elicidierteinhititsive

polymerization w a spegific caalyst component such as an_organic aluminum oxy compound
and/or ionizing %%%g cc_(i::]r:ngpeo]%urnocJi‘1 alt%sé‘g 0 p%?yr}r%ar{f}e %%%%pg@n? A Rohidthidyatt FcPaiE diene,

and when a ner-coniigated sy alisdiene reduced in the1 amauntaltbat campanent to:lower than a

specific level is used, the activity of polymerization is significantly increased in the pdlymerization and
copolymerizattirréfithelnemednjugatbdy gy clie tidie by usirgya spesiis Iopsaly sk eenporemccontaining
an organic aluminum_ oxy compound and/or ionizing ionic compound, to complete the present
invention, 2 <000-204120) .

A refining method is proposed in which when
dicyclopentadiene 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 or copolymerizing
a non—-clonj ugated cyclicdiene by usinga specific catalyst system
-such as a metallocene type catalyst.

’I‘he.inventors of the present invention have made further
studies, and as a result, found that a specific component
contained in a non-conjugated cyelic diene inhibits
polymerizétion when a specific catalyst component such as an
organic aluminum oxy compound and/or ionizing ionic compound
is used to po}.ymerize or copolymerize a non~conjugated cyclic
diene, and when a non-conjugated cyclic diene reduced in the
amount of that componenﬁ to lewer than a specific level is used,
the activity of polymerization is significantly increased in
the polymerization and copelymerization of the non-conjugated
<yclic diene by using a specific catalyst component containing
an organic aluminumoxy compound and/or ionizing ionic compound,

To complete the present invention.



The inventors have also found that when using a 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-conjugated 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 enablingTthe pradustion:of enpelymer easeshomnamkeenjwgatgdeyeligdigne at a high
~degree of polymerization activity. Another object of the present invention is to provide
anon-conjug&RB RS dtecbRpssiticon diiek crabhsnhd phvdactRpestiafpalymet adedron
non-conjugatgﬁig}!(lcg%diene at amhi%h de%/ree %Ingo!%[merization activity and has high preserving
stability. A furthar o5ject OF tha PreSeit I2RTGH-2 4 brovide™ e mEtR6E BEBlodfiGRS BcdRiier based
on non-conj ygatgd:cycliexdiane aha high degrae,of palymesization Activit when 1ising a spegific
catalyst system. A still further object of the present invention’is to provide a method of producing a
polymer baséd gh-risniddnjugatedreyclirdieté @t adigh tdegreesof palyameszation agtivity when using
a specific catalyst system and also at a high degree of polymerization activity even after 3 the
non-conjugat&ieRAie tisiiel s s ioteti B hllbRgpelivderreased in the polymerization

and copolymerization of the non~conjugated cyclic diene by using
aspecificcatalystcomponentcontaining, forexample, ancrganic
aluminumoxy compound and/or lonizing ionic compound, to complete

the present invention.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a

non-conjugated cyclicdiene enabling the productionof a polymer .
based on non-conjugated cyclic diene at a high degree of
polymerization activity. Ancther object of the present
inventionistoprovideanon-conjugatedcyclicdiene composition
which anables the productionofa polymer based onnon-conjugated
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 ahighdegree of polymerization
activity when using a specific catalyst system. A still further
cbjectofthepresentinvention istoprovideamethodofproducing
& polymer based on non-conjugated cyclic diene at a high degree
of polymerizationactivity whenusinga specificcatalyst system

and also at a high degree of polymerization activity even after



time. 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/Wd) of the
weight (Wa) of the compound (A) to the weight(Wd) of 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 -desivatives: baving abiatkyl geoup is0 ermoeiand b x10-6raf less:iard (2) it
contains a conjugated polyene compound (B) having an eight-membered bicyclic hydrocarbon
structure-il™&uch an amount that the ratio (Wb/Wd) of the weight (Wb) of the compound (B) to the

weight (Wd) of g nanzcanjugated cyglic d&@g@%%ctediﬁg@ﬁbg&ﬁoupfm%g@ of bicyglo,
[2.2.1]hept-2-ene derivatives having an alkylidene group and bicyclo [2.2.1]hept-2-ene derivatives
having ancaikyl gréep! isc §or imore i3k 406:0rle$s cAlsa,ithe pegsent inventio pravides a

non-conji:]%aateg gxgICO%IeDﬁeCQpPLOlS(I)tIO,n con?f r\lsm%é:l:@?ove non-conjugated cyclic diene and an

antioxidant. Tte presen invention prO\‘}‘Ti%Irelga irst m ’ producing a polymer based on

nhon-conjugated;ayclic diene- semprising supplyipg:tae abovermnon:eonjugated.eyclic diene to, the

polymerization or copolymerization using an olefin 4
cyclic triene hydrocarbon structure in such an amount that the
ratio (Wa/Wd) of the weight (Wa) of the compound (A) to the
weight (Wd) of 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]lhept-2-~ene
derivatives having an alkyl group is 0 or more and 5 x 107° or
less; and

(Z) it contains a conjugated polyene compound (B) having

an eight-membered bicyclic hydrocarben structure in such an
amount that the ratio (Wb/Wd) of the weight (Wh) of the
compound (B} to the weight (Wd) of a non-conjugated cyclic
diene selected from  the group consisting of bicyclo
[2.2.1]hept-Z2-ene derivatives having an alkylidene group and
bicyclo [2.2.1]hept-Z~ene derivatives having an alkyl group is

0 or more and 30 % 10°° or less.

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

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

the polymerization or copolymerization using an olefin



polymerization catalyst containing an organic alumimum oxy 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 compound. The present
inventiopalsprprovides acthirdomethodsaf praducingampelymer based onnonzconjugated eygclic diene
comprising supplying a n?n-conjugated cyclic diene which is obtained by | i C d by bringing a crude e
non-CGf%rﬂﬁgfi%ﬁ CYEH. - .BRe Tritd tontagt with-en AKEFPSHE then removing at least a part of a
low-boiling pointfraction-and, at leasta,part of a:high-bailing ; poiat fraction-tothe palymerization or
copolymerization using an olefin polymerization catalyst containing an organic aluminum oxy
compoufd aAd/orah iopizingploricecompessd! Thenpresentinvention also providéesa fodithrmethod of
producing a polymer based on non-conjugated cyclic diene comprising supplying a non-conjugated
cyclic diélr?éaggn%sﬁ%)rsli ion "con gljhrllr?g éi%%n?é%ﬁ%a?g&E?/gl{lcjéll%i%)g%vcﬂi&}/ls obtal Jeﬁ:‘"ﬁ/ 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.

da



A polymer based on non-conjugated cyclic diene may be 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 methodmfale pisgerdnveationlforgraodedinga palymwerdiased minzadni-conjugatedasyclic
diene, a polymer based on non-conjugated cyclic diene is obtained at a high degree of polymerization

activity and at<d THE mSH-BI5ad&RE SRIE Hiéne SHhibRE Bahigh BEgREe oF Folmetizafien Btivity in
the case of polymezing lhafleL Lipslorey) oL, 2,4909 peuad, oLimg, fecading (o the third method of
' [ e |

the present invéntion Tor producing.a polymer based on non-conjug cyclic diene, a polymer

based on non-conjugaied pycisadiene is.ehitained aliadigirdegrae of polymerizatienastivips Also, the
loss of the non-conjugated cyclic diene is reduced in a series of treatments before the cyclic diene is
pdywmﬂzedﬂﬁﬂﬂﬂﬁé@@ban@mbﬁm@behﬁ@ﬂ9e@@n@ﬁﬁxﬁqaimm@hgdoﬁx@&iﬂﬂﬁheﬁﬁm(ﬁthe
mesentmve%%%£rising supplying 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 ¢f a
low-boiling peint fraction and at least a part of a high-boiling
point fraction te the polymerization or copolymerization using
anclefinpolymerizationcatalysticontaininganorganicaluminum
. oxy compound and/or an lonizing ionic compound.

The present invention alsc provides a fourth method of
producing 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 of a low-bolling
pointfractionandatleastapartofahigﬁ~boilingpointfraction
and an antloxidant toc the polymerization or copclymerization
using an oclefin polymerization catalyst containing an organic
aluminum oxy compound and/or an ionizing ionic compound.

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

catalyst. Alsoc, the non-conjugated cyclic diene composition



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 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 non-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

C
compound ha¥idgRFoRiRakithtddBERAS TR ABR- 2B rfugaRdSRICER A % Prefetsbiiigne
hydrocarbon ound, having preferably 6 co 2Q carbon atoms and more preferably 6. to 12 carbon

B R R T e A PUBR G A0 G, hBugh o

atoms. Examples-of the hon-conjugated cyclic diéne of the présen
particularly ligited49 shicyael2x2. dihept-2=ane deryvatives havipg an alkylidene group such as
5-ethylidenebicyclo[2.2.1]hept-2-ene(5-ethylidene-2-norborn ene),
5-ethylidene-6-methyityelof2 2d |hept=2eng] f5-etmditbne- GadthyHoic et 2 2nt hept-2ranieo n
5-ethylidene-6-isopropylbicyclo[2.2.1]hept-2-ene, 5-ethylidene-6-butylbicyclo[2.2.1]hept-2-ene,
5-n-propylideh8GiERMIS Ak ft-B 8N R5ropTIi e 8 BME R IBIRIGE. Z1fhebt- Zlénae .

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 polymer based on nen—conjugated cyclic diene,
a polymer based on non-conjugated cyélic diene is obtained at
a high degree of polymerization activity and alsc, 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.

Accerding to the third method of the present invention
for producing.a polymer based on non-conjugated cyclic diene,
a2 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
treatmenis 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 pelymer 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
non-conjugated cyclic diene exhibits a high degree of

polymerization activity in the case of polymerizing it after



5-n-propylidene-6-ethylbicyclo[2.2.1]hept-2-ene, S-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[2.2.1]hept-2-ene; bicyclo[2.2.1]hept-2-ene derivatives having an
alkenyl group such as 5 ""e thenylbicyclo [ 2.2.1 ] hept-2 -ene (5 - v inyl - 2 -norbornene) ,
5-propenylbicyclo[2.2.1]hept-2-ene and 5-butenylbicyclo[2.2:1]hept-2-ene; dicyclopentadiene and
cyclooctadiens: Amonrg thesg groups, Rieyejof2=2 1 hept-2-enimderivatives having an alkylidene group
and bicyclo[2.2.1]hept-2-ene derivatives having an alkenyl group are preferable and
5-ethylidene-2-norbornene and 5-vinyl-2-norbornene are most preferable. In the present invention, the

compound having & cycloalkaN A S ST LAk & bark herEUF FUGURho partioutar Imitaton i
imposed on it and 1.3, Bsycloheptaitiens angdhelikesmayhe exemplified, Thatthe pon;conjugated
- cyclic diene contains such a compound having a seven-membered cyclic tfiene hydrocarbon structure
may be confitiretk forexamplei by subjeeting the don-tonjughted ney dicdiepeda GGMG analysis
(Gas Chromatography Mass
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 preseht invention
is a cyclic compound having two unsaturated bonds. This
nen-conjugatedcyclicdiene is preferablyahydrocarbon compound
having preferably 6 to 20 carbon atoms and morelpréferably 6
to 12 carbon atoms. Examplescxfthenonwconjugatedcyclicdiene
of the present invention may include, though not particularly
limited to, bicyclo[2.2.1]hept—2—ene derivatives having an
alkylidene group such as
S-ethylidenebicycle{2.2.1]hept-2-ene (5-ethylidene-2-norborn
ene) , 5—ethylidene—s—methylbicycio{2.2.1jhept-2mene,
S5-sthylidene-6~ethylbicycleo{2.2.1]hept-2-ene,
S5-ethylidene~6~isopropylbicyclo[2.2.1lhept~2~ene,
S5-ethylidene-6-butylbicyclo(2.2.1]lhept-2-ene,
S5-n-propylidenebicyclo[2.2.1l]lhept-2-ene,
S-n-propylidene-6-methylbicyclo[2.2.1]hept-2~ene,
S-n-propylidene-é6~ethylbicycle([2.2.1]hept—2-ene,
S-n-propylidene-6-isopropylbicycleo{2.2.1]hept-2~ene,
5-n-propylidene-6-butylbicyclo[2.2.1]hept-2-ene,

S-isopropylidenebicyclo[2.2.1]hept-2-ene,



Spectrometry analysis) to determine the structure of each 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 1 328 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 Whickribreoping isieomstifuted wheldght cyorhs Bhd2hédéreight atomsforms not a single

ring but double rings. The compounds having such a structure are preferably, though not particularly
~ limited to, coﬁﬂbbﬁﬁ8§%V&b%?ﬁ&ﬁ@%%@%ﬁﬁ}@léact%né orerdyciostisdiene in a part thereof.
Examples of the mRoy y incl -ethyl.idene-bicyclos3.2,1]-oct-3-ene. That the
non-conjugatt—?d 2}%((:({% dieneﬂ ggﬁ@%sésgc%gg %S%jgégge%ygo%ge){nﬁe' Zc[b%ﬁp%ﬁ% %av?nnﬁ;ear?L hd
eight-membekdikicyaisgyticratbon stuekre maydeconfirmeph fg5example,.by subjecting the
non-conjugated cyclic diene to GC-MS analysis (Gas Chromatographic Mass Spectrometry analysis)
to determine heCEgdetlre 8f éddpdmponast Beuivattained. Favérgmslealkenyl group
2-ethylidene-l%i%%loig.2.1]-oct-3-ene has a retention time

T o ar P e R et e e
11&:;_.;‘('1*2*‘611':: (5—vinyl-Z-norbornene) ’

——

S5—~ethenylbicycloi2.2.1
S-preopenylbicycleo[2.2.11hept-2-~ene and
Subutenylbicyclo[z.2;1]hept—2—ene; dicyclopentadiene and
cyclooctadiene. Among these groups, bicyclo(2.2.1l]hept-2-ene
derivatives having an alkylidene group and
bicyclof2.2.1]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
sévenfmemberedwcyclic.triene hydrocarbon structure is.
preferably a compound having a cycleoalkatriene structure in at
least a part therecof though no parti;u}.ar limitation is imposed
onitahdl,3,5—cycloheptatrieneandthelikemaybeexemplified.
That the honmconjugated cyclic diene contains such a compound
havingwiseven-memberedcyclifztrienehydrocarbonstructurenmy
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
component tobecontained. Forexample, 1,3,5-cycloheptatriene
has a retention time longer than hexane and shorter than

‘5—ethylidene-Z~norbornene in GLC analysis (gas/liquid



longer than 5-ethylidene-2-norbornene and shorter than normal decane in GLC analysis (gas/liquid
chromatographic analysis) 9 using anon-polar column. Then, the structures canbe identified 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 41 91 134 Relative ratio 1000 709 70 321 32 294 29 294
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 is characterized in
that it satisfieshacieascarraptthe followirg (1) ahtn@) 3 herainaitdrrefeedto as Thercohugated
cyclic diene 1"); (1) it contains a compound (A) having a seven-membered cyclic triene hydrocarbon

structure in StUCh*3r-4MBant Hatthe: 1460 T th& WeighRiEPas of e coRpRRRd tAfT the
weight (Wd)f & nan-coniyoated gyelic dieeqds O.ormare ando x 10:8 Qrless preferably g,or more
and less than 5 x 10-6 , more preferably O or more and 4 x 10-6 or less and most preferably 0 or
more and 3 % A0+her less;lawek (2} iteontains 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) &#fHeecampound (B) to the weight (Wd) of a non-conjugated cyclic diene is 0

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 forms
not a single ring but double rings. The compounds having such
a strﬁcture are preferably, though not particularly limited o,

' cempounds having a structure such as bicyclooctene or
bicyclooctadiene inapart thereof. Examplesof these compounds
may include Z2-ethylidene-bicyclo-{3.2.1]~cct-3~ene. That the
non-conjugated cyclic diene contains such a conjugated polyene
compound having an eight-membered bicyclic hydrocarbon
structure may be confirmed, for example, by subjecting the
non-conjugated cyclic diene to GC-MS analysis (Gas
Chromatographic Mass Spectrometry analysis) to determine the
structure of each component to be contained. For example,
Z-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/liquid chromatographic analysis)



10 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) BRATF)FAMSrCTrRdG WRA - aHElkali TorBX4HpIS tamtthends/csageratifrpdricfiesdoving at
least one of a Iﬁw-b%ill_!ngyoént fraction and at least one of a_high-boilin &?oint fraction with _distillation
operation; (3)E0ntaiNs & tonTpSund () HAVING 3 seveR-MEntbdiad SC)? 2 i hyBréearbbn
structure in syeh-an ameuntdhatibe. rafig IWaWd) of the weight {Wa) of the gampoynd (A) to the
weight (Wd) of a non-conjugated cyclic polyene exceeds 5 x 10-6 , for example, in an amount ranging
from 10 x 10-Bab 2€02x 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 (Wd) 6f a non-conjugated cyclic polyene exceeds 30 x
10-6, for exadfghe styarmamburdPrangingffom 35 X119-6 o 460 x 1D-6. 91 134
Relative ratio 1000 | 709470 | 321432 | 294429 | 294+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 cf FID-GLC.

sze non—~-conjugated cyclic diené of the present invention
ischaracterizedinthat itsatisfiesatleastoneof the following
ALY and (2) (hereinafter refereed to as “non—coniugated cyclic
diene 17); |

(1) it contains a compound (A) having a seven-membered
cyclic triene hydrocarbon structure in such an amount that the
ratic (Wa/Wd) of the weight (Wa) of the compound (A) to the weight
(Wd) of a non-conjugated cyclic diene is 0 or more and 5 x 107°
cr less, preferably 0 cor more and less <than 5 X 107% , more
preferably 0 or more and 4 X-l{)’a or less and most preferably
0 or more and 3 x 107% or less; and

(2) it contains a conjugated polyene compound (B) having
an eight-membered bicyclic hydreocarbon structure in such an
amount that the ratio (Wh/Wd) of the welght (Wh) of the compound

(B) to the weight (Wd) of a non-conjugated cyclic diene is 0
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11 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 mere madsprefefably i a tahgesfram H:05 -t HMNaWhen theunireated nom-genjggated
cyclic diene is brought into contact with an aqueous alkali, the aqueous alkali is used in a ratio by
volume of ustBM0360X 16 A00 dnesersably 0D s 10 ¢ 17T 1ive ahtedfednéA-Confugeess cyclic

diene mixture._The cotntact tig1e oéf?e L{I.ptreated non-conju te>g| ;;:clig: diene with the aqueous alkali
is usually 1 t61 Omncﬁlutgsf:gngﬁ? fab y Fto"S50 Mirffites “The'c Ofact?e% &fature is usually in a

range from O to 100@@&a@$gr%ply I9:2:range -fram 2049806, thoughona pagiicular limitation is

imposed on it. When the untreated non-conjugated cyclic diene is brought into contact with the
aqueous alkai; ¢semixtime argyibe stised. 5fter 4ife uatréatedinonseonj@gatead cytlic dienr is brought
into contact with the aqueous alkali, the non-conj ugated cyclic -

The above Wa/Wd and Wb/Wd can be found by GLC analysis.
{(Method ¢f 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 tc as “untreated non-conijugated
cyclic diene” if necessary) which satisfies the following (3)
and (4) intc contact with an alkali, for example, and then by
separating and removing at least cne of a low-boiling point
fraction and at least one of a high-boiling peint fraction with

distillation operation;

{3) 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 weight
(Wﬁ) of a non-conjugated cyclic polyene exceeds 5 X 107% , for
example, in an amount ranging from 10 X 107% to 200 x 107%; and

{4) it contains a conjugated polyene compound (B) having
an eight-membered bicyclic hydrocarbon structure in such an
amount that the ratio (Wh/Wd) of the weight (Wb) of the compound
(B) to the weight (Wd) of a non-conjugated cyclic peolyene exceeds

30 X 10°%, for example, in an amount ranging from 35 X 107% to

400 x 1078,

11



- 12 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 is*ffor&@®treagh lége‘éﬁ%‘ﬁmkkéddﬁmﬁiﬁ selid: alkai.rSpebificdeamnpled of the
solid alkali include insm n exchan e resins, h§drotal e and ion- car ing silica. In the present

1

invention, aftérthe thtreafed %o?im TUg RIS EIRdidne i€ BTGP rito RERELEwith S7F alt@li, it may

be further brogghtintg gontact,with jon 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 brougi®tlid tentantwith iarexchange 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 10to 1 of
the non-conjugated cﬁﬂ’é%ﬁ@hé@h@%‘h‘t’&éﬂ%@%‘gi@dﬂéﬁri%%ﬁ@ coRTsorétabtdineldy

bringing the upntreatergt invention is produced, for example, alkali contact

traatment is first carried o

uuuuuuuuuuuuuuu d cut in which a non-conjugated cyclic
diene (untreated non-conjugated cyclic diene) which satisfy the
s above (3} or {(4) is brodght into contact with an alkali.

Examples of the alkalil used in the contact treatment with
the above crudenon~conjugated eycl icdiene include aquecus NaCH,
aquecus KOH and aqueous ammonia. The concentration of each of
these aquecus alkalis is usually 0.001 N or more and preferably
in a range from 0.05 to 1.0 N.

When the untreated non-conjugated cyclic diene is brought
into contact with an aqueous alkali, the agueous alkali is used
in a ratic 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 aquecus alkali isusually 1l to 100 minutes 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 is brought into contact with the
aqueous alkali, the mixture may be stirred.

After theuntreatednon~conjugatedcyclicdieneis brought

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

12



13 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 100C and preferably in a range from 20 to 80C though no particular limitation is
imposed on it. When the component obtained by bringing the untreated non-conjugated cyclic di t" +
the lkal me into contact with ~~i<c a~' ~ 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-conjugated cyclic

diene is sepajateddfrang the walerplase: i theureggnldRvention. such an operation as mentioned
above, namely the process of the component obtained by bringing the untreated non-conjugated

cyclic diene into contaot with thee atkati iStreaghtdnto contacawithrien 2xthange water Andegeparating

the untreated non-conjugated cyclic diene from the aqueous phase may be repeated plural times.
(Distillation) 3R prodMAibh bfthe FoRSOhHjBgRsd- iR Aithe BRESHRMTY EREteSERL fHYention,

the untreated, non-conjugated cyclic dielr%]%isc rou h_’{1 into gon%gg l\ivli.tha%r%i alkali, and then at least a
part of a low- oﬁlng point fraction and at 1east & pa?t of auhlgﬁ- oiling pomt?ra%ﬁon are removed from
the resulting ¢omPeRgAtSyated cyclic diene from the aqueous phase may be
repeated plural times.

As the alkall, a solid alkali having a low compatibility
with the untreated non-conjugated cyclic diene and with water
may alsoc be used. Specific examples of amethod of usinga 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-carrving silica.

In the present invention, after the untreated
nonwconjugated cyclic diene is brought into contact with an
alkali, it may 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 brought
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
of the non-conjugated cyclic diene. The contact time required

to bring the component obtained by bringing the untreated

13



Here, the low-boiling point fraction in the present 14 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 imeontimugliscdistitatione Whereihdn doth cases; nthe digh-bolingrfraction usualy sontain a
non-conjugated cyclic diene which is a target component. It is to be noted that products obtained by

subjecting a EGRRFETEIAR BV AilbIé HoREERFGRGER B R Fic Hie M iantreate dt porlSomlrteEcyclic

diene) to the foregaing alkali-gontact,_treatment usually coptains low-bojling point impurities, in an |
amount of about%g%ﬁ%%&% Cl)? W%ig% a%%nﬁrlldﬁl-%%ﬁ%g p%?ﬁteirﬁﬁtﬁﬁ%%%n%%mfrﬁgﬁn Ot about 0.01 to

0.05% by weighi: 4 loy-bailiagpoiridraction and-a highyheiling paintefraction gre;usually semoved by

distillation using a conventionally known distilling tower. As the form of the tower, any of a fray type,
irregular packfiysradd reguRP Fadkingssimaye beausetowitkout aiy pralieémm 14 the distifatibaf the

non-conjugated cyclic diene, ,
it.” When the component obtained by bringing the untreated

—~ 4 4 - -~ o -~ 1
1& Lnto contact with the alkali is

non-conjugated cyclic die
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
broughtintocontactwithionexchangewater,thenon—conjugated
cyclic diene is separated from the water phase.

In the present invention, such an cperation 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 inte contact with ion exchange water and
separating the untreated non-conjugated cyclic diene from the
aqueous phase may be repeated plural times.

(Distillation)

In the production of the non—conjugated cyclic diene

according tc 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-boiling point fraction
and at least a part of a high~boiling peoint fraction are removed
from the resulting components.

Here, the low-boiling point fraction in the present

14



there is a fear of denaturing caused by a retro Diels-Alder 15 reaction 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 poi i mqn il oint fractign.are removed, these low-bojling point
fraction and h%%{g%gﬁ%%%%%%}fgacnongé%le{[‘lf%n(%\%edl ?}lc egsr}x;er Braer W‘%ﬁ%@n%%ﬁ& tﬂ@%&ﬁ-ﬁboiling
point fraction mad rhigkdoilingrpaintdractien. it ispreferable-ioyempyesach; ian amouynt 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 weighféfiPenmhtéorjdgdie tyelit diens vithieh top tar§etbefores distilednAlses the alpove
non-conjugated %%%inc diene of the present invention may also be produced by treating the

& feated Fomebhjubafsttdiiic thalfe intfie #OllowARy Riarikes. Speetichlly, the

aforementioned un
ow-baiing poigfeaciog e thaigh-oling RO aian ats fsmaved by distfaton. The. lowsboilng
point fraction and high-boiling point fraction is respectively pre era%?y removed in°an ARMourt 3t 2% by
weight 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
.Fg 1s 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'ﬁhe tower in continuocus distillation, wherein in both cases,
the high—boiling fracticn usually contain a non~conjugated
cyclic diene which is a target component.

It is to be noted that products obtained by subjecting
acommerciallyavailablenon—conjugatedcyciicdiene(untreated
non-conjugated cyclic diene) to the foregoing alkali-contact
treatment usually contains %ow~b0iling 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
conventionally knowndistillingtower. As the formof 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 retro Diels-Alder
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or more, preferably 2 to 20% by weight and more preferably 6 16 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 it is. This is considered to be because the content of the
aforementioneckeomponra Haviegaseveninemberedyeyclie ticasdydrosahonstuughing pag/or the
aforementioned conjugated polyene compound having an eight-membered bicyclic hydrocarbon
structure is srﬁéll.]i%do fHird- 866 folrtis Afrethéds/ of BRbdu Gy hesulyard baser pnadexedniygated
cyclic diene a%%r%in J:toltehe pres nt Bi{)lvekrlltion, a non-conjgcJC%%ted_ cyclic diene (hereinafter referred to
a

as "non-conjugated cyclic disrie 2*} obtained By BARGIRG 2 chid8 hdhdorilgBa e it e into
contact with ag-alkalk i them Y removing.at jeast a patt Q%'%Q‘Ei“{@eo%i&%ﬁ%gé%r@@g gLleasta

part of high-boiling point fraction is used. The non-conjugated cyclic diene in the non-conjuga?ed
cyclic diene 24s s-byclidcompoeng daringrtwaunshtureted bonds. ddtisinen-senjgaied €yelic diene
is preferably a hydrocarbon compound and is a hydrocarbon compound having preferably 6 to 20
carbon atoms ant iR GRSTEferanhPBRG 12 CaFSoFPRBARI AFom 40 t0 100°C 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 tc 60. The reflux
ratio is preferably 0.1 to 50 and more preferably 0.5 to 10.

When the low—boiling‘poiht fracticn and the high-beciling
point fraction are removed, these low-beiling point fraction
and high-bolling point fraction are removed in desired order.
| When removing the low—boilinﬁzpoint fraction and
high-boiling peoint fraction, it is preferable to remove each
in an amount of 0.05% by weight or more, preferably 0.05 to 20%
by welght and more preferably 1 to 10% by weight based on the
weightofthenon—conjugatecyclicdienewhichiseitargetbefdre
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 point fraction and the
high-boiling point fraction are removed by distillation. The
low-boiling point fraction and high-beiling point fraction is
respectively preferably removed in an amount of 2% by weight

or more, preferably 2 to 20% by weight and more preferably 6
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the non-conjugated cyclic diene of the present invention, 17 bicyclo[2.2.1]hept-2-ene derivatives
having an alkylidene group and bicyclo[2.2.1]hept-2-ene derivatives having an alkenyl group are
preferable and5-ethylidene-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-conj ugated cyclic diene include (a) those obtained by distilling
crude petroleum oil, (b) those obtained by cracking and isomerizing petroleum oil, followed by

distilling, (c) t ined;t ' istillaios e iets-Alder reaction and (d) those
obtained by Fu%ﬁ%ﬁ%s%ﬁ?é%%ﬁ%%%ﬁlégw%%%ﬁlfgogrr?eﬁ?a%ﬂg%gancd} ﬁ%ﬁ%ﬁ%ﬁ?&%ﬁé Erude

non-conjugated eyslic/Hiorie, there isthegeasewhere aLospoungsX or a compound Y, for example,
showing the following peaks in GC-MS spectrum exist. Here, the compound X is a compound which
has a retention time 16&jer then hexarmeang shsrer thnnls etidipre-rorbomenedat@AC analysis

'(gas/Ii.q.uid crérogﬁtggcrlaphic .aIy i%using a non-polar column and of Whi(;h the ratio of the
intensities of & Mass sp%%f}ﬁrﬁr}n ?? ﬁ%ﬁﬁo&%ﬁtﬁﬁs?ﬁé’%’ﬁ’ld@aﬂ&%ﬁb@ﬂ‘Fﬁ’%‘ﬂoﬁfi’néj?ﬁole.
Table 318 present invention is supplied to the polymerization or
copolymerization using, for example, an olefin pelymerization
catalyst containing an organic aluminum oxy compound and/or an
ionizing ionic compound, the polymerization actiﬁity is higher
than in the case of usinga commercially available non-conjugated
cyclic diene as it is. This is considered to be because the
content of the afor@meﬁtioned compound having a seven-membered
cyclic triene hydrocarbon structure and/or'the afcrementioned
conjugated polyene compound having an eight-membered bicyclic
hydrocarbon structure is small.

In the third and fourth methgds cf producing a polymer
based on non-conjugated cyclic diene according to the present
invention, a non—conjugated cyclic diene (hereinafter referred
to as “non-conjugated cyclic diene 2”) cbtained by bringing a
crude non-conjugated cyclic diene into contact with an alkali
and then by removingat leastapart 6f low-boilingpoint fraction
and at least a part of high-boiling point fraction is used.

The non-conjugated cyclic diene in the non-conjugated
cyclicdieneZjisacycliccompoundhavingtwo;nmaturatedbonds.
This non-conjugated cyclic diene is preferably a hydrocarbon
compound and is a hydrocarbon compound having preferably 6 to
20 carbon atoms and mbre preferably 6 to 12 carbon atoms. As

the non-conjugated cyclic diene of the present invention,
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Mass spectrum 91 39 65 51 Relative ratio 1000 328 32 164 16 146 14 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 32294 :29 294 29 1294 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-conjugatesicygti¢ dighe? the reompanené isiearitainethia suah-anamaeuntthatthegatie of the
weight (Wx) of the compound X to the weight (Wdd) of the target non-conjugated cyclic diene is
preferably a vaiieBxcaBeing B-3CLle6%m; Iorfsrinple et Afi56fA0iv E6 1620050166, In the

case of the compound. Y, the compound Y is contained in such an amount that the ratio of the weight
(Wy) of the co‘%r.[nlg(o(—:‘ur1n"‘(’jl i fife Weidnt d‘af‘c%éj g "te%%yc%h%dé?é"&a}aﬁbﬁﬁﬁgnﬁ Bftferably a

fhé trgeth

value exceeding 30 1046 aachfak XABPIR, AN 53113 0F 35 X H2-6 OLm0se 200:400: 4.0-Bx less.

Examples of other impurities include those contained in 19 commercially available non-conjugated -
cyclic dienes, igremxainples mymen<ccont@aingCompbdindsistch as perexidesrangasemens :9.;
5-vinyl-2-norbornene in the case of

iimitation is imposed on it.

Here, exaﬁpies of the crude non-conjugated cyclic diene
include the following nonwconjugatéd cyclic dienes.

Specificexamplescfthecrudenonmconjugatedcyclicdiene
include {a) thoée obtained by distilling crude petroleum oil,
(b) those cbtained by cracking and isomerizing petrcleum oil,
followed by distilling, (¢) those cbtained by carrying out
distillationafteraDiels-Alder reaction and {(d) those obtained
by running a Diels-Alder reaction, followed by isomerization
and distillation.

In the crude non-conjugated cyclic diene, there is the
case where a compound X or a compound Y, for example, showing
the following peaks in GC-MS spectrum exist.

Here, the compound X is a compound which has a retention
time longer than hexane and shorter than
S-ethylidene-2-norbornene in GLC analysis (gas/liquid
chromatographic analysis) using a non-polar column and of which

the ratio of the intensities of a mass spectrum in an EI method

shows the value described in the following table.

Table 3
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5-ethylidene-2-norbornene). For example, a commercially available cyclic olefin non-conjugated cyclic
" diene usually contains impurities in a ratio by Weigh- of 100 x , 0-6 - - ------ - - --u +. ci la u | JJU Ui iw
n tU uL iwjLC2, for instance, 1VU x 10 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-conjugated cyclic diene 1 may be exemplif ied 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-conjugc[ 4L }_‘%(I: dligne Wilié‘jl_'llcb beﬁg 'L_nu _ght gétu wrrtactgvlmh-m alkali. When a _
non-conjugated-eyehe-diene-2-obtainedby-Stbjecting—a-commercially-available non-conjugated cyclic

diene (one eREAIRBIthe crud@Pon-cdffidted ciffiEdfone) kibild 4aforementioned 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-conjugated cyclic
diene as itis. The nomeonjugaied cyglic diene? alsg exhibits still highey s palymeyization activity than
a non-conjugated cyclic diene obtained by carrying out refining and the like using 6ther 20 methods.
(Non-conjugédted yglicidiene-cbamposition)ene 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 EI method

shows the value described in the following table.

Table 4
Mass spectrum 20 27 119 41 -9 134
Relative ratio 1060 709270 | 321 +32 | 294 £ 729 | 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-conijugated cyclic diene, the
compound X is contained in such an amount that the ratic of the
weight (Wx) of the compound X to the weight (Wdd) of the target
nonuconjugated cyclic diene is preferably a value exceeding 5
X 107% and, for example, in a ratic of 10 X 10“’5 to 200 x 1075,
In the case of the compound Y, the compound Y is contained in
such an amount that the ratio of the weight (Wy) of the compound
Y to the weight (Wdd) of the target non-conjugated cyvclic diene
is preferably a value exceeding 30 x 107® and, for example, in
a ratic 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 composition according to the present invention is a composition
(hereinafter referred to as "non-conjugated cyclic diene composition 1") comprises 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 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-butgicmpendpiehby, steaiyil@3-eimethytd:diyduekybenzyl:thiaglydelates , for
stearyI-JB-(4-derox -3,5-di-tert-butylphenol) propionate, distearyl-3,5-di-tert-butyl-4-hydroxybenzyl
phosphonate, 2 A 817375 X HIET Dot -HyBrbxy BERAMRL)- 5852 tdsyime roxides and
distearyl(4-h =3-methyl-5-tert-b 1zyl) ) .
2,2'-mgtr(lylezg%%n%th{%ééh-gu&%gggoI , Q%%&?%%e%%(i%ﬁdEt%?t?bﬁyglphenol),
2,2'-methylenébisifir(1- nbtydeyclokaxyb preresol], bis[3,5-bis(4-hydroxy-3-tert-butylphenyl]butyric
acid] glycol ester, 4,4'-butylidenebis(6-tert-butyl-m-cresol) 21
1,1;3-tris(2-methyl-4-Ay@Fogreaerdut@plenybitdamel Ly available cyclic olefin
bls[2-tert-butyé-éﬁmgg%-gé(gifgg rgxc- _itg rt&glgxgsﬁrgﬁg}{ly centains impurities in a

L e 6 ~ : . P, PR
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to 1000 X 10.‘5 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 inthe aforementionedmethod of pioducing
thenon-conjugatedcyclicdiene lmaybeexemplifiedas themethod
in which the crude non-conjugated cyclic r:iiene is brought into
contact with an alkall 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 peint fraction are removed from the non-conjugated

| cyclic diene which has been brought into corntact with an alkali.

Whena non—conj"ugated cyclicdiene2 obtainedby subjecting
a commercially available non~conjugated cyclic diene (one
example ¢f 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-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 ocut refining and the like using other
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Ibenzyl)phenyl] terephthalate, 1,3,5-tris(2,6-dimethyl-3-hydroxy-4-tert-butyl)benzylisocya nurate,
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 estgy+(e-g:5 degree of polymerization: 2 to 10) of
4,4'-butylidenebis(2-tert-butyl-5-methylphenol). Examples of the sulfur type antioxidant include esters
(e.q., pentaetyibmital detialgarydtiopradidreate) ehepobyhnydeie alcdhals (e.g., glycerin, trimethylol ethane,
trimethylol propane, pentaerythritol, trishydroxyisocyanurate) of dialkylthiodipropionate such as
dilauryl-, dimyristyl- 8P&|§f€§ryFBF6b‘P&?a1%§%ﬁd? Ao popisHtRe R en aspoEAl#Ete, lauryl- or

stearyl- th|0p£ ionic acid.. Exam eg of the ghosghorous Iyépe ant| X|dan1 Inc ude trioct % sphite,
trilauryl phosp |tep ]fn&:'ecprﬁosp |te o)) octy?dﬁ@?]yﬁp%ospﬁlte s ‘(;2“}151 it El?ty%ﬁ %

phOSph“e1ﬂﬂhQﬂ¥|ﬂh@ﬁp@8h§@§QHE&Y§9EdhﬁhQﬁﬂgﬂg composition 1”) comprises
the non-ceonjugated cyclic diene (non-conjugated cyclic diene
1) according to the present ihvention and an antioxidant.

Also, a composition comprising the non—-conjugated cyclic
diene 2 and an antioxidant is referred %o 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*ﬁ—(4-hydroxj~3,5~dimtert*butylphenol) prepicnate,
distearyl-3,5-di-tert-butyl-4-hydroxybenzyl phosphonate,
2,4,6—tris(3',5'~dimtert~butyl—é’—hydroxybenzylthio)-l,B,54
triazine,
distearyl(4—hydroxy~3~methyl~5—tert~butylbenzyl)maloﬁate,
2,2’-methylenebis (4-methyl-é6~tert-butylphenol),
4,4'*methylenebis{2;6'~diwtert—butylphenol),
2,2'-methylenebis[6~ {l-methylcyclohexyl)p-cresoll,
bis[3,5~-bis[4-hydroxy-3~tert-butylphenyl]butyric

acidlglycol ester, 4,4'~butylidenebis (6-tert-butyl-m-cresol),
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tris(nonylphenyl) phosphite, distearylpentaerythritol diphosphite, tetra (tridecyl) -1, 1, 3-tris
(2-methyl-5-tert-butyl-4-hydroxyp 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) phosphlte
hydrogenated-4,4'-isopropylidenediphenol polyphosphite,
bis(octviphenyl)/bis[4,4'-butylidenebis(3-methyl-6-tert-but ylphenol)]/1,6-hexanediol diphosphite,
phenyl/4,4'-isbpiopididernedipheralipentaerythfitel xgiphesphite; butylphenyl) butane,
bis(2,4-di-tert-butylphenyi)pentaerythritol diphosphite, bis (2,6-di-tert-butyl-4-methylphenyl)
pentaerythritd idipkossite; @%{Kk*f‘s’db%éw defetidthwtcparyiphehshphiosphite, S phefyiltiisodecyl

phosphite, d|( on rythrlto te tris(1,3-di-stearoyloxyisopropyl) phosphite,
4.4'-isopropyli en%%(?g%pl% jphencﬁ Jfq"ony e’nyl) phosphite,

9,10-di-hydro19-9x8-9-9xa-19- rﬁl%pﬁéeh%a@h@g@r%@ pxige and teirakis (4,4:dijer-butyjahenyl)

-4,4'-biphenylene dlphosphomte Moreover, as other antioxidants, 6-hyxroxychroman 23 derivatives,
for example, naneusetypes of tocopherols such as a, 0, y and S tocopherols or mixtures of these
Compounds’1,3,5—tris(3,S—di—tert—butylwé—hydroxybenzyl)~2,4,6*trimeth
vibenzene,
tetrakis[methylene-3-(3,5~-di~-tert~butyl-4-hydroxyphenyl)pro
pionate]methane,
1,3,5-tris(3,5-di-tert-butyl-4~hydroxybenzyl)}isccyanurate,
1,3,5-tris{ (3,5-di~tert-butyl-4-hydroxyphenyl)propionyloxye
thvl]isocyanurate,

Z2—-octylthio~4,6-di (4-hydroxy-3,53-di-tert-butyl)phenoxy-1,3,
S~triazine and 4,4’'-thiobis(6-tert-butyl-m~cresol) and
peclyvhydric phenol carbonic acid oligo esters such as a carbonic
acid cligo ester (e.g., degree of polymerization: 2 to 10} of
4,4’'-pbutylidenebis (2-tert-butyl-5-methylphencl).

Examples of the sulfur type antioxidant include esters
(e.g., pentaerythritol tetralauryithiopropionate) of
polyhydric alcohols (e.g., glycerin, trimethylol ethane,
trimethylol propane, pentaerythritol,
trishydroxyisocyanurate) of dialkylthiodipropionate such as
dilauryl-, dimyristylw or distearyl-propionate and
alkylthiopropionic acids such as butyl-, octyl-, lauryl- or
stearyl-thioprepionic acid.

Examples of the pﬁosphorous type antioxidant include

trioctyl phosphite, trilauryl phosphite, tridecyl phosphite,
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2,5-dimethyl, 2,5,8-trimethyl or 2,5,7,8-tetramethyl substituted products of
2-(4-methyl-penta-3-enyl)-6-hydroxychroman, 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 I-dri pioesgdnj ugatsdicyelic diehe onapaesitione2 to-bave highdqrtesarving stability.
(Composition, preparation method) The foregoing non-conjugated cyclic diene composition 1 contains
the aforemerﬁ%ﬂéﬁ%ﬁeeorﬁﬁbﬁféeé%%cld?é%?é)il-’aﬁé afifid§daN Tt ARERSIR 1He aRrb@daditis usually

contained in aratlg ofO 1008 PRI, and referab 1to 100 o rg%othe total am unt of the
0

non- conjugated cy fic %‘r'r fa\n an%rpomdant' %Fe% c%ﬁf(l lic diene

composition aﬂgﬁg@%g@eaforementloned non- conjugated cycllc diene 2 and ant|OX|dant wherein
the antioxidant is usually 24 contained in a ratio of 0.1 to 1000 ppm and preferably 1 to 100 ppm to
the total amoust okthenictecehjugated, Sretic dlefi2-methyl-5-tert-butyl-4-hydroxyp

henyl)butane diphosphite, tetra(Ci;—Cis mixed
alkyl)-4,4 ~isopropylidenediphenyl diphosphite,
tetra(tridecyl)-4,4 ' -butylidenebis (3-methyl-6~tert-butylphe
E} nol) diphosphite, tris(3,S—dimtert“butyl—4—hydroxyphenyi)
phosphite, tris(mono/di mixed nonylphencl) phosphite,
hydrogenated-4,4’~isopropylidenediphenol polyphoesphite,
bis (octylphenyl)/bis{4,4’-butylidenebis (3~-methyl-6-tert—but
viphenol)]/1,6-hexanediol diphosphite,
phenyl/4,4’—isopropylidenediphenolfpentaerythritol
diphosphite, bis(2,4-di-tert~butylphenyl)pentaerythritol
diphosphite, |
bis(2,6mdiwtert—butyl—4—methylphenyl)pentaerythritol
diphoéphite,
tris([4,4’'~isopropylidenebis (2~-tert-butylphencl) ]phosphite,
phenyl/diisodecyl phosphite, di(nonylphenyl)pentaerythritol
diphosphite, tris(1,3wdi~stearoy10xyisopropyl) phosphite,
4,4'-isopropylidenebis (2-tert-butylphenol) /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.

Morecver, as other antioxidants, 6-hyxroxychroman
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and the antioxidant. The non-conjugated cyclic diene compositions 1 and 2 each containing the
antioxidant in the above ratio have high preserving stability and are reduced in the drop of
polymerization activity even after stored for a long period of time (for e;xample, 140 days). The above
non-conjugated cyclic diene composition 1 may be prepared by blending th_e above non-conjugated
cyclic diene 1 with the above antioxidant and by stirring the mixture according to the _need. '_I'hfa _
temperature in mixing the both is preferably in a range from 10 to 60C though no particular Ilmltatlo_n
is imposed on it. The above non-conjugated cyclic diene composition 2 may be prepared by blending

the above nordearjugatedecyclitatienramwity thesahoyesantipddagtapd irring the mixture

according to the need. The temperature used when mixing the both is preferably in a range from 10

to 60C thoughho Parfic @8 lifnittierns anpdsecdon it sthed of Praduscing thengalymes based on

' ic_di ' -conj d cyclic
non-conjugat clic_diene) Thg method of producing a polymer based on non-conjugate _
diene accordi?%’%t Jémgr%g%}rtlf in%g%ti(?n %561%%?&’ bré&ess of sUppIyRjtandiovE hon-conjugated

cyclic diene 161519&@@\111@%&9@@“&@@%@, non-conjugated cyclic diene comp(‘)siti.on 1 or
non-conjugated cyclic diene composition- 2 to 25 the polymerization or copolymerization using an

olefin polymetizdtiomesatahyistmentainibg amydrgadicraldmikifa 9X¥man ,
2,2,7wtrimethylMS—tertmbutyl—6~hydroxychroman,
2,2,5~trimethyl-7-tert-butyl-6-hydroxychroman,
2,2,5~trimethylu6—tertwbutyl~6mhydroxychroman and
2,2~dimethyi—5—tertubutylm6—hydroxychroman.may also be used.

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

It is particularly preferable to use rhenol 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 compositicon 1 or
non~conjugatedcyclicdienecompositionztohavehighpreserving
stability.

(Composition, preparation method)

The foregoing non-conjugated cyclic diene composition 1
contains the aforementioned non-conjugate cyclic diene 1 and
antioxidant, wherein the antiocxidant is usually contained in
a ratio of 0.1 to 1000 ppm and preferably 1 tc 100 ppm to the
total amcunt of the non-conjugated cyclic diene 1 and the
antioxidant. The foregoing non-conjugated cyclic diene
compositionZcmntainstheaforementionednonuconjugatedcyciic

diene 2 and antioxidant, wherein the antioxidant is usually
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compound and/or ionizing ionic compound. Examples of olefins other than the above non-conjugated
cyclic diene 1, non-conjugated cyclic diene 2, non-conjugated cyclic diene composition 1 or
non-conjugated cyclic diene L. L .1 Com,pOS4 t1.-0 1 on 2 G which are used for potlymerizatlon 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-conjjugated cycli c diene 1, namely, a

non-conjugateshayciie dignmwhiel gieets cnone afdhecapvsraauiemanis £bxand (2) mayhe
combined. Also, for example, when using the non-conjugated cyclic diene 2 or the non-conjugated
cyclic diene E8pbSiti6A2 dotitainirgipentop-tonryaied cystic Higret2da apniconjugated cyclic
diene other g}la tthg non-gﬁo.nétg[?%ed cyclic diene 2, namely, a non-conjugated cyclic diene may be
combined which has ot Beért s ?égfe‘d to such a series of treatment that it is brought into contact

with an alkal and thep ateas! &.paroka lansboling. Roisheclinn agd t lesstapartota. .

high-boilingpoint fraction are removed. However, among these nonh-conjugated cyclic dienes, those
containing theomdratanjugatedeyatic-dieneddrand 2 inreehigber atie are margwreferaple. As theolefin
polymerization catalyst, any catalyst system 26 may be used without any particular limitation insofar
as it preserving stabllity 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-conj ugated cyclic diene
lwiththe aboveantioxidant andby stirringthemixture according
‘to 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
2withtheaboveantioxidant andby stirring themixture according
Ty tc 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 polymer based on non-conjugated cyclic
diene) |
The method of producing a polymer based on non-conjugated
cyclic diene according to the present inventicn involves a
process of supplying 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 to
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contains an organic aluminum oxy compound and/or ionizing ionic compound. For example, transition
metal compound catalysts comprising a transition metal compound and an organic aluminum oxy
compound and/or ionizing ionic compound are preferable from 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 met&ksn pioe petodicaablerand spegificaiine zireanitimn titanimy oshafliwmniand x denotes a
number meetin% the atomic value of the transition metal. Ls respectively represent a ligand

coordinated Wit thESFAR&TT hetainfhER, SoRdRg Thed8 LA apkastdne Rgami Lurepresents a

group (ligand)having a£yclopentadienyl skeleton and this ligand having a cyclopentadienyl skeleton
may have a subs\%tuent. Exarﬁples of t%ézjﬁgéengrég\%ﬁg %Oén}g?o%%#adienyl skeleton include a
cyclopentadienyl group; adgyl substitused of ey cealev substituted cyslopentadienyl giaups-sich as a
methylcyclopentadienyl group, ethylcyclopentadienyl group, n- or i-propylcyclopentadienyl group, n-, i,
sec- or t-butyfdiricpentagenyl groop veyicyepediadienyl grdipn @ 72qctytoyelepaniagharad group,

dimethylcyclopentadieny] group,
yiey gyc&:fic cﬂgne F2:0mpc>s:i.‘1:j.on 1 or non-conjugated cyclic diene

Or poivmerization or

[

composition 2 which are used
copolymeriéation inthepresent invention include chainolefins,
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—conjuéated cyclic
diene composition 1 containing the non-conjugated cyclic diene
1, 2 non—conjugated cyclic diene other than the non—~conjugated
cyclicdienel, namely, a non—-conjugated cyclic dienewhichmeets
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 nen-conjugated cyclic diene
other than the non-conjugated cyclic 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-boiling
point fractionandat leastapartofa high-beillingpeint fraction
are removed. However, among these non-conjugated cyclic dienes,
those containing the non-conjugated cyclic dienes 1 and 2 in

a higher ratio are more preferable.

Astheolefinpolymerizationcatalyst, anycatalyst system
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trimethylcyclopentadienyl group, tetramethylcyclopentadienyl group, pentamethylcyclopentadienyl
group, methylethylcyclopentadienyl group, methylpropylcyclopentadienyl group,
methylbutylcyclopentadienyl group, iTtet iy lILicxy CyClvpenta.uienyl group,
methylbenzylcyclopentadienyl group, ethylbutylcyclopentadienyl group, ethylhexylcyclopentadienyl
group and methylcyciohexylcyclopentadienyl 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 cyelppertadieny| giotipsiare paytiqrdarty: praferablendben the cormpovad represented by
the above formula (I) has two or more groups having a cyclopentadienyl skeleton as ligand L, two
groups havingPa EfcioehtaicfRsie RicHamieR P MeSegroupsimaEbe bouriwitneabrdther

through an alck(yrlnene‘égcrﬁup gghgsa%hwene Jgndrlloro lene; substituted alkylene rou such as
isopropylidene and ipheny methy}fenéa; sﬁylené%;rosu"‘}‘p;lgpsﬁbes?l eﬁ%rﬁ%g Q%r% 48

dimethylsilylengpdiipheny silvlens andimathdrhenyisiylens, Examples of L ather thanthese ligands -
having a cyclopentadienyl skeleton include a hydrocarbon group having 1to 12 carbon atoms, alkoxy
group, aryloxy=greupsulfodierB acid:contaitig geoup (<303RanHese Rarepmsentsan ko group,

the viewpoint of activity. Preferable examples cof the

transition metal compound may include metallocene compounds of

the group 4 transition metals in the pericdic table.

Examples of the metallocene compcunds of the group 4
transition metals in the periodic table which are preferably
ﬁsed in the pressent invention include the following compounds,

MLzx {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 denctes a number meeting
the atomic value of the transition metal.

Ls respectively represent a ligand ccordinated with the
transition metal wherein, among these Ls, at least one ligand
Lrepresentsagroup(ligand)havimgacyclopentadienyiskeleton
and this ligand having a cyclopentadienyl skeleton may have a -
substituent.

Examples of the ligand having a cyclopentadienyl skeleton
inciude a cyclopentadienyl group; alkyl substituted or
cycloalkyl substituted cyclopentadienyl groups such as a
methylicyclopentadienyl group, ethylcyclopentadieny&.group,rr
or i-propylcyclopentadienyl group, n-, i-, sec— or

t-butylcyclopentadienyl group, hexylicyclopentadienyl group,
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a halogen substituted alkyl group, an aryl group, a halogen substituted aryl group or an alkyl
substituted aryl group), halogen atom or hydrogen atom. Examples of the hydrocarbon group having 1
to 12 carbon 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 alkoxy group includemethoxy, ethoxy, n-propoxy,

isopropoxy, nelatitpXyvisdlgery, sdtdyutdxyr tbptoxii mentoxy chexaxy-artdddtexy. IExampies of the
aryloxy group include phenoxi Examples of the sulfonic acid-containing group (-SO3Ra) include
)

methane sulforitBEpiBIEHE SeRERdR I tiMiorGctiRnc R iiBRRRIRYD BYhicoBER2eHeSionate.

Examples of% _halogen atom include flugrine c%cl) ine, bromine and iodine. Examples of the
transition met fgé%bo%ﬁgé %rgsrij%yczii?%%%ﬁ%éa% éalne é’o]?]t%ﬁf?l‘éljt\?vo ligands having a

cyclopentadienyt skeleton witkhe given belove spedifically, examples of these transition metal
compounds include bis (cyclopentadienyl) zirconium mono chloride monohydride, bis
(cyclopentadieayhvirporvipmi dichlbiden2@ dist¢b-yietbyled:putylcyclopentadienyl)zirconiumbis(trifluoro
methylbutylcyclopentadienyl group,
methylhexylcyclopentadienyl group,
methylbenzylcyclopentadienyl group,
ethylbutylcyclopentadienyl group, ethylhexylcyclopeﬁtadienyl
greoup and methylcyclohexylecyclopentadienyl group, indenyl
: groups,4,5,6,7—tetrahydroihdenylgroupsandfluorenylgroups.

These ligands having a cyclopentadienyl skeleton may be
further substituted with a halogen atom, trialkylsilyl group
.or the like. BAmong 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 having a cyclopentadienyl skeleton among
these groups may be bound with each other through an alkylene
group such as ethylene andpropylene; substituted alkylene group
such as lsopropylidene and diphenylmethylene; silylene group;
or substituted silylene group such as dimethylsilylene,
diphenylsilylene and methylphenylsilylene.

Examples of L other than these ligands having a

cyclopentadienyl skeleton include a hydrocarbon group having

I to 12 carbon atoms, alkoxy group, arvloxy group, sulfonic

28



methanesulfonate), bis(1,3-dimethylcyclopentadienyl)zirconium dichloride,
ethylene-bis(indenyl)dimethylzirconium, ethylene-bis(indenyl)zirconium dichloride,
isopropylidene(cyclopentadienyl-fluorenyl)zirconium dichloride, diphenylsiiyiene-bis(indenyi)zirconium
dichloride, methylphenylsilylene-bis(indenyl)zirconium dichloride, rac-ethylene-bis(2-methyl-I-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-dimethylsitylepe-Bist2 4:6rtigngir-indenyRzirernid 1% dieplpidents an alkyl group,
rac-dimethylsilylene-bis(4-phenyl-I-indenyl) zirconium dichloride,
rac-dimethylsilyieniesbis(2-mudtiayl 4t phieay|dihdenydiziroon iem dichldridesoup, 2 halogen
rac-dimethylsilylene-bis(2-methyl-4-((X-naphthyi)-1-indenyl) zirconium dichloride,

rac-dimethyISIRRS - biEEhethyid4-BEHaphiy IRRina&ly)- Zf S G HERB g RhdIroup) ,
rac-dimethylﬂg/i%rbeégisé%—g)pfgtgy_]-%gdggggxl)-é-%quyl)z 30 irconium dichloride.

Examples of the hydrocarbon group having 1 to 12 carbon
atoms include alkyl groups, cycloalkyl 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; cycleoalkyl groups such as a cyclopentyl group
and cyclohexyl group; aryl groups such as phenyl and tolyl; and
aralkyl groups such as benzyl and neophvl.

Alsc, examplesof thealkoxygroupincludemethoxy, ethoxy,
n-propoxy, isopreopoxy, n-butoxy, iscobutoxy, sec-butoxy,
t-butoxy, pentoxy, hexoxy and octoxy.

Examples of the aryloxy group include phenoxy.

Examples of the sulfonic acid-containing group (—804R?)
inciude methane su.lfonate, p-toluene sulfonate,
trifluoromethane sulfonate and p-chlorobenzene sulfonate.
Examples of the halogen atominclude £luorine, chlorine, bromine
and iodine.

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

| Specifically, examples of these transition metal
compounds include bis (cyclopentadienyl) zirconiummonochloride

monohydride, bis{cyclopentadienyl)zirconium dichloride,
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Also, transition metal compounds obtained by replacing the zirconium metal with a titanium metal or
hafnium metal in the compounds as those mentioned above may be exemplified. In the present
invention, compounds represented by the following formula (II) may also be used as the transition
metal compound. LIM1X2 (Il) wherein M' represents a transition metal selected from the group 4
metals, L1 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 I&ss Germeinium-aieins tAhonglthese campenndy epreseniacby dhe farmuwa £H),
compounds represented by the following formula (11l) are preferable. [Chemical formula1]Z-Y | CP
M (X}2 ... (I1) WHEBAMPrETBEERS titanium, zirconium or hafnium, X is the 31 same as above and

Cp representg,a cyclope lenyl group which, is it-bonded with Ml.and may have a substituent. Z
AR aggéec%gggt%r?ep STANTSHE & ggt%& ]f’r%?ﬁ](l)%/ngg%éﬁfﬁf H3fon and an

represents a ligand containing a
element of grer}4ene~bis (indenyl)dimethylzirconium,
ethylene-bis{indenyl) zirconium dichloride,

isopropylidene (cyclopentadienyl-fluorenyl) zirconium
dichloride, diphenylsilylene-bis(indenyl)zirconium
dichloride, methylphenylsilylene-bis (indenyl)zirconium
dichloride, rac-ethylene-bis (2-methyl-1-indenyl) zirconium
dichloride,
rac~dimethyisilylene—bis(2~me£hyl—l—indenyl)zirconium
dichloride,

rac~dimethylsilyliene-bis (4,7~dimethyl-l-indenyl)zirconium
dichloride, |
rac-dimethylsilylene~bis (2,4, 7-trimethvl-1-indenyl) zirconiu
m dichloride,
rac-dimethylsilylene-bis (2,4, 6~trimethyl-1-indenyl) zirconiu
m dichloride,
raCWdimethylsilYLenembis{é—phenylul—indenyl)zirconium
dichloride,

rac-dimethylsilylene~bis (2-methyl~4-phenyl-1l-indenyl)zircon
ium dichloride,
rac—dimethylsilylenewbis(Z—methylw4~(a—naphthyl)ul—indenyl)
zirconium dichleride,
rac-dimethylsilylene-bis (2-methyl-4- (B-naphthyl)-1l-indenyl)
zirconium dichloride and

rac—dimethylsilylenewbis(2—methyl~4m(l—anthryl)wluindenyl)z
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in the periodic table (e.g.,carbon, silicon, germanium and tin). Y represents aligand having nitrogen,
phosphorous, oxygen or sulfur. Also, Z and Y may form a condensed ring. Specific examples of the
compound represented by the formula (lll) include '
[dimethyl(t-butylamido)(tetramethyl-r]5-cyclopentadienyl)sil ane]titanium dichloride,
[(t-butylamido)(tetramethyl-fly-cyclopentadienyl)-1,2-ethane diyl]titanium dichloride,
[dibenzyl(t-butylamido)(tetramethyl-fly-cyclopentadienyl)sil ane]t-itanium dichloride,
[dimethyl(t-butylamido)(tetramethyl-fly-cyclopentadienyl)sil ane]dibenzyltitanium,
[dimethyl(t-butytesnidextetramety - fy-cyclopentadienyl)sil aneJdimethyltitanium,
[(t-butylamido)(tetramethyl-fly-cyclopentadienyl)-1,2-ethane diyl]dibenzyltitanium,
[(methylamido)(tetraméti®yl-ri5-eysidgeimadieayd-1, Zetranet §yljeirsopeat)/titgnicep, L acing
[(phenylphos h|d tetramethyl -T15-cyclopentadienyl)methylen e]diphenyltitanium,

[dibenzyl(t-b oy AT SR 3i5- %béntsa‘é?]%%ﬁ‘ T2 LA ey fRdmnnetal in

[dimethyl(benzyla n | | IsilvDtitanium
[dImethyl(ph@%p?ﬁ%h%@%%%ﬁgﬁ%@l% Sﬂcﬁ:%gp%%gj:gﬁ%@g %HX;: %Qz eXemplified.

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

LM X, (I1)
wherein M' represents a transitionmetal selected from the group
4 metals, L' represents a derivative of a delocalized @ bond
group and imparts a constrained geometry to the active site of
the metal M' 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 (I},
compounds represented by the following formula {(III) are
preferable.

[Chemical formula 1]

Z Y
/ /
Cp Ml
Kz am

wherein M! represents titanium, zirconium or hafnium, X is the

31



silane]dibenzyltitanium, [(tetramethyl-115-cyclopentadienyl)-1,2-ethanedily]dibenzylt itanium, [2-715-
(tetramethyl-cyclopentadienyl) -1-methyl-ethanolate (2- )]dibenzyltitanium,
[2-115-(tetramethyl-cyclopentadienyl)-1-methyl-ethanolate(2- )] dimethyltitanium, [2-((4a,4b, 8a,
9,9a-11)-9H-fluorene-9-yl)cyclohexanolate(2-)] dimethyltitanium, and [2-((4a,4b, 8a, 9,
9a-11)-9H-fluorene-9-yl)cyclohexanolate(2-)] 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 combinatians aftvedormared(Opgaric mdsminum axyyeohapeiric) I herorfamicoald min i ahoxy
compound forming the olefin polymerization catalyst according to the present invention may be
conventionallir%n’&ﬁﬁ?&lﬁﬁﬁn&%d‘%é 8 adehZBAE-IRDIbIE STHRATREIATHUM oxy compound (see, for

example, the publicationr of JPéénr}zo. 257§6-87Q' ghe cg\%r}_tignall ‘%‘(EO n allkmingxan;is represented
by the 33 following formueigff) or i specﬁ%a y. f(?hemicallf% mu a% I@-,ﬁf) \T F... (1)

selected from oxygen, sulfur, boron and an element of group 14
intheperiodictable (e.g., carbon, silicon, germaniumand tin) .

Y represents a ligandhavingnitrogen, phosphorous, oxygen
or sulfur.

Also, Z and Y may form a condensed ring.

Specific examples of the compound represented by the
formula (III) include
{dimethyl(t—butylamido}(tetramethyl~q5ﬂcyclopentadienyl)sil
ane]titanium dichloride,
[(t—butylamido}(tetramethyl—n5—cyclopentadienyl)¥1,2—ethane
diylltitanium dichloride,
idibenzyl(t—butylamido)(tetramethylwnsmcyclopentadienyl)sil
ane]titanium dichleoride,
[dimethyl(t—butylamido)(tetramethyiwnsmcyclopentadienyl)sil
aneldibenzyltitanium,
[dimethyl{t—butylamido)(tetramethylwnsmcyclopentadiényl)sil
anejdimethyltitanium,
{(t*butyiamido)(tetramethyl—n5—cyci0pentadienyl)ul,2—ethane
diyl]ldibenzyltitanium,
[(methylamido)(tetramethyl-ns—cyclopentadienyl)ml,2~ethaned
iylidineopentyltitanium,
{(phenyiphosphido)(tetramethyl—ns—uyclopentadienyl)methylen
eldiphenyltitanium,

Edibenzyl(twbutylamido)(tetramethyl—ns—cyclopentadienyl)sil
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R O-At ... (i) I m+2 R In the above formula, R represents a hydrocarbon group such as methyl, ethyl,
propyl or butyl, preferably methyl or ethyl and particularly preferably methyl andmdenotes 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(R"1)) and an
alkyloxy aluminum unit represented by the formula (OA1 (R12) ) (where R" and R12 may be
respectively represented by the same hydrocarbon group as R :.herein R11 and R12 represent
groups different from each other) (lonizing ionic compound) The ionizing ionic compound forming the

olefin polymerizationcatalyst-according to 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 trah$itioatrhetal bemppiiad A thg fobowihgrosganic ialnminwn compaund+e farst an ionic
compound, and examples of 34 the ionic compound include Lewis acids and ionic compounds.
Examples of e 8bovE L Edisradidhclude compounds represented by BR133 (RL3 represents a

pheny[group[\gh}gg a ijgng su stgu%ntdsu)ch as f!_yorine methy or triiuorometh | or fluorine) .
Specific examples o%r%%s Swis Acids nehide t(ril‘fﬁgroaﬁnm%ﬁl,ytﬁp enybo 8ﬁ§ﬁ§fﬁﬂﬁ&%bhenyl)
boron, tris(3gx-diflHenepheayhoronyan i um,

[ (tetramethyl-1°~cyclopentadienyl) -1, 2—ethanedilyidibenzylt
itanium,
| {2-—1}5“ (tetramethyl-~cyclopentadienyl)~l-methyl-ethanolate (2~
)ldibenzyltitanium,

[2-1m°- (tetramethyl-cyclopentadienyl)~l-methyl-ethanclate (2-
yldimethyltitanium,

[2-((4a,4b,8a,9,9a-1) -9H-flucrene-9-v1)cyclohexanolate (2=} ]
dimethyltitanium, and

[2-((4a,4b,8a,9,3%a~1n) -9H~-flucrene-9-yl}cyclohexanolate (2=} ]
dibenzyltitanium.

Also, compounds obtained by replacing the titanium metal
with a zirconiummetal or hafniummetal in the compounds as these
mentioned above may be exemplified.

These transitionmetal 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 conventionally known aluminoxane or a benzene-insoluble
organic aluminumoxy compound (see, for example, the publication
of JP-A No. 2-78687).

The coventicnally known aluminoxane is represented by the
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tris(4-fluoromethylphenyl)boron, tris(pentafluorophenyl)boron, tris (p-tolyl) boron, tris(o-tolyl)boron
and tris(3,5-dimethylphenyl)boron. 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, tripropylanintoniumtetra (phenyl) boron, tri(n-butyl)
ammoniumtetra(phenyl)boron, trimethylammoniumtetra(p-tolyl)boron,
trimethylammoniumtetra(o-tolyl)boron, tributylammoniumtetra(pentafluorophenvl)boron,
tripropylammaniymiesra( ,pfgiﬁgpﬂélprigqyl))bzorq@,) 'Erib grj“_@k}ocnajl;L tra(m,m-dimethylphenyl)boron,
tributylammoniumtetra(p-trifluoromethylphenyl)boron and tri(n-butyl) ammoniumtetra(o-tolyl)boron.
Examples of thedidiatkylanitiniug salt include N,N-dimethylaniliniumtetra(phenyl)boron,
N,N-diethylaniliniumtetra(phenyl)boron and 35 N,N,2,4,6-pentamethylaniliniumtetra(phenyl)boron.
Examples of the dialkylammonium salt include di(I-propyl)ammoniumtetra(pentafluorophenyl)boron

and dicyclohexylammoniumt ra’g{Jh nyhboran.y M %examples of the ionic compound may
include triphenylcarbeniumtetrakis(pent Iuéﬁ)ﬁﬁan% aor e, 1v,I.v_-.airE1eltrjyian iln>.umtietrakis (pe
R

——f——oml?t } e (i)

m+2
R

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

Here, this aluminoxane may be formed of a mixed alkyloxy
aluminumunitconsistingefanalkyloxyaluminumunit represented
by the formula (CAL{R™)) and an alkyloxy aluminum unit
represented by the formula (OAL(R'¥)) (where R and R 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 lonic 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 organic

aluminum compound to form an ionic compound, and examples of
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nLaCiuoropYienyi) borate and ferroceniumtetra(pentafluorophenyl) borate. (Organic aluminum
compound) The metallocene type catalyst may contain an organic 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). R14AIX13-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. Specifiteexamples ofitipe hydtocardbndgrolplinciudecméthyd rethyll pmipropyhisaprdpyl,
isobutyl, pentyl, hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and tolyl. Examples of the organic
aluminum compoundgiﬁ%m%etﬁeOfBIIG\%tha&ﬁﬁﬁo&rﬁj‘é.lﬁiﬂ%uﬁﬂ%@@cﬁﬁ@%ﬂ@ﬁﬁllaluminum,

triethylalumi trii ylaluminum, triisebutylaluminym, 36 trioctylaluminum and
tri2-ethylhexyla ﬁ%\%qrﬁga kg#y%umfngr% such g%ssoepﬂ%ﬁylglu%%}r?&rﬁ‘?egﬁa%%%tew lyc 1fhemﬁlffmula
(i-C4AH9) xAly: £58Hi0} s{whete bt A8 Znakes reSRRGIVEY , aRASIVE Bymbel aNdZ-3meXky 1

~ trialkenylaluminum such as triisopropenylaluminum; dialkylaluminum halides such as
dimethylalunginuftucrine) . Specific examples of these Lewis acids include

trifluorcoboren, triphenylberon, tris(4-fluorophenyl)boron,
tris{3,5-diflucorophenyl)bcron,
tris(4-fluoromethylphenyl)bocron,
tris{pentafluorophenyl)boron, tris(p-tolyl)boron,
tris{o-tolyl)boron and tris(3,5-dimethylphenyl)bocron.

Examples of the lonic compound may include trialkyl
substituted ammonium salts, N,N-dialkylanilinium salts,
dialkylammonium salts and triaryliphosphonium salts.

Specific examples of the trialkylsubstituted ammonium
salt include triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetza (phenyl)boron,
tri(n-butyl)ammoniumtetra (phenyl)boron,
trimethylammoniumtetra (p~tolyl)boron,
trimethylammoniumtetra (o—-tolyl) bozron,
tributylammoniumtetra(pentafluorophenyl)boron,
tripropylammcniumtetra(o,p—dimethylphenyl)bo:on,
tributylammoniumtetra (m,m~dimethyliphenyl)boron,
tributylammoniumtetra (p~triflucromethylphenyl)boron and
tri{n-butyl)ammoniumtetra (o—-tolyl)boron.

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

'N,N-diethylaniliniumtetra (phenyl)boron and
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chloride, diethylaluminum chloride, diisopropylaluminum chloride, diisobutylaluminum chloride and
dimethylaluminum bromide; alkylaluminum sesquihalides such as methylaluminum 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 Boadition)-ndhe anethbd of produting.apobamenkaser @b xgn-conjugated cyclic
diene according to the present invention, the above non-conjugated cyclic diene 1, non-conjugated
cyclic diene 2, non-c&fjagRtdTyRlic 8itheddompysiBome vl wonsconfugared egelic diene composition

2 and accordi(_[llg

the need, other olefins are subjected o polymerization using an 37 olefin
polymerization cé?al?&?ﬁﬁ%n%grﬁ%ﬁ%&%&&a@%é%@%%c{ Héﬁg : %@83#§Hﬂ§080®%rization, an
unreacted 0n§i@é@%ﬁ’éﬁ?ﬁ&%ﬂbﬁ?ﬁu@@%@?ﬁ@%@h?@@&E?otﬁqated 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 removed Moreover, examples of the ionic compound may include
triphenylcarbeniumtetrakis (pentafluorophenyl) borate,
N,N-dimethylaniliniumtetrakis (pentafluorcophenyl) borate and
ferroceniumtetra (pentafiuorophenyl) borate.
{Crganic aluminum compound)

The metallocene type catalyst may contain an organic
aluminum compound together with the aforementioned organic
aluminum oxy compound and/ot icnizing ionic compound.

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

RM. A1X 1 (V)
wherein R' represents a hydrocarbon group having 1 to 15 and
preferably 1 tc 4 carbon atoms, X' represents a halecgen 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.
Specificexamplesof thehydrocarbongroup inciudemethyl, ethyl,
n-propyl, isopropyl, iscobutyl, pentyl, hexyl, octyl,
cyclopentyl, cyclchexyl, phenyl and tolyl.

Examples of the organic aluminum compound include the
following compounds:

trialkylaluminum such as trimethylaluminum,

triethylaluminum, triisopropylaluminum, triisobutylaluminum,
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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 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

hydrocarbon§§ygla@§lgmlga%n&gng&&clggﬁﬁﬁm%%?&zggge% and cyclooctane; aromatic

hydrocarbons such as benzene, toluene, and xylene; drocarbons such as ethylene
chloride, chlorobenzebeang dichinferaethane; petrotipr dagtions.stch.as-gaselie, kerpsgne and
light gas oil or mixtures of these compounds may be used. Moreover, olefins used for the
polymerizati¢ith&y Fetused tastie hydkod8efon) mddiber 8&Whemthe aassitiosgretal eedpound is
used in the gol mse{igg'gpn, the transition megl gompound is used in such an amount that the

€ 5‘8Iymerization reaction system is usually 10"8 to 10-3

concentration e tranéaltighlr%?eetﬁl gt%ﬂ’] n
gram atom/1 (mediumy) apdyugierablyd0: 7,40 1Q:4:0ram %@ﬂ%o@%‘é@g/lalminm;

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

alkylaluminum sesguihalides such as methylaluminum
sesquichloride, ethylaluminum sesquichloride,
iscpropylaluminum sesquibhloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide;

alkylaluminum dihalides such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylaluminum
dichloride and éthylaluminum dibromide;

dialkylaluminwnhydrides:muﬂ1asdiethylaluminwnhydride
and dibutylaluminum hydride; and

alkylaluminum dihydrides such as ethylaluminum dihydride
and prepylaluminum dihydride.

(Polymerization condition)

In the method of producing & polymer based on
non—-conjugated cyclic diene according to the present invention,
the above.nonwconjugated 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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The organic aluminum oxy compound is used in such an amount that the ato_mic ratio (Al/M) of _
aluminum (Al) contained in the organic 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 o
(transition metal compound/ionizing ionic compound) of the transition m_etal 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 (Ab/Ad2): of 89 @H{@g}j_uggggqm (ég)t%iggd in the organic aluminum co.mpound to an
aluminum atom (A12) contained in the organic aluminum oxy compound falls usually in a range from

0.02to 20 and preferabpiga targetromc0.2 tadde s the polymerizatian catadyst,sa sombination of
the transition metal compound and the ionizing ionic compound has a partlcula(ly S|gn|f_|cant effect
and is among BRFERBTE ZHhB6dImetts. FHERATRIARIE Mt folymeszhtmaatactiorris usually 39

pressure, the BOERSalcn TEahon & i rer e SRR BF (LRl VPR AERGRprERe

pressure, the polymerization reaction is run under

pressure to 10sieaiancpneferably nogmak-atmgsphericepressite 9 5 YIRa- The polymerization

reaction may be run in any of a batch system, semi-continuous system and continuous system or
and at least a part of a high-boiling point fraction are removed
after it is brought into contact with an alkali. Or a part or
all of the purifying process may be cmitted to subject the
unreacted non-conjugated cyclic diene again to the
polymerization. |

As the polymerization method used when the polymer based
on non-conjugated cyclic diene of the preéent invention is
produced, liquid phase polymerization methods such as a
suspension polymerization method and solution polymerization
method may ke usually adopted.

Specific examples of the hydrocarbon medium used in the
liguid polymerization method include aliphatic hydrocarbons
suchaspropane,butane,pentane,hexane,heptane,octane,decane,
dodecane and hexadecane; alicyclic hydrocarbons such as
cyclopentane,cyclohexane,m@thylcyclopentaneandcyclooctane;
aromatic hydrocarbons such as benzene, toluene, and xylene:
halegenated hydrocarbons such as ethylene chloride,
chlorobenzenezﬂuidichloromethane;petroleunzfractionssuchas
gasoline, kerosene and light gas o0il 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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may be run in two or more stages differing in reaction condition. The molecular weight of the resulting
copolymer may be regulated by the amount of hydrogen and/or polymerization temperature. 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 non-conjugated cyclic diene. If the
aforementioned non-%lggga%%d@ C)éclic diene 1, non-conjugated cyclic diene 2, non-conjugated cyclic

diene composition 1 of hoh-conjugatad “cychie didheComseaiita % dippiieddo te pofymerization or
positior Jugaied “cyc mp g nerizatic

copolymerizaio) i eipresenee. ot e elein pobymerizalion, calalyst containingLan ofgagic gluminum
oxy compound and/or ionizing ionic compound in the above manner, the polymer based on
non-conjugatec: cywkcidieneican hé praducsshatya highrdegreehef pelymerization metivity sRagticularly,
in the case where_30 days or more passed after the non-conjugated cyclic diene 40 composition 1 or
2 is prepared -heSREOMPORNINSZtN e adfigle Begratenpolymenzatiovadtivity £hhd 6edulting
polymer baseéj %angr%-cgg jlug ted cyclic diene confains a]z;‘?pii tunit derived from the
non-conjugatéd cyclic |epnei ZTé\e?ia %nbsf ustiainy? 5.?@?5?% g %or mote, [refePHRF iR Rge from 1
to 90% by weigtd-anegnore preferably 1 to 70%

The organic aluminum oxy compound is used in such an amount
that the atomic ratio {Al/M) of aluminum (Al) contained in the
organic 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 lonizing ionic compcund is used in such an amount that
the melar ratio (transition metal compound/ionizing ionic
compound) of the transitionmetal compound to the icnizing 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 (Al*/A1l%)
of an aluminum atom {(Al') contained in the organic aluminum
compound to an aluminum atem {Al%) contained in the organic
aluminum cxy 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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by weight. Also, the resulting polymer 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
a-olefins in an amount of usually 99.9% by weight or 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/a-olefin/romzogfigated cyslic holyenecopalypele £emtaiing 0:1% By yweight-armoig 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 dt6m& arfd-anolyerid6tREL HRAT thearicrrooniRatadeyclib dipnd yiter intrirsiowiscosity

[i]] of the polymer based an. non-conjugated cyclic diene in decaling at 135C is usually 0. 005 to 20
di/g and preferra%f)(/lg ?nlg Tangs %%n%g%é N (0] éf} HHEGHC A SARt bR P AT EToR SR FABSSSH-6n the

viscosity.'TheEm@thg of p{gdggi@g;@eaﬁgnﬁ@%%igyg@ﬂgqe,aé;][ J%B%%rg%gatggscgggc diene
. composition or poylmer based on non-conjugated cyclic diene of the presént mventPon IS useftul
- particularly to produdd® a polyineribabetoninertton ugsert eyalicndienesinamindusiia) ssale;
Examples The present invention will be explained in more detalil
batch system, semi~continuous system and continucus system or
may e run in two or more stages differing in reaction condition.
Thenmlecularweightoftheresultingcopolymermayberegulated
by the amcunt of hydrogen and/or polymerization temperature.
In the present invention, in particular, a particularly high
effect is obtained when adopting a continuocus 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
orcopolymerizationinthepresenceoftheolefinpolymerization
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 nen-conjugated cyclic diene
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byway of examples, which, however, are not intended to be 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 condition of GC accorded to the condition of GLC (gas/liquid
chromatography) described below. An El 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) manufactutad i JEW. S6iethc Ing. was usad adie saluu, Thedl) Lemperatyrevgs set to

180C, Helium was used as the carrier as and the pressure was set to 13 he sample was
injected in ar artopt 08 §SckanrcFthecsprheatio- avasssetde 2004 the column temperature was set as

follows. 42 Table 51 2 Step 90 - Initial temperature (C) 3 Temperature rise rate (C/ minutes) - 180
Final temperature (CYhe resultingpolymer based onnen-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 from 1 to 90% by weight and more preferably 1 to 70%
by weight. Also, the resulting polymer based on non—-conjugated
cyclic diene contains a repeat unit derived from a monomer other
than the ncon-conjugated cyclic diene, for example, chain or
branched a—olefiﬁs in an amount cf usually 9%9.9% by weight or
less, preferably in a range from 10 to 99% by welght and more
prrefearably in a range from 20 to 9%9% by weight. Examples of
the polymer based on non-conjugated cyclic diene :E,nciude an
ethylene/0~oclefin/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 G—olefin having 3 to 20 carbon atoms and an
ethylene/o&—olefin/noﬁ—conjﬁgated cyclic polyene copclymer
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,
0—olefin having 3 to 20 carbon atoms and an polyene other than
the non-conijugated cyclic diene.

The intrinsic wviscosity [n] of the polymer based on
non-conjugated cyclic diene indecaline at 133°C is usually-o .005
to 20 d1/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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9 1 Retention time (minutes) FID was used for detection. The data was processed by Chromato-pack
C-R3A (trade name) manufactured by Shimadzu 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 Petrochepiigal (ompaRy:kot-3R02 wag 143 Hsednipks ARaBIsiUSInG thenabowsBarrpefar
column of this ENB resulted in the detection of a compound which had a longer retention time than
hexane and arshorteragtentiordime tharr S-odng idénel: rorissraeheiandestiovwed tise fokdinvihg
spectrum. From this spectrum, the compound was identified as 1,3,5-CYcloh2ptatriene (corresponds

to the compoidF () Wavirig i SARKNEDF & SevtRmEMBERATLYAR tHaRe hFaotdrbdh) Table 7

diene in an industrial scale.

Examples

The present invention will be explained in more detail
byvwayofexamples, which, hcwever, arenot intended tobe limiting
of the present invention.

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

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

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

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

For GLC, GCL7A (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 ratio

was set to 200. The column temperature was set as follows.
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Mass spectrum 91 39 65 51 Relative ratio 1000 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-ethyl idene-bicyclo-[ 3. 2. 1]
-oct-3-ene which is repres ented by the following formula (VI) (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 ENB 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 ENB was 9.5 x 10-6 and the
ratio (Wb/Wd)zif ke 2mount of the conjugated polyene compound (B) having an eight-membered
bicyclic hydrocarbon structure to the amount of ENB was 135 x 10-1. 150 ml of this ENB was mixed
with 50 ml of agueous 0.1 N.NaQH and the mixture was.stirred for 5 minutes, followed by separating
and this ope'r\ation was repeated three times| Nekt, thisENB which had been brought into contact with
agueous NASFE-was-mixee-with-56-mi-ofor c)(g\,dl"lal ge-water and the mixture was

Initial temperature (°C)

- 3
Temperature rise rate (°C/ minutes)

- 180
Final temperature (°C)

9 1

Retention time (minutes)

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

The peaks were separated by an automatic processingmethod
and peaks which have a fi‘rst transition angle of £0° cr 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 %

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

“ENB”, manufactured by Sun Petrochemical Company) Lot 3B0Z was
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stirred for 5 minutes, followed by separating and this operation was repeated three times to obtain
alkali-contact treated ENE. This process was repeated five times to obtain a total of 700 ml of
alkali-contact treated ENE (1). (Distillation) An Oldershol5-stage batch system distiller was used. 540
g o f the above ENE (1) was charged to the distiller to start heating under the condition of a top
pressure of 10.6 kPa. First, ENB (1) was distilled under a ref lux 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. (Rekymerization) 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) atZ8JgnalMeks thisiagoelsy e Rrschaged flty 1IoNImaifafHer +5 £ 15

propylene and the mixture was heated to 80C where ethylene was added such.that the total pressure
became 0.8 I\ﬁf’%?i@é?(, 02 rﬁﬂ%l F ﬁﬁscogbh?ﬁaﬁ irafurcr%é Was firs agg‘é‘ac or%l(?&y?n %n%ﬁfoclave,

and then 0.1 ml (@001 -mmal).af & hexane galytion neonfaining Q.01 mEodA 0fn time than
dimethyl(t-butylamido)(tetramethyl-il 5-cyclopentadienyl)sila ne] titanium dichloride and. 1.0 ml (0.002
mol/ml) of a tbheetiey Sakikine-of Hiphehylcadyeniamietshlis(antaikiofoptienwlng spectrum.

From this spectrum, the compound was identified as

1,3,5-cycloheptatriens {corresponds to the compound {A) having

the structure 0f a sevan—-memberad cyclic triene hydrocarbon).

Tabhle 7
Mass spectrum 91 39 65 51
Relative ratio 1600 328 164 146

Alsc, GLC analysis using the above non-polar column
resulted in the detection of a compound which had a longer -
retention time than 5~éthylidene—Z—ﬁorbornene and a shorter
retention time than normal decane and showed the following
s?ectrum; From this spectrum, the compound was identified as
2—ethylidene—bicyclo—[3.2.l]—octw3*en@whichi5representedby
thefollowingformuia(VI)(correspéndstothecoujﬁgatedpolyene
compound {(B)having an eight-membersd pblcyclic hydrocarbon

structure) .

< (VI)
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borate (manufactured by Asahi Glass Company) were forcedly added in the autoclave separately.
After triphenylcarbeniumtetrakis(pentafluorophenyl) borate was forcedly added, the mixture was
polymerized for 20 minutes. The pressure set just after the forced addition was maintained by 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 ¢,{/100 g and an intrinsic viscosity of 3.2 dl/g was obtained. 46 Comparative Example 1 Ethylene,
propylene angENB,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/propyisssefedddmcopolygeer havipg an etiwdene camtent of gd mpl%zan lodine value of 27

9/100 g and agiERHESIRY/1SCOSTHLEH 23 d}(gwals opjained. ;g omparpgive Exggpte 2 (alkali-contact

ADNLN LSOV Th

treatment) 150 mtof ENBwas mixed withr50-mt-of-anaqueous-0—-1N-NaSH—Fhe mixture was stirred
for 5 minutes, followed by separating treatment and this process was repeated three times. Next, the
ENB brought into contact with aqueous NaOH was mixed with 50 ml of ion exchange water. The
mixture was stirred foF BirpifiiBsw dolloned by beparatifg trestmbpisarnd, this pfocess nas refpeated

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

seven-membered cyclic triene hydrocarbon structure to the amount
of ENB was 9.5 x 107° and the ratic (Wb/Wd) of the amount of
the conjugated pelyene compound (B) having an eight-membered
bicyclic hydrocarbon structure to the amount of ENB was 135 X
107°,

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

{(Distillation)

AnQOldersho l5-stagebatch systemdistiller was used. 540
gof the above ENB (1) was charged to thedistillerto start heating
under the condition of a top pressure of 10.6 kPa. First, ENB(l)
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
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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 a result, 48 g of an ethylene/propylene/ENS copolymer having an ethylene
content of 62 mol%, an iodine value of 24 'g/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 3K01 was used. The actual content of ENE was 99.48 wt%. Also, the compound A
was contained 33 sgch &nEARG@nt.thaf WA ¢ nhsRES Wd 026 ahll ike BBMpoung B wass hkewise
contained in such y, an amount that Wb/Wd was 65 x 10-6. A drum having a capacity of 1000 L and
equipped with¥stirrerivasd chdr§&8 SHth 450 of the above ENE and 150 L of aqueous 0. 1 N
NaOH. The m'ﬁyi Q§§£i£r€gof85 10 minutes, was allowed to stand and then, aqueous NaOH was
discharged. This operation for treating ENE was repeated three times. ENE was left in this drum, into
“which 150 L of ion exghangesaatel aes spoised alfeimixtiewas sturesbiop A8 aimate st wasyallowed
to stand and then the water phase was discharged. This operation for treating ENE was repeated
three times. (DERlag&HE 1PTheidrganierphase \wiliorana in e abéde Blepirdmpieane from

which impurities were eliminated and 16 ml of the above ENB(2)

[=}

th

3°C. HNext, this autoclave was charged further with 17 N-1

o
et
™

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
autoclave, and then 0.1 ml (0.001 mmol) ¢of a hexane solution
containing 0.01 mmol/ml of

dimethyl (t-butylamido) (tetramethyl—nS—cyclopentadienyl) sila
neltitanium dichleoride and 1.0 ml (0.002 mol/ml) of a toluene
solution of triphenylcarbeniumtetrakis (pentafluorcphenyl)
borate (manufacturedby Asahi Glass Company) were foa:c:edly_r added
in the autocclave separately. After |
triphenylcarbeniumtetrakis (pentaflucrophenyl) borate was
forcedly added, the mixture 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 ZO-minutes , 3ml of fnethanol was pressead
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 valiue of 23.g/100 g

and an intrinsic viscosity of 3.2 dl/g was obtained.
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with aqueous NaOH) was subjected to distillation. For the distillation, a distiller 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
IMTP packings corresponding to 30 stages. ENE 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 and a 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 fromthe towerkotiom.ip, 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 withdravirt:freiretine, bottopy Dé theadistiietmwa rate o 5 kgtte At ibig timeHbe pressure of
the tower top was reduced to 84 torr and the amount of a ref lux was 100 kg/h. At this time, the
_temperature BRIHESBREr HORSFI Wa? BAXARRKRAGIGH (Fefeffater etEtebltB a3 ENBTARd
withdrawn fram the tower top,.the compound A was contaiped in such a ount that Wa/Wd was 3 x
Y g LW a&kafl—czpn act t gt:men@ %}f?bsr/]ﬁ\}g\?\%%lé)ﬁ 158, 1(158_ HNUOUS

10-6 and the compounc?ﬁ was contalneEl i Such an amount that
polymerizatiory) ENB(4) (9rembiained by-glimipating adgweholingnngint fraction aad smaighzhoiling
point fraction from the above ENB(4)
used as it was). As a result, 20 g of an ethylene/propylene/ENB
copolymer having an ethylene content of 54 mol%, an i1odine value

0f 27 g/100 gand an intrinsicviscesityof 2.3 dl/gwas obtained.

Comparative Example 2
(alkali~-contact treatment)

150 ml of ENB was mixed with 50 ml of an agueocus 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 agueous NaOH was mixed with 50
ml of ion exchange water. The mixturewas 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 ENBwere copolymerized in the same
manner as in Example 1 except that the above ENB(3) was used
in place of ENB(2). As a result, 48 g of an
ethylene/propylena/ENB copolymer having an ethylene content of
62 mol%, an iodine value of 24 g/100 g and a2 intrinsic visc.osity

of 3.0 dl/g was obtained.

Example 2
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after washing with NaOH) was used. A SUS reactor having a capacity of 300 L and equipped with a
sti rrer e was used to run polymerization. The temperature was kept at 80C and the liquid 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-rl 5-cyclopentadienyl)sila netitaniumdichloride was
used as amain catalyst, (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 TIB&uekgh kb kgthrkg/hidiftmmol/h mmol/h mmol/h 22.8 3.7 3.8 6.2 20 0.16 0.48 2.0
From the obtained polymer solution, a resin was obtained by steam stripping. In the obtained resin,
the content of ethylen&Swés B2~ A1 B3 BN AT bF FropyRR& was 30.2 mol%, the content of ENB
s 716 moreand M Cad) 100C was 50, e VIEKd pet Haw ups B0, Compralveduganple S

r .
(Aqueous Na eafment) As'a non-conjugated cyclic diene, iIdene-2-norbornene (hereinafter

abbreviated ag; FNG ¢ tRABRASIUBDY StiRJ2elachamicebkpRRaNYLL 0!t 3KOT was usedd .

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 contained in such an amount
Wo/Wdwas 65x107°. Adrum havingacapacityof 1000 L and equipped

with a stirrer was charged with 450 L of the above ENB and 150

Lof agueous ¢.1 N NaCH. Thé mixture was stirred for 10 minutes,

was allowed to stand and then, aqueous NaOH was discharged. This

operation for treating ENB was repeated Three times. ENB was

left in this drum, into wﬁich 150 L of ion exchange water was

poured. The mixture was stirred for 10 minutes, was allowed
to stand and then thewater phasewas discharged. Thizoperation
for treating ENB was repeated three times.

(Distillation 1)

The organic phase withdrawn in the above step {treat.ment‘
with aquecus NaQH) was subjected to distillation. For the
distillation, a distiller was used which was made of SUS304,
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 thedistiller
at a rate of 190 kg/h. At this time, the pressure of the tower

top was reduced to 80 torr and the amcunt of a reflux was 80
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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 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

aqueous phasg was discharged-This. oneralian.for treafing ENE: was repeated thre limes. .

(Molecular sieve treatment) The organic phase recovered in the above process (aqueous NaOH
treatment) wagteated 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 treatméRtl #f s ENB1h& tompound A was contained in such an amount that Wa/Wd was 13 x
10-6 and the compound B Waﬁ]contained in ﬁ;éct%an amount that Wh/Wd was 65 x 10-6 (hereinafter

referred to as ENB(5)}.-britittiot & PoIvthe F17ENBISY BnEdtitainet Py Bating wiftthe
molecular siexgs 44 afiarwashingith NaQil) wasysed, & SYSHraciat haying a.Gapagity gf 300 L

and equipped with a stirrer was used to run polymerization. The temperature was kept at 80C and the
liquid {(distillation 1) was supplied at a rate of 50 kg/h, and a lLight

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 thedistiller 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 of the tower bottom
was 84°C. In the fraction {hereinafter referred to as ENB(%))
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) (one obtained by eliminating a low-boiling point
y fraction and a high-beiling peint 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 liquid
level was kept such that the volume of the liquid was 100 L,
to run polymerization by a continucus method.
In the reaction,
(t-butylamidec)dimethyl (tetramethyl—n5~cyclopentadienyl) sila
netitaniumdichloridewasusedasamaincatalyst, (CsHs)sCB(CeFs) 4

was used as a co-catalyst and triiscbutylaluminum (hereinafter
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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-r)5-cyclopentadienyl)sila
netitaniumdichloride was used as amain catalyst, (C6H5) 3CB (C6F5) 4 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 [ NI/h mmol/h mmol/h mmol/h 22.8 [
3.7 3.86.2200.28 0.84 2.5 From the obtained polymer solution a resin was obtained by steam
stripping. In thg ghtained resia, the content.of e&@,y'sﬂeé@gs S S L e 5.
29.8 mol%, the content of ENE was 7.8 mol% and ML(1+4 100C Was 55. The yie doper our was 5.9
kg. It is understood thattikitsésiniendedria obiain ampelyaeskavingdhe same propeartes asinExample
2, itis necessary to make the concentration of the catalyst higher than that in Example 2.
(Continuous p&RfA&tiZation 2) ENB(5) (one obtained by treating with the molecular sieve 4A after
washing with NaOH) was used. A SUS reactor having a capacity of 300 L and equipped with a stirrer

was used to rup-petymerzatiorFhe-temperature-was

‘Hexdn | Bthylene | Propylene | ENB Hydrogen | Main catalyst | Co-catalyst | TIBA
e

kg/h kg/h kg/h kg/h - | NI/ mmol/h mmol/h mmoi/h
22.8 3.7 38 6.2 20 0.16 0.48 2.0

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

In the cbtained resin, the content of ethyl@né was 62.2
mol%, the content of propylene was 30.2 mol%, the content of
ENB was 7.6 mol% and ML(1+4} 100°C was 56. The yvield per hour

was 6.0 kg.

Comparative Example 3
(Agqueous NaQH treatment)

As a non-conjugated cyclic diene,
5~ethylidene~2?norborhene (hereinafter abbreviated as “ENB”,
manufactured by Sun Petrochemical Company) Lot 3X01 was used.
The actual content of ENB was 99.48 wt. Also, the compound
A was contained in such an amcunt that Wa/Wd was 15 X 10°° and
the compound B was likewise contained in such an amcunt that
Wb/Wdwas 65x107°. Adrumhavingacapacityof 1000 L and equipped
with a stirrer was charged with 450 L of the above ENB and 150
Lof agueous 0.1 NNaOH. Themixture was stirred for 10 minutes,

was allowed to stand and then, agueous NaCH was discharged. This
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kept at 80C and the liquid 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-TI5-cyclopentadienyl)sila 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 kglh kg%n kg/h N1/h mmo /h mmol/n mmoiin 22.8 3.7 3.8 6.2 20 0.28 0.84 2.0 From the

obtained po'wgg&%@%%ﬁ&esm@éi ained by steamestrinping, The vield of the phtained resin
per hour was 2.6 kg. It is understood thaf when running polymerization in the same condition as in
Example 2, poyfimetizationiactivityns aduistandiigy lowoExample 3n(RistiationelAsar was
non-nonjugated cyclic polyene, 5-ethyl idene-2-norbornene (hereinafter abbreviated as "ENB",
manufacture@ Byt PetdehBAFdE Tortiganyd 1ot BRO1Ipas dediThE atual 28nteht OFEAB was
99.48 wt%. Also. g campoynd,Avas,contained in such an amount that Walilvd (ratig by, weight)

operation for treating ENB was repeated three times.

(Mclecular sieve treatment)

The organic phase recovered in the above process (agueous
NaCH 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 compeocund A was contained in such an amount
that Wa/Wd was 12 X 107° and the compound B was contained in
such an amount that Wb/Wd was 65 x 107° (hereinafter referred
to as ENB(5)).

(Continuoﬁs poclymerization 1)
ENB(5) (cne obtained by treating with thé molecular sieve
) 4A after washing with NaOH) was used. A SUS reactor having a
capacity of 300 L and equipped with a stirrerr was used to run
polymerizatidn. The temperature was kept at 80°C and the ligunid
level was kept such that the volume of ﬁhe liguid was ldO L,
to run polymerizaticn by a continuous method.

In the reaction,

(t-butylamido)dimethyl (tetramethyimnswcyclopentadienyl) sila
netitaniumdichloridewasusedasamaincatalyst, {CeHs)CB{(CsFs) 4

was used as a co-catalyst and triisobutylaluminum (hereinafter

noted as TIBA) was used as an organic aluminum compound.
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was 15 x 10-6 and the compound B was likewise contained in such an amount that Wb/Wd (ratio by
weight) was 65 x 10-6. For the distillation, a distiller was used which was made of SUS304, had a
tower diameter of 305 mm and a tower height of 13 m and 53 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 anda heavy fraction was withdrawn
fromthe bottomof 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. (Distilatian2): \sina thersaynesdistiler as abhoyveddistiliatignd ) sthes ENBywithdrawn
from the tower bottom in the above distillation (distillation 1) was supplied at a rate of 50 kg/h, and a
light fraction WelgeitHdtawn from the top of the distiller at a rate of 40 kg/h and a heavy fraction was
withdrawn from the bottom of the distiller at a rate of 10 kg/h. At this time, the pressure of the tower

top was reduceﬂo&mm&mmmimﬂ;mwmwwture of
the tower bottofeiRes (d4ylam thEwaisaen tRcteindfkeetarddas wslyNB(EpesatidralB4rom the

tower top, the compou A A was contained in _such an amount that Wa/\Wd (ratio by weight) was less

- than 2 x 10-6|di#dthe idesfipound® was ¢athinediHisuch armaadunt that Wwovd (raBeB weight)
was less than 2%.8.0-6. {Polymefi&ation) | 6.2 20 0.28 0.84 2.3

From the obtained polymer:solutionq a resin was obtained
by steam stripping.

In the obtained resin, the content of ethylene was 62.4
mcl%, the content of propylene was 29.8 mol%, the content of
ENB waé 7.8 mol% and ML{1+4) 100°C was 55. The vield per hour
was 5.9 kg. It is understocod that if it is intended ﬁo obtain
a polymer having the same properties as in Example 2, it is
necessary to make the concentration of the catalyst higher than
that in Example 2.

(Continuous polymerization 2)

ENE (5) (one obtained by treatingwith the molecular sieve
42 after washing with NaQH) was used.

A 8US reacter having a capacity of 200 L and equipped with
a stirrer was used to run polymerization. The temperature was
kept at 80°C and the liquid level was kept such that the volﬁme
of the liguid was 100 L, to run polymerization by a continuous
method.

In the reaction,
(tmbutylamido)dimethyl(tetramethyl—n5¥cyclopentadienyl)sila

netitaniumdichloridewasusedasamaincatalyst, {(CeHs) :CB (CeFs) 4
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A2 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 (6) at 23C.
Next, this autoclave was charged further with 17 N-1 54 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-tJ5-cyclopentadienyl)sil
ane]titanium dichloride and 1.0 ml (0.002 mol/ml) of a toluene solution of
triphenylcarbeniumtetrakis(pentafluorophenyl) barate .(manufactured by.Asahi Glass Company) were
forcedly adde%cllrg?nr%% (gll%zs(c%\?eosgpaeﬁ§%f s.¥Ai§tzé‘r8 %ﬁﬁéﬁﬁ%&r g%ﬁ?n%xﬁgﬁg(ﬂgﬁﬁﬁﬁgr%%ﬁg%l)
borate was fereedly addegh thg migyre;:was polynerizedfon20 ninutesn the sukeset just after
the forced addition was maintained by adding ethylene and the temperature was kept at 80C during
polymerization. After 2Beminuted, 8 euiraf me thanof waspresset: e thexdutectave Hyf udihgwitrogen to
. stop the polymerization. As a result, 55 g of an ethylene/propylene/ENS copolymer having an -

- ethylene contefr ofe3 ?‘nol%, an iodine value of 23 g/100 g and a intrinsic viscosity of 3.1 dl/g was
obtained. Comparative Example 4 Ethylene, propylene and ENB were copolymerized in the same

i f

H — 1 1 -l £ oo ] + LN .o aptiradd-bas
o o B b R BRI oA B PR SN P TR i Ry S

Petrochemica ompany, Y6

kgh kg/h kg/h kg/h | Ni/h mmolh mmoi/: mmoi/h
22.8 3.7 38 6.2 20 0.28 0.84 2.0

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

The yield of the cobtained resin per hcur was 2.6 kg.

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

cutstandingly low.

Example 3
(Distillation 1)

As a non-nonjugated cyclic polyene,
S~ethylidene-2-norbornene (hereinafter abbreviated as “ENB”,
manufactured by Sun Petrochemical Company) Lot 3K01 was used.
The actual content of ENB was 99.48 wt3%. Alsc, the compound
A was contained in such an amount that Wa/Wd (ratio by weight)
was 15 X 107 and the compound B was likewise contained in sﬁch
an amount that Wb/Wd {ratio by weight) was 65 x 10°%, For the
distillation, a distiller was used which was made of SUS304,

had a tower diameter of 305 mm and a tower height of 13 m and
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used as it was in place of the above ENB(6). As a result, 30 g of an ethylene/propylene/ENB
copolymer having an ethylene content of 57 mol%, an iodine value of 26 g/100 g and an intrinsic 55
viscosity of 2.7 dl/g was obtained. 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. iN NaOH. The mixture

was stirred focJ5grw%&quQWEdIbM§eg§@$iﬂgg§e@m%@%ﬁ%@ﬁ@r%%%ésegatedamee

times. Next, the ENB brought into contact with agueous NaOH was mixed with 50 ml of ion exchange
water. The mikture2wasd streed dgrS rdutdas z foldwedby e payating dredtméntand fhisopesation was
repeated three times to obtain alkali-contact treated ENB. This process was repeated three times to

obtain a total 6F 30T EF AR Cerfatifebfi ENES. SDidtitadien) Th hé ey potingdhe day on
which the abaye. sgiueays, NaOK ieament e eariscout, ENB (1) was diled gs mentionec
below, using an nglidlirsghoY -stageqbatc system distiller. 8% go e above 673 was cﬁarged to
the distiller tosstag heating, enslerithe gondifion-afiaston presstre ob 10 &:kRa Birsty ENB {@er
top was reduced to 80 torr and the amount ofla reflux was 100
kg/h. At this 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 the distiller at a rate of 10 kg/h. At this time, the pressure
of the tower top was reduced to 84 torr and the amount of a refliux
was 120 kg/h. At this time, the temperature of the tower bottom
) was 84°C. In the fraction (hereinaftér referred to as ENB(6))
withdrawn from the tower top, the compound A was contained in
such an amount that Wa/Wd (ratic by weight) was less than 2 X
107 and the compound B was contained in such an amount that
Wb/Wd (ratio by weight) was less than 2 x 107°.
(Polymerization)
A21lstainless autoclave inwhich 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(6)

at 23°C. Next, this autoclave was charged further with 17 N-1
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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 56 distillation until the amount of the residue was 54 g, to obtain 189 g of ENB(8).
Wa/Wd and Wb/Wd of this ENE were 2.9X 10-6 and 9 X 10-6 respectively. (Preparation of the ENE
composition) Immediately after that, 50 g of this ENB(8) was placed into a 100-ml flaskwith 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 ENE (8) was placed into the flask, the contents were
agitatedwith a stirrer for 30 minutes, and the ENE composition(9) was obtained. (Polymerization 1)

Ethylene, pro&ylgr}%?é}s%%%% n%{etg%o%{ mgri%ed in tshglgz%rgg dnq:z‘éijn%%rt,ésmifrf1 Exam%gl g1ieexrﬁzept that

the above ENE com whic ha%%e%neal‘fjo%/ve to stand for one day%lft%r repaefation of

the compositienswagdiseddn plaee ek ENE(2)o A1 pesill B0 aihrihylepairopyleneENE

copolymer having an ethylene content of 64 mol%, an iodine value of 23 g/100 g and an intrinsic
viscosity of 322 dl/gm@as cbfained L (Rdlynelizdtioni 2)uEthyleae apdpyleherarsiENEiwerghe
copolymerized in the same manner as in Example 1 except that the above ENE composition(9) which

had been allGWES To-8aRd OFE46Tshitere HRegiidticiiot the Eompesitnavasusdd ffplace of

ENE(2) . As @cgg%lgpmﬂl% of apethylen {Ho%ene/ENS copolymer having an ethylene content of 63
mol%, an iodine value of 23 g/100 g and an intrinsic

[dimethyl (t-butylamido) (tetramathyl~n5—cyclopentadienyl) sil
ane]titanium dichloride and 1.0 ml (0.002 mol/ml) of a toluene
soluticn of triphenyicarbeniumtetrakis{pentafluorophenyl)_
borate {manufacturedby Asahi Glass Company) were forcedly added-
in the autoclave separately. After
triphenylcarbeniumtetrakis (pentaflucrophenyl} 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 content of 63 mol%, an iodine value of 23 g/100 g

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

Comparative Example 4

Ethylene, propylene and ENB were copolymerized in the same
manner as in Example 1 except that ENB obtained from the market
(ENB manufactured by Sun Petrochemical Company, Lot 3K01l) 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 ethylene

content of 57 mol%, an iodine value of 26 g/100 g and an intrinsic
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viscosity of 3.2 dl/g was obtained. 57 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 weight(Wd) of 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 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 sqg;psa&grpg ngt@:% tl;e iﬁt}%(wgéwo gf the weight (Wb) of the compound (B) to the

weight (Wd) of a non-conjugated cyclic diene selec ed from the group consisting of bicyclo
[2.2.1]hept-2-ene derivatives having an alkylidene group and bicyclo [2.2.llhept-2-ene derivatives
having an alkyl group is O or more and 30 x 10- or less. 2. A non-conjugated cyclic diene composition
comprising thé&xanréenjigated cyclic diene according to Claim | and an antioxidant. 3 . A method of
producing a poggrjrner based on non-conjugated cyclic diene comprising supplying the non-conjugated

cyclic diene adéSFafryd TS F18HE 55 merization or copolymerization using an olefin

e o ey I AL Lo A e
5-ethylidene-~2-norbornene (hereinafter abbreviated as “ENB”)
manufactured by Sun Petrochemical Company) Lot 3K02 was used.
The compound A was cqntained 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 ml of ENB was mixed with 50 ml of an agqueocus §.1N NaOH.
The mixture was stirred for 35 minutes, followed by separating
treatment and this process was repeated three times. Next, the
ENB brought intc contact with agueous NaOH was mixed with 50
ml of ion exchange water. Themixture was stirred for 5minutes,
followed by separating treatment and this operaticnwas repeated
three times to obtain alkali-contact treated ENB. - This process
was repeated three timés to obtain a total of 430ml of
alkali-contact tresated ENB(7).
(Distillation)
On the day following the day on which thelabove agqueous

NaCH treatmentwas carriedout, ENB(7) was distilled asmentioned
below, using an Oldershc 15-stage batch system distiller. 270
goftheabovéENB(?)waschargedtothedistillertostartheating
under the condition of a top pressure of 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 te 3 to continue
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comprising supplying the non-conjugated cyclic diene 58 according to Claim 2 to the polymerization or
copolymerization using an olefin polymerization catalyst containing an organic aluminum oxy
compound and/or an ionizing ionic compound. 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 peittfracticrrwhichiiscadmposents distilled fram thes 1ap ofaatower Hefare sraia fraction
and at least a part of a high- boiling point fraction which is components left non-distilled in a tower
after main frat88ndsodisENEd & the PalHraRddiadopblyihenzBldn wekr) an Bfefid poRmderization
catalyst contgini}pgl%n6 organic alumingm oxy compound and/or an ionizing ionic compound. 6. A
method of producifig a o ggc?rﬁﬁde‘ﬁ% %yclic diene polymer comprising supplying a non conjugated

cyclic diene sglecisd from the Hroup congisting,piRicYql9 §2,2.11hept-2-ene derivatives having an

alkylidene group and bicyclo [2.2.1]hept-2-ene derivatives having an alkyl group composition
containing a non-conjugeded syelicdietie exhichds obfained by iginEaEldde ras-cgebitgaded cyclic
diene into contact with an alkali and then removing at least a part of a low-boiling point fraction which

is componentdistiiéd Irond fadp of BbwarBefsfcl pandfdetion Bra arrustdpartaiegiyh-boiling

P e e chs compeienss By e 2 2y Bl IR LRI AT e gnd an
a rotor had been put. Immediately after ENB(8) was placed into
the flask, thecontentswereagitatedwithastirrer for 30minutes,
and the ENB composition(9) was cbtained.

(Polymerization 1)

Ethylene, propylene and E.NB were copclymerized 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 o_f an ethylene/propylene/ENB copolymer having an ethylene
content of 64 mol%, an iodine value of 23 g/100 g and an intrinsic
viscosity of 3.2 dl/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)
which hadbeenallowed 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 copoclymer having an ethylene

content of 63 mol%,— an iodine value of 23 g/100 g and an intrinsic

viscosity of 3.2 d1/g was obtained.
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or copolymerization using an olefin polymerization catalyst containing an organic aluminum oxy

compound and/or an ionizing ionic compound. 59
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 (&) 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 weight (Wd} of
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 [2.2.1}hept-2-ene derivatives having an alkvl group is 0 or

[V

more and 5 x 10 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 (Wbl of the ccmpound  (B) to the
weilght (Wd) of a non-conjugated cyclic diene selected from the group
consisting of bkicyclo [2.2.1]hept~2-ene derivatives naving an
alkylidene group and bicyclo [2.2.1Thept-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 I and an

antioxidant.

3. A method of producing a polymer based on non-conjugated cyclic diene
comprising supplying the non-conjugated cyclic diene according to
Cilaim 1 to the polymerization or copolymerization using an olefin
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

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

oxy compound and/or an ionizing ionic compound.

3. 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 [2.2.1lhept-2-ene derivatives having an
alkylidene group and bicyclo (2.2.11hept-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 fracticn which is components distilled from the
top of a tower before main fraction and at least. a part of a high-
bolling point fraction which is components left non-distilled in a
tower after main fraction is distilled to the pelymerization or
copolymerization using an olefin polvmerization catalyst containing an

organic aluminum oxy compound and/or an ionizing ionic compound.

6. A method of producing a non-conjugated cyclic diene polymer
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 bicvclo [2.2.1lhept-2-ene derivatives having an
alkyl group composition containing a non-conjugated cyolic diene
which is obtained by bringing a crude non—-conjugated cyclic diene
intc contact with an alkali and then removing at least a part of a
low-belling 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 components left non-distilled in 2 tower after
main fraction is distilled and an antioxidant to the pelymerization
or copolymerization using an olefin polymerization catalys%
containing an organic aluminum oxy compound and/or an ionizing

icnic compound.



