SPECI FI CATI ON  NON- CONJUGATED CYCLI C DI ENE, NON- CONJUGATED CYCLI C DI ENE
COVPCSI TI ON AND METHOD OF PRODUCI NG POLYMER BASED ON  NON- CONJUGATED CYCLI C
DI ENE BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a non-conjugated cyclic diene, a non-conjugated
cyclic diene conposition and a nmethod of producing a polyner based on
non-conjugated cyclic diene. 2. Description of the Related Art Pol yners
based on non-conjugated cyclic diene such as ethyl ene/ propyl ene/ et hyl i dene
nor bornene copol ynmers are those SHECIFBEIATIAN cani zable, are superior in
weat herability, heat resistance and ozone resistance and are used for

aut onobi | ONHRNSTUGANED AME TG AdUBTE i alON—BRFUGHTRIUGTE LI SUIENE ng
materials, civil and construction materials and rubber products such as

gummed cl GHELHTER] PHVMESIBPN S8 BRSIDUGHNG BAISMER BASHR éitled with

pl astics such as a(ggl ropyl ene and pol ystyrene. In the case of
manuf act uN Ry ALY %ﬁﬂ) LKadddE™h non-conj ugated cyclic diene, there

is the case where polynerization activity is |ow though this depends on
manuf acturing conditions such as catal ysts. Therefore it has been desired

to devel op a nethod of pr%ﬂx-dﬂbﬁkﬂxaﬁ”HﬂEtﬁﬁVﬁk%fHﬁﬁon'conj ugated cyclic

di ene at a high degree of pol'ynerization activVv nder this situation,

the appligant z9f4hLs ¢aserhasnliBROpPosed a method using norbornene or its
derivative which are

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/ethylidenenorbornenecopolymersarethose
which are vulcanizable, are superior in weatherability, heat
resistance and ozone resistance and are used for automobile
industrial parts, industrial rubber products, insulating
materials, civil and constructionmaterials and rubber products
such as gummed clothes and also widely used for materials to
beblendedwithplastics suchas apolypropylene andpolystyrene.
In the case of manufacturing such a polymer based on
non-conjugated cyclic diene, there is the case where
polymerization activity is low though this depends on
manufacturing conditions such as catalysts. Therefore it has
been desired to develop a method of producing a polymer based
onnon-conjugatedcyclicdieneat a highdegree of polymerization
activity.

Under this situation, the applicant of this case has



brought into contact with alum na or norbornene or its derivative which
are brought into contact with an aqueous alkali as a raw nononer when
manuf acturi ng a pol yner based on non-conjugated cyclic diene by using a
net al | ocene type catal yst (see JP-A No. 2000--204120) . A refining nethod
is proposed in which when dicyclopentadiene is used in reaction-injection
nmolding, it is brought into contact with an alkali material, followed by
washing with water and dewatering (see JP-A No. 01-096410) . However, in
t he met hogrdesceidbe dnditieryd usanpohyneornanaair e sobkainediat wial dh giredegr ee
of activity when polynerizing or copolynerizing a non-conj ugated cyclic
di ene by bgpaghd ispecidntachwidltystl wyisieor nounte mene ot akldecdve tiyme

catal yst. The inventors of the present invention have nmade further

studi es, #hdchsarerkesenght figiid cORARCE $pHbkidn admpeneskaldonsat e in a
non-conj ugated cyclic diene inhibits polynerization when a specific

catal yst BORPBRENYNEHCHAAYEARLUBIPEN? PAM IR RRAIY FomssmsPramgadred
ionizing ionic c ound is used to_polymerjze or copolynerize a

non- conj UGAERACCIETRE PYIPERBY S RE GRS oRY BB AIRIE d5eri & ah i
reduced iaobggzoagaﬂnt of that conponent to |ower than a specific level is
used, theé activity 3? polyneri zation is significantly increased in the

polymerizati on AndeeoRolymhiagh! 98 globBs.AonnCaitgalady, cyclic diene by

a
using a specific catalyst conmponent aining an organi c al um num oxy

conpound gRd4en obaRkaAHRIGnEONS G sEITPAWKL ot 1 CHP & £od RB1BGESLNE ¢ 45

i nvention. 2 The inventors have al so found that when using a
brought intocontactwithanalkalimaterial, followed by washing
with water and dewatering (see JP-2 No. 01-096410). However,
in the method described there, a polymer cannot be obtained at
a high degree of activity when polymeriziné or copolymerizing
anonéconjugatedcyclicdieneknrusingfaspecificcatalystsystem
such as a metallocene type catalyst.

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

'cyclic diene by using a specific catalyst component containing
an organic aluminum oxy compound and/or ionizing ionic compound,

to complete the present invention.



non- conj ugated cyclic diene obtained by a specific nethod in which a crude
non-conj ugated cyclic diene is brought into contact wth an al kali and
then a lowboiling point fraction and/or a high-boiling point fraction are
removed, the activity of polynerization is significantly increased in the
pol yneri zation and copol ynerization of the non-conj ugated cyclic diene by
using .a specific catalyst conponent containing, for exanple, an organic

al um num oxy conpound and/or ionizing ionic conpound, to conplete the
present inventi @he ShiVBMARYreFhikE bBNYENTILONAG thhs &hedbjuedhgoh the present
invention to provide a non--conjugated cyclic diene enabling the

product i ononf-canpulgylrteld cpaded dhnenenclbbajngdtled «\yadeci fiemetdtod i gh
degree of merization activity. Another object of the present invention
is to pr ovgéé @ pordeonn-ggal egaspel dyc dieAsere imsdsi U@t inhpcierdrall es t he
production of a polyner based on non-conj ugated cyclic diene at a high
degree of W&Bhyﬁ%rﬁzlaﬂbrﬁ%ﬁhﬂqy 4Ry~ bﬁaélﬁggmowés%?w%@o%taamqma A
further o jeg of .the esent inyention is to provide a nethod g
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cyclic diene is stored for l'ong period o
aluminumoxy compoundand/or ionizing ioniccompound, tocomplete

the present inventiocon.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a
non-conjugated cyclic diene enabling the production of a polymer
based on non-conjugated cyclic diene at a high degree of
polymerization activity. Another object of the present
inventionistoprovideanon-conjugatedcyclicdiene composition
which enables the production of a 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
objectof thepresent inventionistoprovideamethodofproducing
a 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



Accordi ngly, 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 conpound (A) having a seven-nenbered cyclic triene
hydrocarbon structure in such an anount that the ratio (Wa/Wl) of the

wei ght (Wa) of the compound (A) to the weight (W) of a non-conjugated
cyclic diene is O or nore and 5 X 10-6 or less; and (2) it contains a
conj ugat ed pol yene conpound (B) having an eight-nenbered bicyclic

hydr ocar bahestonetom ugatsdcly @nc atewnst ithatotdd foat bolONG/ M) ied dhe

wei ght (W) of the compound (B) to the weight (WI) of a non-conjugated
cyclic di &dmei.,.s 0 or nore and 30 X 10-6 or less. Al so, the present

i nvention provides a non-conjugated cyclic diene conposition conprising

t he above non- c3aFagdiedlyecyéhecrdrenatantdvantanni pxryades The present
invention provides a first nethod of producing a polﬁggr.based on

non- conj ugaredoeyerIRE e erfel toM3EIS ARAT3ERRFYFAG thERaBove Sidi-sddfsugat ed
ol ymor | 2861 SRS65t BPSLP L SEar AL HGVARSor JanFESal Grinum oxy  Gompound and! or
a0, om 219 1Ol cOTEUE, They PLEgEIld L ol 30 K 2 deg e ond
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catal yst ¢cQRti@i AN LI E1 8 HTWAYRF the compound (A) to the weight

(Wd) of a non-conjugated cyclic diene is 0 or more and 5 x 107°

or less; and

(2) it contains a conjugated polyene compound (B) having
an eight-membered bicyclic hydrocarbon structure in such an
amount that the ratio (Wb/Wd) of the weight (Wb) of the compound
(B) to the weight (Wd) of a non-conjugated cyclic diene is 0
or more and 30 X 10° or less.

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

The present invention provides a first method of producing
a polymer based on non-conjugated cyclic diene comprising
supplying the above non-conjugated cyclic diene to the
pclymerization or copolymerization using an olefin
polymerization catalyst containing an organic aluminum 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



oxy conpound and/or an ionizing ionic conpound. The present invention also
provides a third nethod of producing a polynmer based on non-conjugated
cyclic diene conprising supplying a non-conjugated cyclic diene which is
obtai ned by bringing a crude non-conjugated cyclic diene into contact with
an alkali and then renoving at least a part of a |ow boiling point
fraction and at least a part of a high-boiling point fraction to the

pol ymeri zati on or copolymerization using 'an ol efin polynerization catal yst
cont ai ni ngoaposigannctaldhd pulymexyz&onpawr capd/lgmean za@Roal g1 he RinC
conpound. The present invention also provides a fourth nmethod of producing
a pol yner ohased polyoar toaf ugatedaycdtt cotitene ingoaprosyangt S wipimiinmgn a

non- conj ugat ed cyclic di ene conposition containing a non-conjugated cyclic
di ene mhi@Hyi§ombpahdednﬁyorbamngbngZén@r@@@i@o@om@@p@gated cyclic diene
into contact wwth an alkali and then renpving at |east a part of a

| ow- boi I'i ng poifhe PE&EERENn1ANENALCRe8dECapaPY 18FSaRi §h1ik6I Mekgpsi Al
fraction and an antioxidant to the polynerization or copolynerlzatlon

usi ng an BFQﬂPHlBQI9n€P#Z§FFoHaégﬁaPFspoéoﬁpéﬁH9ﬁ§e§nC@F&éﬁ L€&Cuni num oxy
conmpound and/ or. an i oni i_oni ¢ _conpound Hﬁ ased
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non-conj ugated cyc tRe present y u5|n an olefin
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to be produgedodt idghhdindeghaee i8h Hoh wrelézat Ia%aﬁewfvamgh—boiling
point fraction to the polymerization or copolymerization using
anolefinpolymerizationcatalystcontaininganorganicaluminum
oxy compound and/or an ionizing 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 cobtained by
bringing a crude non-conjugated cyclic diene into contact with
an alkali and then removing at least a part of a low-boiling
pointfractionandatleastapartofahigﬁ—boilingpointfraction
and an antloxidant to the polymerization or copolymerization
using an olefin polymerization catalyst containing an organic
aluminum oxy compound and/or an ionizing ionic compound.

A polymer based on non-conjugated cyclic diene may be
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



and al so has high preserving stability. According to the first nethod of
the present invention for producing a polyner based on non-conjugated
cyclic diene, a polyner based on non-conjugated cyclic diene is obtained
at a high degree of polynerization activity. According to the second

met hod of the present invention for producing a polynmer based on

non-conj ugated cyclic diene, a polyner based on non-conjugated cyclic
diene is obtained at a high degree of polynerization activity and al so,

t he non- coidj tigatpede ey iiovenenenexhabl és aanbnghodegreaecdfl cyPol y rEirdrzat i .on
activity in the case of polynerizing it after it is stored for a |long

peri od of peilyperAstioe girngutedtdiea hhighdiegstdrouf pblyherpresenn dahdernittivon f or
produci ng a polyner based on non-conjugated cyclic diene, a polynmer based
on non- coRPdgated bgel hd ol exesesvébtaistedidtitya hi gh degree of

pol yneri zation activity. Also, the |oss of _the non-conjugated cyclic diene
i s reduced in aPSEPFELNEF Lot FRat FbRts BeFore Pheths Rissieriavasition

olyneri zed, show ng the thod.to be highly econom cal. According to the
fourth metRSASHPORHARR eI BRGSO OB Br R pPORLPREES S Yo teibed on

ron conl VgLl Gucl L ene, 2 B0l e ion 1ol UL, syelye diene

i s obtainéed a hig egree o 1z

non- conj ugat,g hc&gég%edb%n 8 %Qﬁ%%tio%iggt %Sﬁ of polynerization

activity 1n the case of polynerizing it after is stored for a |long

period of tinme. APELALLED DESGR RHMN OhectHEd BYENL MNesent invention

for producing a polymer based on non-conjugated cyclic diene,
a polymer based on non-conjugated cyclic diene is obtained at
a high degree of polymerization activity and also, the
non-conjugated cyclic diene exhibits a high degree of
pelymerization activity in the case of polymerizing it after
it is stored for a long period of time.

Accorxrding to the third 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. Also, the loss of
the non-conjugated cyclic diene is reduced in a series of
treatmenfs before the cyclic diene is polymerized, showing the
method to be highly economical.

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

polymerization activity in the case of polymerizing it after



A non-conjugated cyclic diene, a non-conjugated cyclic diene conposition
and a net hod of producing a pol yner based on non-conjugated cyclic diene
according to the present invention wll be hereinafter explained in
detail. (Non-conjugated cyclic diene) The non-conjugated cyclic di ene of
the present invention 1is a cyclic conpound having two unsaturated bonds.
This non-conj ugated cyclic diene is preferably a hydrocarbon conpound
having preferably 6 to 20 carbon atons and nore preferably 6 to 12 carbon
atons. Exanmplies sab rickie foanacdongupatraddcyd itdmdi.ene of the present

i nvention may include, though not particularly limted to,

bi cycl o] 2. 2. 11hept - 2-ene derivatives having an al kylidene group such as
5- et hyl i denebi cycl o[ 2. 2. 1] hept - 2- ene( 5- et hyl i dene- 2- norborn ene),

5- et hyl i dene- 6- net hy PBiTéES] RESQRIFEFON Odn&HE INVENTION

5-et hyl i dene-6-et hyl bi cycl o[ 2. 2. 1| hept - 2- ene,

5- et hyl i dene- 6- ﬁsBBPoﬁ?PbFE?E?@[QYQl&TH%b@ﬂ? ghdion-conjugated cyclic

5-et hyl i dene-6-butyl bicyclo[2,2.1]h

5-n- pr opygilﬁgﬁeﬁ?re 8156‘[: op ‘:‘[f}ci’l@p"tn Eggﬂ of produc:.ng a polymer based on

g 2 Bigggklgene é%%#ﬁ¥%blc cIo %ﬁ%ﬁ%k ?d%néﬁgjthEPrese”tinvention
5-n- prOpyL,' g@nsefihb%%eﬁg@e'e@ %E((%ll%['%e% %Lh Rt=g8ne,

5-n- propyl i dene-6-butylbicyclo I"hept - Z-"ene,

S- '50prODXNbge@%HEQ§%E%h2c%c&h@eﬁﬁe%e?
S-isopropylidene-6-1ethyl bircycl of 2. 2 ]hept 2- ene,

S5-i sopropyl i dengnhB-edhyddi-rygd 8 & cFcllikedl eRe-EN@he present invention

5-i sopropyl i dene-6-i sopropyl bi cycl o[ 2. 2. 1] hept - 2- ene and
is a cyclic compound having two unsaturated bonds. This
non-conjugatedcyclicdiene ispreferably a hydrocarbon compound
having preferably 6 to 20 carbon atoms and more preferably 6
to 12 carbon atoms. Examples of the non-conjugated cyclic diene
of the present invention may include, though not particularly
limited to, bicyclo[2.2.1]hept—2~ene derivatives having an
alkylidene group such as
5-ethylidenebicyclo[2.2.1]hept-2—ene (5-ethylidene-2-norborn
ene), 5-ethylidene-6-methylbicyclo{2.2.1]lhept-2-ene,
5-ethylidene-6-ethylbicyclo[2.2.11hept-2-ene,
5-ethylidene-6-isopropylbicyclo[2.2.1]lhept-2-ene,
5-ethylidene-6-butylbicyclo[2.2.1]hept-2-ene,
S5-n~propylidenebicyclo[2.2.1]hept—~2~ene,
5—-n-propylidene-6-methylbicyclo[2.2.1]hept-2-ene,
S5-n-propylidene-6-ethylbicycle([2.2.1llhept-2-ene,
S-n-propylidene-6-isopropylbicyclo[2.2.1]hept-2-ene,
5-n-propylidene-6-butylbicycle[2.2.1l]lhept-2-ene,

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



5-i sopropyl i dene-6-butyl bi cycl o[ 2. 2. 1] hept - 2- - ene;

bi cycl o] 2. 2. 1] hept - 2-ene derivatives having an al kenyl group such as
5-ethenyl bicyclo [2 .2 . 1] kept-2-ene (5-vinyl-2--norbornene) ,

5- propenyl bi cycl o[ 2. 2. 1] hept - 2-ene and 5-but enyl bi cycl o[ 2. 2. 1] hept - 2- ene;
di cycl opent adi ene and cycl ooct adi ene. Anong t hese groups,

bi cycl o[ 2. 2. 1] hept-2-ene derivatives having an al kyl i dene group and

bi cycl o[ 2. 2. 1] hept - 2-ene derivatives having an al kenyl group are

pref er abl &-drdpropinydetena—2rerOrDoingaa ogrd 2 .5-)Wepy—22-<m@y,bor nene are nost
preferable. In the present invention, the conpound (A) having a

seven- nenbefiedpepelyild demneette efinpdrlddavied [£t.2udt] e ti-2-apreef erabl y a
conpound having a cycl oal katriene structure in at |east a part thereof

t hough no Spastisgbal idemet-gticepropyipdsadt Lod - i2t- ldme@pt-2-ene and

3,5-cycl oheptatriene and the |ike may be exenplified. That the

non- conj ugat-e@P&EPENiLd dgnenéd -buiabisysde 2a 2cdlpeRid2eREing a
seven-nmenpered _cyclic _triene_hydrocarbon structure may be confirned, for
exanpl e, 9C§66f>é§t-?n& IPRE RGN CEnPRGAVEELVEF IR EI BT et A MY IMIZOVMA ysi s
(Gas Chronatography Mass Spectronetry analysis) to determ ne the structure
of each &8%poAént to be contained. For exanpl e, 1, 3, 5-cycl oheptatri ene has

. . | h d :
a retentl%ﬂ€%?§ﬁg}%§% L16han %E%%%tga—e%gqgt%ﬁp&gggangr@ﬁg@ﬁ@ﬁ%graphiC

5-et hyl i dene- ene in G- al ysi's (‘'gas
analysis)Su?gggeﬁng@bgghgqzquqqﬂeggagaen%h%ndstructures can be identified
: ! R4 L2

when the ratio of "the intensities mass spectrumin an El nmethod shows
the val uesdeseehnlhedicyclo[2.2.11hept-2-ene; dicyclopentadiene and
cyclooctadiene. Among these groups, bicyclo[2.2.1]hept-2-ene
derivatives having an alkylidene group and
bicyclo[2.2.1]1hept-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 (A) having a
seven-membered cyclic triene hydrocarbon structure is
preferably a compound having a cycloalkatriene structure in at
least a part thereof though no particular limitation is imposed
onitandl,3,5-cycloheptatriene and the likemaybe exemplified.
That the non-conjugated cyclic diene contains such a compound
having a seven-membered cyclic triene hydrocarbon structure may
be confirmed, for example, by subjecting the non—conjugated'
cyclic diene to GC-MS analysis (Gas Chromatography Mass
Spectrometry analysis) to determine the structure of each
component tobe contained. Forexample, 1,3,5-cycloheptatriene
has a retention time longer than hexane and shorter than

S5-ethylidene-2-norbornene in GLC analysis (gas/liquid



inthe followng table. Table 1 Mass spectrunBPl1396551 Rel ative rati 01000328
32164 16146 14 Al so, the conjugated pol yene conpound (B) having an

ei ght - menbered bicyclic hydrocarbon structure nmeans a conpound having, in
at least a part thereof, a structure in which the ring is constituted of
ei ght atonms and these eight atonms fornms not a single ring but double
rings. The conpounds having such a structure are preferably, though not
particularly limted to, conpounds having a structure such as

bi cycl ooctamemartoghagpndlcomts bels eap vsimpartor-hsrlenf cobxanpl eshef, these
conpounds may include 2 -ethyl idene-bicyclo- [ 3. 2. 11 -oct-3-ene. That
t he non- stoncligaes cyulbc idicand fdedt whas S hrad iconjf ugat coh tim 4 iyteiress
conmpound having an ei ght-nenbered bicyclic hydrocarbon structure nay be
confirnedoff ér méﬁénﬁpectbymsylbj a2t Fhgneteod ey rifhgataddic e sax idieshe to
GC- M5 anal ysi s romat ogr aphi ¢ Mass Spectronetry anal ysis) to
deternlne1Ph§hes€P&&PHF§goFa€gSh conponent to be contained. For exanple,

2- ethylldgnglbliyclo [3.2.11-0ct-3-ene has a retention time |onger than 5
- et hyl -norbo rnene and shorter than normal decane in G.C

anal ysis (gas/liquid chronatographi c analysis) 9 using a non-polar colum.
Then, therstruetures—ean—bei+dent+H-ed—whenthe+ratho of the intensities
of a mass| MasceSMA afl Ell  ndhod| sho® the vallue described in the

fol I owi ng| Rakiis raliabl | 1600328 p80t { UB4B01@7 148:4k 91 134

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 structure are preferably, though not particularly limited to,
compounds having a structure such as bicyclooctene or
bicyclooctadiene inapart thereof. Examplesof these compounds
may include 2-ethylidene~bicyclo-[3.2.1]-oct—-3-ene. That the
non~-conjugated cyclic diene contains such a conjugated polyené
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)



Rel ative ratio 1000 70970 321 f 32 29429 294 29 294 29 In this case, DB-1
(trade name, manufactured by J&W Scientific Inc.) may be used as the

non- pol ar colum. Al so, Wa/Wil, Wo/Wl and the like in the present invention
are found as the . peak area ratios of FID GQC. The non-conjugated cyclic

di ene of the present invention 1is characterized in that it satis f ies at
| east one of the followwng (1) and (2) (hereinafter refereed to as
"non-conjugated cyclic diene |"); (1) it contains a conpound (A) having a
seven- neneried a systpolsricenemhydr vhan benesricitireed Gas beh dn@anmisd  t hat
the ratio (\Wa/Wl) of the weight (Wa) of the conpound (A) to the weight
(W) of awhem tbej ughiedofydie drdissreitiiee ) cdf ampresaspdeStxut0i® aorED ess,
preferably O or nore and less than 5 x 10-6 , nore preferably O or nore
and 4 x 10eghed |séoysafdenystl usr slescatibed drortheprfe ldme idgx tE®1& .or | ess;
and (2) it contains a conjugated polyene conpound (B) having an

ei ght - mrenfféPd& i cyclic hydrocarbon structure in such an anount that the
ratio (W/ Wi) of the weight (W) of the conpound (B) to the weight (W) of
a non-conjugated cyclic diene is Q0 10 or nmore and 30 x 10-6 or |ess,

pr ef er abl| Mags spectrpnr e| af@l |less27 t han 3D x [10- 6] ndre Yreferaldy Q or nore
and 25 x| Rerfivedatié S 108nd 7mst 701 ebetabl iy 264 P59 110joq +aRd| 364 X2d0-6 or | ess.
Accor di ngty,the non-tonjugated cyctic direnme—of the——present—nventi on nay
satisfy only (1) or (2) or the both. The above Wa/Wl and W/ W can be
found by GLC anal ysis. (Method of producing the non-conjugated cyclic

di ene) 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
ischaracterizedinthat itsatisfiesat leastoneof the following
(1) and (2} (hereinafter refereed to as "non-conjugated cyclic‘
diene 17);

(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 is 0 or more and 5 X 107°
or less, preferably 0 or more and less than 5 x 107® , more
preferably 0 or more and 4 x 10™° 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 hydrocarbon structure in such an
amount that the ratio (Wb/Wd) of the weight (Wb) of the compound

(B) to the weight (Wd) of a non-conjugated cyclic diene is 0

10



The af orenenti oned non-conjugated cyclic diene (non-conjugated cyclic
diene 1) according to the present invention may be obtained by bringing a
non-conj ugated cyclic diene (hereinafter referred to as "untreated
non-conjugated cyclic diene"” if necessary) which satisfies the follow ng
(3) and (4) into contact with an alkali, for exanple, and then by
separating and renoving at |east one of a lowboiling point fraction and
at | east one of a high-boiling point fraction with distillation operation;

(3) it coptraimpseaandnpouxd1(”) dmvieng a meferaEiber ed el iand riene
hydrocarbon structure in such an anount that the ratio (Wa/Wl) of the

wei ght (Wehaof 30he Idbfpounde (pYe faxaihey eioghtoreVdhdo 5 ax idn® comjlegat ed
cyclic polyene exceeds 5 X 10-6 , for exanple, in an anount rangi ng from
10 x 10-6ang 2e6tx preferagpdd O4pr mogeneadng Oa>cdh] ugat déepol yene conpound
(B) having an eight-nmenbered bicyclic hydrocarbon structure in such an
anount that thePFaPreipebrwdyhef NPRscRBl yretedhryst ichdieaspedndhe(B) to

t he wei ght QWd% of. a non--conj ugat ed gyclic pol yene exceeds. 30 X 10-6, for
exanpl e, PASEAPEMSGNEN ARG AGYF Pemt85Yx °T8Y6 Hd” °Fod 2t Pd- dherPogd g

non- conj ugat ed clic diepe tisfyin he abov 3 or.(4).,. for exanple,
comercially avg?[lfea% 8"%?@%@@ & Jaﬁdb@& Sﬁpagﬁego\sﬂ&ﬁ%aqL.c CRAAAIS = %cont act
treat ment )o,Betgre Jhe.nancqan ugal ad cvaliic diene Aeqerding g the present
invention 1s produced, Tor exXanple, alKka dontact~ treatment is first

carried out in whkchr8 -BRABREIBLEEAHEA-E¥E LGated cyclic diene

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

(3) it contains a compound (A) having a seven-membered
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 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 cdmpound.(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 theweight (Wd) of a non—-conjugated cyclic polyene exceeds
30 X 107%, for example, in an amount ranging from 35 X 107° to

400 x 107°.

11



di ene (untreated non-conjugated cyclic diene) which satisfy the above (3)
or (4) is brought into contact wwth an alkali. Exanples of the alkali used
in the contact treatnent with the above crude non-conj ugated cyclic diene
i ncl ude aqueous NaOH, aqueous KOH and aqueous ammoni a. The concentrati on
of each of these aqueous alkalis is usually 0. 001 N or nore and
preferably in a range fromO0.05 to 1.0 N. Wen the untreated

non-conj ugated cyclic diene is brought into contact with an aqueous

al kali, the aquaeusnahkabhjugatiged-ydhi@ di@hieosdHyi yOf Ling tofe alseakl(3)0. 001
to 100 and preferably 0. 1 to 10 to 1 of the untreated non-conjugated
cyclic di eme (dxt doe. exBhwleontanmetricie ldly tive ilatileatedduetsc arjnudgeat ed
cyclic diene wth the aqueous alkali is usually to 100 m nutes and

pr ef er abl pbtBipngd3dnniusyeds. The contact tenperature is usually in a range
fromO to 100' C and preferably in a range from 20 to 800C, though no

parti cul afPkAliacrasars CHE8$EEGA it. Wien the untreated non-conj ugat ed
cyclic diene is_brought into contact with the aqueous alkali, the m xture
may be stirred. BREDSE LhE T Tt P HGR CHTUGafleBNEyRFFRI A RALT S5 ought
into contac%sgkkhi%he g ueous alkﬁli, th% non-c%%iugatgg iclic,12 diene is
separ at edPFFEFThe W& Er CPhaSe PEPRYFRE / préde v &rit o 1duSh &  bper at i on
as nentio e lLy : bni ngl . - j t ed
Syclic  drens et tedtaRe e h PR Tadtnt B At BBRr s R

e huBTRE (S ExchENELEOML S AR P, TR e f pER) P 1
above (3) or (4) is brought into contact with an alkali.

Examples of the alkali used in the contact treatment with
the above crudenon-conjugatedcyclicdiene include agqueous NaQH,
aqueous KOH and aqueous ammenia. The concentration of each of
these aqueous 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 ratio by volume of usually 0.001 to 100 and preferably 0.1
to 10 to 1 of the untreated non-conjugated cyclic diene mixture.
The contact time of the untreated non-conjugated cyclic diene
with the aqueous 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-conjugatedcyclicdiene isbrought

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

12



with the untreated non-conjugated cyclic diene and with water may al so be
used. Specific exanples of a nmethod of using a solid alkali include a
method in which the solid alkali is made to coexist with an untreated

non- conj ugated cyclic diene/water mxture in a batch systemand a net hod
in which an untreated non-conj ugated cyclic diene/water m xture is flowed
through a colum packed with a solid alkali. Specific exanples of the
solid alkali include basic ion exchange resins, hydrotalcite and

i on- carrydignei liscaepbrated fresenhe waeertd @hasaf.ter the untreated

non- conj ugated cyclic diene is brought into contact wwth an alkali, it may
be further broughtthetoecamntachventhononsexiclrangpernétion a5 ntentilanesl t o
carry out a separating operation, followed by washing the non-conjugated
cyclic di erRevewiane e thgreaeeess ednb ey Liga e syetfenilieated Susrlaght
into contact with ion exchange water after brought into contact wth an

al kal i, tHéePEniRkENEPRERTRIETH ShgsagurRug rakRrolgnd \RARARR BN ILE |y

0.001 to 100 and.preferably 0.1 to 10 to 1 _of the non-conjugated cyclic
di ene. ThBOBGAPEILIRTRE FEUFFed o BEPRy thhe JE0REGoRNGR Brted by

bri ngi ng tggeg%%rea %%a 3tnonéconjugated cyclic diene into contact with an
al kali info congag wth theSiron exchange water is usually 1 to 100

mnutes and prebergblat 0o 0501 DULASTNE GONACt  PIRRLAINES 1

usually in a range m preferab I'n a ran romz20 to

80" C t hough Rorparid il & ed iMB APt 4928 OB ehb- aNHEM 4§ GuWONeENt

obt ai ned by bringing the untreated”™ non-conjugated cyclic diene into

contact Wik 41he Bekaddd | S 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 flowed through a
column packed with a solid alkali. Specific examples of the
solid alkali include basic ion exchange resins, hydrotalcite
and ilon-carrying silica.

In the present invention, after the untreated
non-conjugated 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
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brought into contact - with ion exchange water, stirring may be carried out.
After the conponent obtained by bringing the untreated non-conjugated
cyclic diene into contact with the alkali is brought into contact with ion
exchange water, the non-conj ugated cyclic diene is separated fromthe

wat er phase. In the present invention, such an operation as nentioned
above, nanely the process of the conponent obtained by bringing the
untreat ed non-conjugated cyclic diene into contact with the alkali is

br ought i mba-contjact twid kyvicad ceddbangénnat esonaadec separat iaigkdhe inddg eat ed
non-conj ugated cyclic diene fromthe aqueous phase nmay be repeated plural
ti mes. (Dicstitlalcdt wohl tHen ibheepcbange ivaatef ishesnahliydnjteghd @dioywdess di ene
according to the present invention, the untreated non-conjugated cyclic

di ene i s Breugreferedlyodt &6t W minakesal kEhie, cantiachehemperassreaipart of
a lowboiling point fraction_and at leasf a part of a high-boiling point
fracti on ¥¥3ld¥oved2 £RBAFt hE°Me8ulePi hB0 ompshamialenaly ithe |49%vi | i ng

point fraction_.in th resent 14 invention are.conponents djstilled from
the top of-*q™ BReFSbEI Bt EASHGN TPy BAEFORTARE HELFRE SO o bHRIS Y Kem

Lot RS e BOTRENERhE HLEL LbERLLEATLANE 108,81, BLOVRL LOLAe cace

oo e, ECBe SRR L DA BRER UG MRS R Rl LA Y

hi gh- boi | g RRNEnE6ACLA PRt Svith ion exchange water, stirring may be
carried out.

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

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

{(Distillation)

In the production of the non-conjugated cyclic diene
according to the present invention, 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 point fraction are removed
from the resulting components.

Here, the low-boiling peoint fraction in the present

14



conponents left non-distilled in a tower after main fraction is distilled
fromthe top of the tower in a batch system distillation and i s conponents
wi t hdrawn fromthe bottomof a tower in the case of distilling a nain
fraction fromthe top of the tower in continuous distillation, wherein in
both cases, the high-boiling fraction usually contain a non-conjugated
cyclic diene which is a target conponent. It is to be noted that products
obt ai ned by subjecting a comrercially avail able non-conjugated cyclic

di ene (untingained onnare conpuganed diyctill <l Eneh Hie the offcd egakR®Qerfore

al kali-contact treatnment usually contains |owboiling point inpurities in
an anounmadin dhegt ien] are BiG%iBy aeseiightbadmd ygt-aroidiisig ld@itriton or
inmpurities in an anount of about 0.01 to 0.05% by weight. A |ow boiling

poi nt fr a€erEenSad sa Hisghi-B6d ifrgrpditgt toir &dt iforkcaes dgudiney qa@eowdd by
distillatigon using a caonventionally known distillig%htomer. As the form of

the tower V1tRRFaghng mady dygetion dgeralthsadatiemn thegRoate pddki ngs nmay

be used wi thouyt an r obl Jn the disti]lation of the nan-cqnjugated
Cyclic di GRBTIIERASET Sohl FRLTORS RERELEThEOL RRARE by CHOr ST B S Al der

LG G RV A I M

180' C or |ess, "prefrera

AS 10 the sRr 8SeulGed ROrdloabdld. At kAl heHSHALEL YngCREEhEd cOUL UBflet o educed

pressure to neet the requirenments as enperature Condi ti on.
The condi Eb&?;o&%@st tb79 nBh-bRELL9WRE § APl EIREE &l & & ANg| Ne-J a0 to

100" C is preferable taking a cooling mediumused in a condenser and the
capacity is distilled from the top of the tower in a batch system
distillation and is components withdrawn from the bottom of a
tower in the case of distilling a main fraction from the top
of the tower in continuous distillation, wherein in both cases,
the high-boiling fraction usually contain a non-conjugated
cyclic diene which is a target component.
It is to be noted that products obtained by subjecting
a commercially available non-conjugated cyclicdiene {untreated
non—-conjugated cyclic diene) to the foregoing alkali-contact
treatment usually contains low-beciling 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. Asthe formof the tower,
any of a tray type, irregulaf 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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of a vacuum device into account. The nunber of stages is preferably 5to
100 and nore preferably 15 to 60. The reflux ratio is preferably 0.1 to 50
and nore preferably 0.5 to 10. Wien the lowboiling point fraction and the
hi gh-boiling point fraction are renoved, these |owboiling point fraction
and high-boiling point fraction are renoved in desired order. \Wen
renmovi ng the lowboiling point fraction and high-boiling point fraction, it
is preferable to renove each in an anmount of 0. 05% by wei ght or nore,
pr ef er abl ye@ct@bntam2lRe nby-wehghyaasd cyerd g efes abkeletfo rd@ranl atei ght
based on the weight of the non-conjugate cyclic diene which is a target
before diestlBDP¥Y orAlless,t heedboakblpoh2@Whjougited anadneraipere eofaltihye
present invention may al so be produced by treating the aforenentioned
unt r eat ed 1A8RC cohjleggat ells Gy the pifeseuie, tihe toskowmlagieanhemsually
Specifically, the lowboiling point fraction and the high-boiling point
fracti on §PETAERDYCE URARN §1‘3%I‘-1IC§fii BRESTHES 1S3 EhAgr9oL hremenies iddh and
respectively preferably renoved in an

hi gh-boi l i ng point fraction is g
amount of t?%ﬁ? %é‘?%tten@rerﬁﬁruéfe ﬁngiéFérBF‘y 2The W)@h%%i%ﬁ“%%r e

f bl 16, to 20% i_ght_ based h i gh t he, - ' t
pr et er abl 4,30, 9 PR LU A, Desed,on, Ehs i) aD ok Lhey Tlen- g uaat e
cyclic di %Qﬁiﬁﬁog‘ 888&99?%9@&%{%&&%&% n d&%&{‘ea%d ”clhteh%a%%‘)"iec ranner
according to thHe present invention is supplied to the po ynerlzéil n or

copol ymer ;zaki 98 cisingevi e €%aBPLeco3R0! ekhD pokyORrbgakiggescatal yst
contai ni ng an organi ¢ al um num oxy conpound and/or an
preferably 5 to 100 and morxe preferably 15 to 60. The reflux
ratio is preferably 0.1 to 50 and more preferably 0.5 to 10.

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

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

Also, the above non—-conjugated cyclic diene of the present
invention may also be produced by treating the aforementioned
untreated non-conjugated cyclic diene in the following manner.
Specifically, the low-bciling point fraction and the
high-beiling point fraction are removed by distillation. The
low-boiling point fraction and high-boiling 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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i oni zi ng ionic conmpound, the polynerization activity is higher than in the
case of using a commercially avail abl e non-conjugated cyclic diene as it
is. This is considered to be because the content of the aforenentioned
conpound havi ng a seven-nenbered cyclic triene hydrocarbon structure

and/ or the aforenentioned conjugated polyene conpound havi ng an

ei ght - nenbered bicyclic hydrocarbon structure is small. In the third and
fourth methods of producing a polynmer based on non-conjugated cyclic diene
accor di ngtbo2 0 e ypresent badJueohi s waighn-eOrheugahedosyaldte dyeilg c
(hereinafter referred to as "*non-conjugated cyclic diene 2") obtained by
bri ngi ng dieceuddicbnicon) tgated dpdoire diiendlilekdo contact wth an al kal
and then by renoving at least a part of lowboiling point f raction and at
| east a part of Whieghtbei hiongcpoiingatedcciven iics disag. (Tha-gon]cgnjtegat ed
cyclic diene _in the non-conjugated clic diene 2 is a cyclic conpound
havi ng twﬁyﬁﬁ§§td%aﬂédlbdmﬁﬁlnqﬁﬂélﬁéﬁ-é@ﬁﬁﬁgﬁﬁéﬁeéy%¢¢%r@¥%%éx?§he
preferably a hydrocarbon npound _and i s a_hydrqcarbagon cqnmpound havi ng

pr ef er abl rGS?Gt Q@V@§FBBH éFoﬁEpQﬁ&eﬁDFQ FREF BT 2es 1pn @éfbon at ons.

As th t I di f th t
bi cycl of 2 2POIRBRE 5B aRPT Ot | Yk SHAVIG e af K51 1 GHe P S

bi cycl of 2.2 Lhyept g%ﬁgfngﬁzﬁ ELENER YT 10, Al ALKEINECIRAUR BT S oo

pr ef er abl € "an Bor iene - an -norbornene

are most pLefie ﬁ Lon AS A nl%fdthagé%mééfi‘é&oﬁ %t&%?cﬁ; ]{2% YaRd cyclic

di ene 1, thoug o particular imtati I nposed on it exanpl es

of the cryd@nNQN:£ORLUEA£Ys Gl Sorth@Ria1ly available non-conjugated
cyclic diene as it is. This is considered to be because the
content of the aforementioned compound having a seven—membered
cyclic triene hydrocarbon structure and/or the aforementioned
conjugated polyene compound having an eight-membered bicyclic
hydrocarbon structure is small.

In the third and fourth methods of 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 27) obtained by bringing a
crude non-conjugated cyclic diene into contact with an alkali
and then by removing at least apart of low-boilingpoint fraction
and at least a part of high-boiling point fraction is used.

The non-conjugated cyclic diene in the non-conjugated
cyclicdiene 2 is a cyclic compound having two unsaturated bonds.

This non-conjugated cyclic diene is preferably a hydrocarbon
compound and is a hydrocarbon compound having preferably 6 to
20 carbon atoms and more preferably 6 to 12 carbon atoms. As

the non-conjugated cyclic diene of the present invention,
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i nclude the follow ng non-conjugated cyclic dienes. Specific exanples of

t he crude non-conjugated cyclic diene include (a) those obtained by
distilling crude petroleumoil, (b) those obtained by cracking and

i somerizing petroleumoil, followed by distilling, (c) those obtained by
carrying out distillation after a Diels-Ader reaction and (d) those
obtained by running a Diels-Alder reaction, followed by isonerization and
distillation. In the crude non-conjugated cyclic diene, there is the case
where a cbipguld [X.ar. 1ahepipauatieYdetrakagiaepl davihowang alkie ildenleow ng
peaks in GC-Ms spectrum exist. Here, the conpound X is a conmpound which has
a retenti gmoupi aed bnggclblidnZhéxaretaddeskodieeiviltdres having an

5-et hyl i dene-2-norbornene in G.C analysis (gas/liquid chromatographic

anal ysi s) ad¥eny laoreie pokarr et uinl arddof - ek yhidehe— 2 arp vbofnehe and
intensities of a mass spectrumin an El nethod shows the val ue descri bed
in the foPlrEwiHg LapPreboTasre 3regndwis Prafecaim Rerateser tagd olmEhe00 39

328 32 65,164 _16 51 , . . .
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.

Specificexamplesof the crude non-conjugatedcyclicdiene
include (a) those obtained by distilling crude petroleum oil,
(b) those obtained by cracking and isomerizing petroleum oil,
followed by distilling, {(c) those obtained by carrying out
distillationafter aDiels-Alder reactionand {(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
5-ethylidene~-2-norbornene in GLC analysis {(gas/liguid
chromatographic analysis) using a non-polar column and of which
the ratic of the intensities of a mass spectrum in an EI method

shows the wvalue described in the following table.

Table 3
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146 14 Al so, the conpound Y has a retention time longer than 5-ethyl
i dene- - 2- -nor bornene and shorter than normal decane in GLC analysis
(gas/liquid chromat ographi c anal ysis) using a non-polar colum. Then, the
structures can be identified when the ratio of the intensities of a nass
“spectrumin an EI nethod shows the value described in the follow ng table.
Tabl e 4 Mass spectrum 80 27 119 41 91 134 Relative ratio 1000 709 70 321
32 294 29 294 29 294 29 As the non-polar colum, DB-1 (nmanufactured by J&W
Scientific Inc.) may be used. As regards the conpounds X and Y contained
in the crw@&g&y&&pnjug@ﬁed cycggc Iengs the qgnpound X is contained in
such an & UUHL that—tihe ﬁtlu %% 1 the conmpound X to the
-‘l“ I

vei ght ( Y2 %e tlar' f udé$$gg P& Wi dne i s preferably a

n
val ue exceedlng 5 x 10-6 and, for exanple, inaratio of 10 x 10-6 to 200
x 106. In the case of the conpound Y, the conpound Y is contained in such

an anount that k?e rati o of g (W % npau d Y to.the
wei ght (Wdd) of Re t%bSeFOWBHuE njuggﬁe ﬁ% P% 8Pe%é EOBQSFeEQBPy a
val ue excgeglcggﬁﬂ ¥1e19~|§59‘g0 I ﬁﬁcpghSrteQ t}‘?%nr ﬁ&kéﬁa?f 5%1{%1}9 @R,Pr nmore

and 400 x 1 ess res of I mpurities I'Acl Ut

cont ai nedahal§%lgoW@%@?llahhxda%ﬁlrbagk%g@%h%ma&aa Led 9y eldiggdienes, for

exanple oxygen- cont'al ni ng conmpounds sdch™as per oxi des an iI"'soners (e.g.,
5-vinyl - 2nparpenaengsi fint he tase ehe StLldyhidenen?HR0I BOLHLPEId 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 80 27 119 41 © 91 134
Relative ratio 1000 T09+£70 | 321 4£32 §204+20 | 204 +29 | 204+ 29

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

Examples of other impurities include those contained in
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For exanple, a commercially available cyclic olefin non-conjugated cyclic
diene usually contains inpurities in a ratio by weight of 100 X 10-6 or
nore, for instance, 100 X 10-6 to 1000 X 10-6 to the target non-conjugated
cyclic diene. In the third or fourth nmethod of producing a polynmer based

on non-conjugated cyclic diene of the present invention, the sane nethod
that is used in the aforenenti oned nethod of producing the non-conj ugated
cyclic diene 1 maybe exenplified as the nmethod in which the crude

non- conj ugainge reyellily @vane abs ebnhewglioniie teeoriyaati cndiknss aldeal | and as
the nethod in which at least a part of a lowboiling point fraction and at
| east a paxbmpflea oliyglenbeohitad nfoightcchpachiden saich renpead fikdes tanel
non-conj ugated cyclic diene which has been brought into contact with an

al kali . Waspmgrsoriecgnj. Ggategleyehiochdirawae? ightthiened sley ofubj ecting a
commerci al ly avail abl e non-conjugated cyclic diene (one exanple of the
crude nonoc@ffiigateaccychrebeirasdp)to the aforenentioned al kal i -cont act
treatment and distillation is used as a_nononer for olefin polynerization,
it exhibits hi gheF SB8MPAEri 2afPBRSEELRYIYY 2VRAA P St K¥CddSe Cd TS ng t he
connerciall¥ avai.l abl e non-ionjagated c%ciic diene,as jt is, . The

non- conj uf8PeGCRY BEPLSEi EXE1SCaP LB ExAFBR L LY sEP FA H-§HEPPUL Lt ifRri & i on

activity than a non: conl ugated Gyghie diene obfained by carryf 00, gu
£he¥ 1 T o nethods: *(ho i &y

refining an e”usi ng ot hér n-conj ugate i c diene

conposi tieg) 1 hag QP@DGDQLUQEE?@a9§8%iﬁoﬁLﬁgﬁgﬁggEggiE&%gi%cﬁﬁ%ﬂkﬂg to the

present I nvention IS a conpositio herei natter referre

In the third or fourth method of producing a polymer based
on non—conjugated cyclic diene of the present invention, the
samemethod that isused in the aforementionedmethodof producing
thenon—~conjugatedcyclicdiene lmaybeexemplifiedas themethod
in which the crude non-conjugated cyclic diene is brought into
contact with an alkali and as the method in which at least a
part of a low-boiling point fraction and at least a part of a
high~boiling point fraction are removed from the non-conjugated
cyclic diene which has been brought into contact with an alkali.
When anon-conjugatedcyclicdiene 2 obtainedby subjecting

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

obtained by carrying out refining and the like using other
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to as "non-conjugated cyclic diene conposition 1") conprises the
non- conj ugated cyclic diene (non-conjugated cyclic diene 1) according to
the present invention and an antioxidant. Al so, a conposition conprising

t he non-conj ugated cyclic diene 2 and an antioxidant is referred to as
"non-conjugated cyclic diene conposition 2" if necessary. (Antioxidant)
Exanpl es of the antioxidant used in the present invention include a phenol
type antioxidant, sulfur type antioxidant and phosphorous type

ant i oxi dastkethbxanpl es of the phenol type antioxidant include phenols such
as 2,6-di-tert-butyl-nmethyl phenol, stearyl (3, 3-dinethyl-4-hydroxybenzyl)
t hi ogl ycol(&be,~costjeaeaytledp-cf4-1hyd doxyre3 conghostigritonhut yl| phenol ) propi onat e,
di stearyl -3,5-di-tert-butyl-4-hydroxybenzyl phosphonat e,

2,4, 6-tris(31, 5Thgi nerreoningd ted cygdrioxgbene Wortpios)i-th,cdy Sccordand i

di stearyl hydr oxy- 3- neth¥l-5 tert-butyl benzyl ) nmal onat e,

2,2 - neth&@@n@ﬁ?§€ﬂtnéﬂﬁ9p BOPet§- %nﬁ%@&ﬂﬁ#ﬁﬂ9n (herElnafter referred

4, 41-neth Ienebls 2,6'-di-tert-but henol ) Y ,
2, 2" - met hyPeRsbi g% GPna@gﬁ‘;}Féyey‘aﬁégy@}%n%r%@msltlon L") comprises

b 3,5-b 4-h t-b ph | 1 d | 4, 4
'I-SE)utyHIZ‘%e&}S{l E%I‘ﬁ&pﬁ‘tsﬁrwgﬁer%i% B Eny 854 Ela YRl WS
1,1, 3- tr|§§2 %@ lnéih%d% BE q%&'nQH%%%a%Ef%%n ﬁ i oxidant.

bis[2-terf- but |- roxy tert
Jbenzyl)phenyll tere
abi&h Q?E@%b%%grl@ncomprlsbﬁgﬁﬁﬁruxl on ugatedcwcllc

1,3,5-tris(2, 6-di net’hyl oxy-4-tert benzy
diene 2 and an antioxidant is referred to as “non-conjugated
cyclic diene composition 27 if necessary.
(Antioxidant)

Examples of the antioxidant used in the present invention
include a phenol type antioxidant, sulfur type antioxidant and
pheosphorous type antiocoxidant.

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—hydroxy—3,5—di;tert~butylphenol) propionate,
distearyl-3,5-di-tert-butyl-4-hydroxybenzyl phosphonate,
2,4,6-tris(3’,5"'-di~tert-butyl-4’'-hydroxybenzylthio)-1,3,5-
triazine,
distearyl(4—hydroxy—3—methyl—5—tert—butylbenzyl)malohate,
2,2 -methylenebis (4-methyl-6-tert-butylphenocl),

4,4’ -methylenebis (2,6 '-di-tert-butylphenol),
2,2'-methylenebis[6- (1-methylecyclohexyl)p-cresol],
bis[3,5-bis[4-hydroxy-3-tert-butylphenyl]lbutyric

acid]glycol ester, 4,4'-butylidenebis (6-tert-butyl-m-cresol),
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nurate, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-2,4,6-trineth

yl benzene, tetrakis[nethylene-3-(3,5-di-tert-butyl-4-hydroxyphenyl)pro

pi onat ej net hane, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)i socyanurate,
1,3,5-tris[(3,5-di-tert-butyl-4-hydroxyphenyl) propi onyl oxye

thyl |l i socyanurate,
2-octylthio-4,6-di(4-hydroxy-3,5-di-tert-butyl)phenoxy-1,3, 5-triazine and
4,41-thiobis(6-tert-butyl-mcresol) and pol yhydric phenol carbonic acid

ol i go est ér,4 ,Sudlr ias( 2ameahydride hyatriokyelS-g@ resterc g hgny 1 Jdegier: of

pol ynmeri zation: 2 to 10) of

4, 4' - but y biigd Retfiest2-udrytl —surimg thiy-Irst-hy2lhlyeirolx)y —~ 3Etami -és tofl tShenegailyf ur
type antioxidant include esters (e.g., pentaerythritol

t et r al aur yoERizap Gpicaydtl e regephgdlaliaterni ¢ al cohols (e.g., glycerin,
trimethyl gl _ethane, _trinethylol propane, pentaerythritol, _

t ri shydr odyiPsocyaid (&t &) GGehba i tWics @y dpiteFdr @ whivdn bap zvdidsaawd -

di nyristyl - o&_distearyl-propionate and al kyl t hi opropi onic acids such as
butyl -, ofty¥PrS+auryl- or stearyl-thiopropionic acid. Exanples of the

PhoSphi t o CrEOBEI (HES AR (8 25 By ARy ERea e, 1ot fmen

(but oxyet IET T BRESaN to, Tl s(hony! phenyl ) phospii ter o S

di stearyl pertagn weth9 endBNASPRIIE —tert-butyl-4~hydroxyphenyl) pro
pionatelmethane,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl) isocyanurate,
1,3,5-tris((3,5-di-tert-butyl-4-hydroxyphenyl)propionyloxye
thyl]isocyanurate,
2-octylthio-4,6-di (4~hydroxy-3,5-di-tert-butyl)phenoxy-1,3,
S5-triazine and 4,4’'-thiobis(6-tert-butyl-m-cresol) and
polyhydric phenol carbonic acid oligo esters such as a carbonic
acid oligo ester (e.g., degree of polymerization: 2 to 10) of
4,4’—bu£ylidenebis(2—tert—butyl—5~methylphenol).

Examples of the sulfur type antioxidant include esters
{e.g., pentaerythritol tetralaurylthiopropionate) of
polyhydric alcohols (e.g., glycerin, trimethylol ethane,
trimethylol propane, pentaerythritol,
trishydroxyisocyanurate) of dialkylthiodipropionate such as
dilauryl-, dimyristyl- or distearyl-propionate and
alkylthiopropionic acids such as butyl-, octyl-, iauryl- or
stearyl-~thiopropionic acid.
Examples of the phosphorous type anticxidant include

trioctyl phosphite, trilauryl phosphite,'tridecyl phosphite,
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tetra(tridecyl)-1,1,3-tris(2-nmethyl-5-tert-butyl -4-hydroxyp henyl) butane
di phosphite, tetra (C 2-C.5 mxed alkyl)-4,4"-isopropylidenedi phenyl

di phosphite, tetra(tridecyl)-4,41-butylidenebis(3-nmethyl-6-tert-butyl phe
nol ) di phosphite, tris(3,5-di-tert-butyl-4-hydroxyphenyl) phosphite,
tris(nmono/di m xed nonyl phenol) phosphite,

hydr ogenat ed- 4, 4' -i sopropyl i denedi phenol pol yphosphite,

bi s(octyl phenyl )/ bis[4,4"-butyiidenebis(3-nethyl-6-tert-but

yl phenol ) btty6-beyaaadiphodppiesphitkrés (2, 4—di-tert-butylphenyl)

phenyl / 4, 41-1 sopr opyl i denedi phenol / pentaerythritol diphosphite,

bi s(2, 4- dphbeptihet ytphphghypertaerlyt te ) ttotis dhypthogphiltye,) phosphite,

bi s(2,6-di-tert-butyl -4-methyl phenyl ) pentaerythritol diphosphite,

tris[4, 4 trdepnopylirdengbi spRosphtithut dipheasly)lpehtephivitéritol
phenyl / di i sodecyl phosphite, di(nonylphenyl)pentaerythritol diphosphite,
tris(1,3- 8irspeaPdiPoxyi sopropyl) phosphite,

- 4,4" -isopropyl i denebi s(2-tert-butyl phenol)/di (nonyl phenyl.) sphlte
o 10-d - hjOrEed ToRaE AL 18- ANGEHRURBRE R SNeSFe Beiedd - iz oy

(ot st e« S el e, gonospnt e

CHapLe, YBLNS LSS ol araaenla uelog gadphasapher ol s of i ures

SUbSt'tUt%gtEEQQE9h§c9&) -4 47'-pbutylidenebis (3-methyl-6-tert-butylphe
nol) diphosphite, tris(3,5-di-tert-butyl-4-hydroxyphenyl)
phosphite, tris(mono/di mixed nonylphenol) phosphite,
hydrogenated-4,4"-isopropylidenediphenol polyphosphite,
bis (octylphenyl) /bis[4,4'-butylidenebis (3~-methyl-6-tert-but
ylphenol) 1/1,6~hexanediol diphosphite,
phenyl/4,4’-isopropylidenediphenol/pentaerythritol
diphesphite, bis(2,4-di-tert-butylphenyl)pentaerythritol
diphosphite,
bis(2,6-di-tert-butyl-4-methylphenyl)pentaerythritol
diphosphite,
tris{4,4'-isopropylidenebis {(2-tert-butylphenol) ]phosphite,
phenyl/diisodecyl phosphite, di(nonylphenyl)pentaerythritol
diphosphite, tris(l,3-di-stearoyloxyisopropyl) phosphite,
4,4"'-isopropylidenebis (2-tert-butylphencl) /di (nonylphenyl)
phosphite,
9,10~-di-hydro—-9-oxa-9-oxa-10-phosphaphenanthrene-10-oxide
and tetrakis(2,4-di-tert-butylphenyl)-4,4’'-biphenylene
diphosphonite.

Moreover, as other antioxidants, 6&6-hyxroxychroman
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- (4- et hyl - pent a- 3- enyl ) - 6- hydr oxychr oman,

2, 7-trimethyl -5-tert-butyl - 6- hydroxychronman,

2,5-trinmethyl-7-tert-butyl -6-hydroxychronan,

2,5-trinmethyl-6-tert-butyl -6-hydroxychroman and

2,2-dimethyl -5-tert-butyl -6-hydroxychroman may al so be used. These
anti oxi dants nmay be used either singly or in conbinations of two or nore.
It is particularly preferable to use phenol type antioxidants or

phosphor odertiype i&elsi, 0Rb dandarieng vhkese s appéoxifdantsphéhese andh @d dant s
scarcely inhibit the polynerization of a non-conjugated cyclic diene and
al | ow t het,afor gnandi & nesktowne cobs ugatredktycds cofli enese onpasotnds, 1 or
non- conj ugat ed cyclic diene conposition 2 to have hi gh preserving

st abi | i ty<.bcdipeshyilon 2 . Br. 8pdrariedhyietirod). STHe BF-Gredgeimed-hiydn- conj ugat ed
cyclic diene conposition 1 contains the aforenentioned non-conjugate
cyclic di SHESEiZNGedarEreRcEEnCE wherein the antioxidant is usually
cont ai ned i iio of O. m and preferably 1 to 100 ppmto

t to 1000
the tot a?Lgﬁﬁ‘g‘ﬁrF%é’fl‘Pﬁ&tﬁa%l-“@gh’jl&gét‘ pdeyémc@r&ff@ﬂ?e 1 and the
t1 oxi dant he f, i - i t clic,diene conposition 2
2gn;g?hsa néfgrgFéﬁéﬁggggga%%%ﬁ? %h& 3&?56%%?§?F8rbﬂﬁgne 2ngndlahtioxidant,
wh int t Loxi i I i i ratio of 0. 1 to 1000
o ond perapssng iRy 1S MR St MR el | b hon: con] ugat od

cyclic di 909,%-ta@ﬁgtt%1ﬁ-@tit%>fitd@ﬁtty11%%%%9;9;%%%%%a yclic diene

2
2
2
2

conpositions 1 and eac
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 phencl type
antioxidants or phosphorous type antioxidant among these
antioxidants. These .antioxidants scarcely inhibit the
polymerization of a non-conjugated cyclic diene and allow the
aforementioned non-conjugated cyclic diene composition 1 or
non-conjugatedcyclicdiene composition2 tohavehighpreserving
stability.

(Composition, preparation method)

The foregoing non-conjugated cyclic diene composition 1
contains the aforementioned non—-conjugate cyclic diene 1 and
antioxidant, wherein the antioxidant is usually contained in
a ratio of 0.1 to 1000 ppm and preferably 1 to 100 ppm to the
total amount of the non-conjugated cyclic diene 1 and the
antioxidant. The foregoing non-conjugated cyclic diene
composition 2 contains the aforementioned non~conjugatedcyclic

diene 2 and antioxidant, wherein the antioxidant is usually
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containing the antioxidant in the above ratio have high preserving
stability and are reduced in the drop of polynerization activity even
after stored for a long period of tinme (for exanple, 140 days). The above
non- conj ugated cyclic diene conmposition 1 may be prepared by bl ending the
above non-conjugated cyclic diene 1 with the above antioxidant and by
stirring the mxture according to the need. The tenperature in mxing the
both is preferably in a range from10 to 60" C though no particul ar
limtati ordntaingapsada gatilc oEhe. abay e ononppa g aired «xadlive 14t e o _
conposition 2 may be prepared by bl ending the above non-conjugated cyclic
di ene 2 wpmh tohéhabtveadndmoxntdant tne dynstomiuamgtédecyd Xtiardiaoed di ng
to the need. The tenperature used when mixing the both is preferably in a
range fromng0 the e@tCoxticiégiv .no particular limitation is inposed on it.
(Met hod of producing the polyner based on non-conjugated cyclic diene) The
nmet hod of produdffgi el petyheda bad 64 G cndhere moupasad Lagyrcl iandd? erpch
according to the present invention involves a process of supplying the
above non<ORTRIGHEd T IFPE1@FINRRE, 1M S SRV Gatred 1y dave él’iléigi’e 2,
non-conj ugated cyclic diene__conposition 1 or. non-gonju at%ﬁ%cyclic di ene
conpositi%ﬁefefg%fg'Fﬁgkﬁ'Pﬁﬁé?ﬁ?a?ﬁ@nrgpuéﬁﬁbl E%éF%%h ing an ol efin
pol yneri zatj,0n 53t al % LDin anic_al ym num ox conpound. and/ or
on! 21 ng EonvieEdaasitn SRR PLSAT S s ON R Thg BEERRY Y
non'conlugﬂh%d(for example, 140 days).
The above non-conjugated cyclic diene composition 1 may
be prepared by blending the above non-conjugated cyclic diene
lwiththeaboveantioxidant 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
2Zwiththeaboveantioxidant andby stirringthemixture according
to the need. The temperature used when mixing the both is
preferably in a range from 10 to 60°C though no particular
limitation is imposed on it.
(Method of producing the polymer based on non-conjugated cyclic
diene)
The method of producing a polymer based on non-conjugated
cyclic diene according to the present invention 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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cyclic diene 1, non-conjugated cyclic diene 2, non-conjugated cyclic diene

conposition 1 or non-conjugated cyclic diene conposition 2 which are used

for polynerization or copolynerization in the present invention include

chain olefins, branched ol efins and non-conjugated pol yenes ot her than

non-conj ugated cyclic dienes. Al so, for exanple, when using the

non-conj ugated cyclic diene 1 or the non-conjugated cyclic diene

conposition 1 containing the non-conjugated cyclic diene 1, a

non- conj ugatee gholyaieird zdite e e@irhefopdlameartie: avdvre oy iugated o 1amld ¢ di ene 1,

nanel y, a non-conjugated cyclic diene which neets none of the above

requi r emeped viEr igad 1(02) omba lys tc ominitadhing soy, o fgam iex aiping, nurherxyusi ng

t he non-conjugated cyclic diene 2 or the non-conjugated cyclic diene

conposi t i GFMRoEESt ansl/eF tlva L ziew domjiggaadasys.ic diene 2, a

non-conj ugated cyclic diene _other than the non-conjugated cyclic diene 2,

nanely, a non- EFATEGESeAT P T £ %idHe miape the ndpoiesl NI tdPTHiawated been

subj ected to suca,a series of treatnment that it is brought into contact

with an al¥& Y CaftdSPReh; BANTIEEIUR LEG CY6F-18 RORRBOT 1 TR~ FBIMIF ekt i on

and at |east .a part of a h%gh-boilgngﬁpoint fractiqn . are renmoved. However,
i enme

among t heS€ SAaT- ORI T SC8E 2y &ice SRS iHNiGd G Ke-ene

non- conj u%@h%g:s@@.lo. C 2 IW?H.%%.I %r%ngls%di Ford 5)%'1 rrj.rz%ttii%naroei\: or e

pr ef er abl e. the ol efin"pol ynmeri zati on catalyst,” any Catal yst system 26

may be used withut ARy Rl EEHLAE sk B tAtd AN d D89 Aladsnbtin éaclcagﬁws an

organi ¢ al um nim oxy conpound and/or ionizing ionic conpoun or €exanpl e,
transiti opraBbakdcTREUNE GAHRMBHL-TonS AR P15 dnaNSthHan diRlal conpound

and an organi c al um num

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, a non-conjugated cyclic diene other than the non-conjugated
cyclicdienel, namely, anon-conjugatedcyclicdienewhichmeets
none of the above requirements (1) and (2) may be combined. Also,
for example, when using the non-conjugated cyclic diene 2 or
the non-conjugated cyclic diene composition 2 containing the
non-conjugated cyclic diene 2, a non-conjugated cyclic diene
other than the non-conjugated 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 leastapartofahigh~boilingpoint fraction
are removed. However, among these non-conjugatedcyclic 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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oxy conpound and/or ionizing ionic conpound are preferable from the

vi ewpoi nt of activity. Preferable exanples of the transition netal conpound
may i nclude netall ocene conpounds of the group 4 transition netals in the
periodic table. Exanples of the netall ocene conpounds of the group 4
transition nmetals in the periodic table which are preferably wused in the
present invention include the follow ng conpounds. Mx (1) wherein M
represents a transition nmetal selected fromthe group 4 transition netals

in the pephgdbe tabhewdndosReahtl eakitY culair Gai¥@: ibint ARisWPGr akafiri um and
x denotes a nunber neeting the atomc value of the transition netal. Ls

respect i vebythepsese birganh coanen ook dixpat @flpdhtd 2l ort L 6NSE LheH oEal
wherein, anong these Ls, at |east one ligand L represents a group (ligand)
havi ng a cyobopent adiFenyéxskelel ohranaidtibnsmétgandohpyiung aatalysts

cycl opent adi enyl skel eton may have a substituent. Exanples of the |igand
havi ng a ecpebopeingd: dmanssikeloat natailnedupleund sl epertarih endlugriowmm al kyl
substituted or cycloalkyl substituted cycl opentadi enyl groups such as a
net hyl cycPspetrerRREy Bngy @ﬁploram%y@mwwmlar@rmﬁfeﬁabég from

i -propyl cycl opent adi enyl _group ec-_or t-but Icyclo ent adi enyl

gr oup, he%??cV&FUB@ﬁP&dPén?Ftdyéﬁﬁ 23r%5?9?é§%I%§%ﬁPéﬁ?eﬂ | t g?oup

et amet hyEE0SEapeH aay ehy PP B ai = B HE e Fr gl G R S,
nethyleth¥h%y8 8B%n%a% %htgggu%étals 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 (L) | |
wherein M represents a transition metal selected from the group
4 transition metals in the periodic table and specifically,
zirconium, titanium or hafnium and x denotes a number meeting
the atomic value of the transition metal.

Ls respectively represent a ligand coordinated with the
transition metal wherein, among these Ls, at least one ligand
L represents agroup (ligand) having a cyclopentadienyl skeleton
and this ligand having a cyclopentadienyl skeleton may have a
substituent.

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

t-butylcyclopentadienyl group, hexylcyclopentadienyl group,
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met hyl propyl cycl opent adi enyl group, nethyl butyl cycl opent adi enyl group,
nmet hyl hexyl cycl opent adi enyl group, nethyl benzylcycl opentadi enyl group,
et hyl but yl cycl opent adi enyl group, ethyl hexyl cycl opent adi enyl group and
met hyl cycl ohexyl cycl opent adi enyl group, indenyl groups,

4,5, 6, 7-tetrahydroi ndenyl groups and f |uorenyl groups. These |igands
havi ng a cycl opent adi enyl skel eton may be further substituted with a
hal ogen atom trialkylsilyl group or the |ike. Anbng these substituted

conpounds p el c 19esitiatiuteas 1CHebape nd Atk €yl c g DMPSH B @i Py { iy

preferable. Wien the conpound represented by the above formila (I) has t wo
or nore graipsthalicyg lapeyntkdientyadyesyd, dedlremert s cyd1gathdad itams 1gr oups
havi ng a cycl opent adi enyl skel eton anong these groups nay be bound with
each ot hegrvhpougendanegithylleye L ogpeatp diealy lagretipy,| ene and propyl ene;
substituted al kyl ene group such as isopropylidene and di phenyl net hyl ene;
silylene @ﬁ@@ﬁlet@N1§N§§PP€@¢@dl§mW}IQWQU@noup such as di net hyl silyl ene,
dlphenyIS|I¥Iene and _net hyl phenyl silyl ene. Exanples of L other than these

| i gands hBFCHY 1R OBYdrYFeRPERtéAY LIYReI9ECHR /i ncl ude a hydrocar bon group
having 1 t car on t ons, al kox rou aryl oxy group, sulfonic 28

aci d- contgﬁgpﬁébﬁF gufY (- §€§ﬂ§aﬁH§F RETP¥Presents an al kyl group, a

hal ogen sue%hl %tedlalk an aé% %roup, a hal ogen substituted aryl
group or an arky’*dabets Pﬁtg EYgr J35VP 1 hal ogen at om or hydr ogen at om

methylbenzylcyclopentadienyl group,
ethylbutylcyclopentadienyl group, ethylhexylcyclopentadienyl
group and methylcyclohexylcyclopentadienyl group, indenyl
groups, 4,5,6,7-tetrahydroindenyl groups and fluorenyl groups.

These ligands having a cyclopentadienyl skeleton may be
further substituted with a halogen atom, trialkylsilyl group
.or the like. 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 and propylene; substituted alkylene group
such as isopropylidene 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

1l to 12 carbon atoms, alkoxy group, aryloxy group, sulfonic
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Exanpl es of the hydrocarbon group having 1 to 12 carbon atons include

al kyl groups, cycloal kyl groups, aryl groups and aral kyl groups. Specific
exanpl es of these hydrocarbon groups include al kyl groups such as nethyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, pentyl,
hexyl, octyl, decyl and dodecyl; cycl oal kyl groups such as a cycl opentyl
group and cycl ohexyl group; aryl groups such as phenyl and tolyl; and

aral kyl groups such as benzyl and neophyl. Al so, exanples of the al koxy

group i nchddgrebh@xynighdup (ASPIFPMYre R3QRHER@EWL saDEl RYY grics@ut OXY,
sec- butoxy, t-butoxy, pentoxy, hexoxy and octoxy. Exanples of the aryl oxy

group i nchutelphenoxybstExafmpkdes lafk 1t beoswl,f ani argdi droapt, aianiheg ogeoaup
(-So3R) include nethane sul fonate, p-toluene sulfonate, trifluoronethane
sul f onat e sabdtptoliedr ebgnz gmeupubfronat elkyEx smplsdés. taftetdhe riydl ggempat,om

i nclude fluorine, chlorine, bromne and.iodine. Exanples of the transition
met al conpedadsnhakrrg orz hyeanidem asomM-and contai ning two |igands having a
cycl opent adi enyl skeleton will be given bel ow. Specifically, exanples of
these transiti oRXABPAFS %BdHH%HH@jQQRﬁHRR?lﬁ@?UGbgéVéﬁéh%aH?éH%FﬁaEBQFboniun1
nmonochl ori de nDnoq%grid : bisgCéclo en adLEn | )zirconiu dichlorid%i 29

bi s(I - met ByPPS- bRt FECS A dpenPaar ﬁyl&i‘? LONTUMASYHRS f FOgrgdTouPs an

e enesu LataLs) sl & SglR v Letsbonsntpd endph canbum ey 0
include alkyl groups such asmethyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl, octyl,
decyl and dodecyl; cycloalkyl groups such as a cyclopentyl group
and cyclohexyl group; aryl groups such as phenyl and tolyl; and
aralkyl groups such as beﬁzyl and neophyl.

‘ Also, examplesof thealkoxygroup includemethoxy, ethoxy,
n-pPropoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy,
t-butoxy, pentoxy, hexoxy and octoxy.

Examples of the aryloxy group include phenoxy.

Examples of the sulfonic acid-~containing group (-SO3;R?)
include methane sulfonate, p-toluene sulfonate,
trifluoromethane sulfonate and p-chlorobenzene sulfonate.
Examples of the halogen atom include fluorine, chlorine, bromine
and .iodine.

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

Specifically, examples of these transition metal
compecunds includebis{cyclopentadienyl) zirconiummonochloride

monochydride, bis(cyclopentadienyl)zirconium dichloride,
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et hyl ene- bi s(i ndenyl ) zirconi um di chl ori de,

i sopropyl i dene(cycl opent adi enyl -fl uorenyl ) zirconium dichloride,
di phenyl si | yl ene-bi s(i ndenyl ) zirconium dichlori de,

met hyl phenyl si | yl ene-bi s(i ndenyl ) zirconium dichloride,

rac- et hyl ene-bi s(2-nmethyl -1-indenyl)zirconium dichloride,

rac-di net hyl sil yl ene-bi s(2-nethyl -1-indenyl)zirconium dichloride,

rac-di met hyl silyl ene-bi s(4, 7-di net hyl -1-indenyl)zirconium dichloride,
rac-di met RykshLmbeRg1bizsba; gazyt:&b@h%hﬂenw%Bxlcba!iﬁﬁwi!st{ trDedivehoor i de,
rac-di met hyl silyl ene-bis(2,4,6-trinethyl-Il-indenyl)zirconiu mdichloride,
rac-di met hgksihekangobiate4- phenyl -1 -i ndenyl ) zi rconi um dichl ori de,

rac-di met hyl sil yl ene-bi s(2-nmet hyl - 4-phenyl -1 -i ndenyl)zircon ium

di chl ori deisrac3ddimehlnlsickylepentizgli2nydt) yilrobdn@ldt daphtliypli)dd,- i ndenyl )

zi rconi um di chl ori de,

r ac- di net kghyilenkebé siiingdenyat iyjmedhfRziagoniiym),- | -i ndenyl )  zi rconi um

di chl oride and rac-di methyl silyl ene-bis(2-nmethyl-4-(l-anthryl)-I-indenyl)z
30 i rconi gfhdileRrobiigd indeayl) eigeoniven dashdlerdé®pounds obt ai ned by

replacing, the zirconiumnetal with a titaniumnetal or hafniumnetal in
t he conpoti@RTIBY-RESESHENCILORED AN FE Viay HHO ToXFip Zificag i um

dichloride, diphenylsilylene~bis (indenyl)zirconium
dichloride, methylphenylsilylene-bis (indenyl)zirconium
dichloride, rac-ethylene-bis (2-methyl-1-indenyl)zirconium
dichloride,
rac—dimethylsilylene—bis(2-methyl-l-indenyl)zirconium
dichloride,

rac—dimethylsilylene-bis (4,7-dimethyl-1-indenyl)zirconium
dichloride,

rac~dimethylsilylene-bis (2,4,7~trimethyl-1l-indenyl}zirconiu
m dichloride,
rac—dimethylsilylene-bis(2,4,6-trimethyl-l1-indenyl)zirconiu
m dichloride,

rac—-dimethylsilylene-bis (4-phenyl-1-indenyl) zirconium
dichloride,

rac—dimethylsilylene-bis (2-methyl-4-phenyl-l-indenyl)zircon
ium dichloride,
rac—-dimethylsilylene-bis {(2-methyl-4- (—naphthyl)-1l-indenyl)
zirconium dichloride,
rac-dimethylsilylene~-bis (2-methyl-4— (f—naphthyl) -1-indenyl)
zirconium dichloride and

rac-dimethylsilylene-bis(2-methyl-4-(l-anthryl)-1-indenyl)z
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In the present invention, conpounds represented by the follow ng formla
(I'l') may al so be used as the transition netal conpound. LI M1 X2 (11)
wherein ML represents a transition netal selected fromthe group 4 netals,
L' represents a derivative of a delocalized 9 bond group and inparts a
constrai ned geonetry to the active site of the netal MI and Xs
respectively represent hydrogen, a hal ogen, a hydrocarbon group having 20
or | ess carbon atons, a silyl group having 20 or less silicon atons or a
gernyl graudpohavinndiz2Bleridkess germani um atons. Anpong t hese conpounds
represented by the fornmula (I11), conpounds represented by the foll ow ng
formula (111) akRésoprefenabtéon[heai cadmpbpounmis cotitla xed Ayd repliaing .
(I'11) wherein ML represents titanium zirconiumor hafnium X is the 31
sane as alsbeezandoGpumeapeezskrtistia acyéltepemmanesay| ogrivaufpnivm cretdls in
it-bonded with M and may have a substituent. Z represents a _l|igand
contalnln@hﬁtCP@§§Pn§ﬁea§Iéﬁ€ﬁﬁ m@@ﬁé@@@@»ﬁb@ﬁﬁo%@@eﬁe sFempl 1 I36Fon and an
el enent of grouEH in the EerIOdIC table (e. qg. carbon, sil.icon,

)

ger mani um and t itA) therRppacr t%n%?n?ﬁﬁhdqﬂﬂE?EP¢ﬁt RS STHIRS pHor s,

oxygen Or i'ﬂow:.ng formula (II) may also be used as the transition metal
compound.
L'M'X, (I1)

wherein M' represents a transitionmetal selected from the group
4 metals, L' represents a derivative of a delocalized 7 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 hawing 20 or
less germanium atoms.

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

[Chemical formula 1]

z—Y
/ /

Cp

(X)z e (III)

whereinh@‘represents titanium, zirconium or hafnium, X is the
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Also, Z and Y may form a condensed ring. Specific exanples of the conpound
represented by the formula (I111) include [dinethyl (t-butylam do)
(tetramethyl-"i'15-cycl opentadienyl) sil ane]titaniumdichloride,

[ (t-butyl am do) (tetramethyl-'F 15-cycl opent adi enyl )-1, 2- et hane
diylJtitaniumdichloride, [dibenzyl (t-butylamdo)(tetramethyl-r1l
5-cycl opent adi enyl )sil ane]titani umdichloride,

[ di met hyl (t-butyl am do) (tetranethyl-rl5-cycl opentadi enyl) si

ane] di benzghicl 8aribNe and Cp represents a cyclopentadienyl group which -
[ di met hyl (t- butylanldo)(tetranethyl-r[5 cycl opent adi enyl ) si

ane] di net hyl wi-banded with M' and may have a substituent.

[ (t-butyl am do) (tetramethyl-rl5-cycl opent adi enyl)-1, 2-et hane

di yl ] di benzyl ti Zamepresents a ligand containing at least one element
[(nethylanldo)&@Ftranethyl-rl5 cycl opent adi enyl ) -1, 2- et haned
lyI]dlneoﬁgﬁ?V & fAPURXYgen, sulfur, boron and an element of group 14

(pheny! phosghl do) (Let LaTeny|2 14 gzgkggegmc%%y'ggg;;‘gisryandm)

di benzyl (t - but Ianldo neth opent adj e
el Egngyl oL S A L R e eSS T 2 BhS B bbb uraa )
si l anel di 5 hyIS|IyI)t|tan|un1

[dlnethylfphenylp osphido) (tetranethyl-i 1 5-cycl opent adi enyl)
SiLanel dibenzyl hatahl WMok ! BLLATRLRYL- Lhnuekekapeatadi enyl) -1,

2- et hanedi |l yl dibenzyit iTtaniu
Specific examples of the compound represented by the

formula (III) include
[dimethyl (t-butylamido) (tetramethyl-n’-cyclopentadienyl) sil
ane]titanium dichloride,
[(t—butylamidof(tetramethyl—ns—cyclopentédienyl)—1,2—ethane
diyl]titanium dichloride,
[dibenzyl(t—butylamido)(tetramethyl—ns—cyclopentadienyl)sil
aneltitanium dichloride,
[dimethyl (t-butylamido) (tetramethyl-1°~cyclopentadienyl)sil
ane]dibenzyltitanium,
[dimethyl (t-butylamido) (tetramethyl-1"~cyclopentadienyl)sil
ane]ldimethyltitanium,
[(t—butylamido)(tetramethyl—nS—cyclopentadienyl)—1,2—ethane
divl]dibenzyltitanium,
[(methylamido)(tetramethyl—n5—cyclopentadienyl)—l,2—ethaned
iyl]dineopentyltitanium,
[(phenylphosphido)(tetramethyl-nS—cyclopentadienyl)methylen
e]ldiphenyltitanium,

[dibenzyl(t—butylamido)(tetramethyl—ns—cyclopentadienyl)sil
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[2 115 (tetranethyl-cydl opentadi enyl)-1-nethyl-ethanol at e( 2-

)] di benzyl titani um

[ 2-TI' 5-(tetramet hyl -cycl opent adi enyl ) -1 - et hyl - et hanol at e( 2-

)] dinmethyltitani um '

[ 2-((4a, 4b, 8a,9,9a-' Q-9Hfl uorene-9-yl)cycl ohexanol ate(2-)]
dimethyltitanium and

[ 2- ((4a, 4b, Ba, 9, 9a-n) - 9H-f | uor ene- 9-yl ) cycl ohexanol ate(2-)]

di benzyl t khandupenslys@itaaqpaynds obtai ned by replacing the titani um net al
with a zirconiumnetal or hafniumnetal in the conpounds as those

ment i oned [dbhneehgaybbe zgtenpHof i(gd-cfhbseehtadseéhy bns ibdak] dbipoimds may be
used either singly or in conbinations of two or nore. (Organic al um num
oxy conpohpdpiThé)siganiemal unmi num oxy conpound forming the olefin

pol ynerization catal yst according to the present invention may be
convent i oh8irgtREdURNGRYAPRERBAECEY (Aepaprerbyilndor abFeorerbadtenslum num
oxy conpound (see, f or _exanple, the publication of JP-A No. 2-78687). The
covent i on8F-FRRABHRCRFYAEAGRAAE M s represented by the 33 following fornula

(1) 00 (PhresRecsbbhdh ys LONPI Gl LU P21 RO ALL QA B I2 de -+ (1
itanium,
-[2—n5—(tetramethyl—cyclopentadienyl)—1—methyl—ethanolate(2—
) ldibenzyltitanium,
[2~n5—(tetramethyl—cyclopentadienyl)—1—methyl—ethanolate(2—
) ldimethyltitanium,

[2-{(4a,4Db,8a,9,%9a-1Nn) -2H-fluorene-9-yl)cyclohexanolate (2-)]
dimethyltitanium, and
[2-((4a,4b,8a,9,%a-1m)-9H-fluorene-9-yl)cyclohexanolate (2-)]
dibenzyltitanium.

Also, compounds cbtained by replacing the titanium metal
with a zirconiummetal or hafniummetal in the compounds as those
mentiocned 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 cor a benzene-insoluble
organic aluminumoxy compound {see, for example, thepublication
of JP-A No. 2-78687).

The coventlicnally known aluminoxane is represented by the
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R in the above fornmula, R represents a hydrocarbon group such as nethyl,
ethyl, propyl or butyl, preferably nethyl or ethyl and particularly pre
ferabl ynmet hyl and m denotes an integer of 2 or nore and preferably 5 to
40. Here, this alumnoxane may be forned of a m xed al kyl oxy al um nununi t
consi sting of an al kyloxy alum numunit represented by the formula
(QAL(R")) and an al kyl oxy alum numunit represented by the formula (QOAl
(R2) ) (where R3" and R 12 may be respectively represented by the sane
hydr ocar b@pidenaipgasoRmaiier €iln B g2d ,Rsh2aidpicadant. groups different from
each other) (lonizing ionic conpound) The ionizing ionic conpound form ng
t he ol ef i iChpoliymdr fratiuda €4t al yst according to the present invention is
a conpound which reacts with the above transition. metal conmpound to form
an ionic conpound or reacts with the reaction product of the above
transition netal co u nd, t ol iQg organic al um num conpound to
forman ionic conpou Zgﬂﬁﬁ—gka T%E“é@mQQZthe i oni ¢ .conpound i nclude Lew s
acids and ionic conmpounds. Exanples of the abové Lewis acid include
conpounds represented by BR133 13 represents a phenyl group which may
have a substituent such as fluorine, nethyl or trifluoromethyl or
fluorine). Specific exanptes—of—thesetew s acids include trifluoroboron,
tri phenyl boron, tris(4-fl uorophenyl)borpn, tris(3,5-difluorophenyl)boron,

tris(4-f|uoronethylphenyl)?or n, ;ris(pentafluanopbﬁﬂyl)boron,
tris(p-tolyl)boron, ‘T, m+2

R

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

Here, this aluminoxane may be formed of a mixed alkyloxy
aluminumunit consistingofanalkyloxyaluminumunit represented
by the formula (0Al (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 ionic compound forming the olefin
polymerization catalyst 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 transitionmetal compound and the following organic

aluminum compound to form an ionic compound, and examples of

34



tris (o-tolyl) boron and tris (3 , 5-dinethyl phenyl) boron. Exanples of
the ionic conmpound may include trial kyl substituted ammniumsalts,

N, N-di al kyl aniliniumsalts, dialkylanmoniumsalts and triaryi phosphoni um
salts. Specific exanples of the trial kyl substituted ammoni um salt include
triethyl ammoni unt etra( phenyl )boron, tripropyl ammoni unt etra(phenyl) boron,
tri(n-butyl)amoni untetra(phenyl)boron,

trimet hyl anmoni unt etra(p-tolyl)boron,

tri met hyl a0 nicmiice tooafpouinal Windieren Lewis acids and ionic compounds.
tributyl ammoni unt et ra( pent af | uor ophenyl ) bor on,

tri propyl amoni ExgapdaEo of- dinee ebpivehéeylisbarcdn, include compounds

tributyl amoni unt et ra&)g] mq met hy | phenyl ) bor on,

tributyl affrieePRéeta | UBF orsEnA SRTrS 1) dvasy lararouny iwbr-cutmgy)
ammoni untetra(o-taqlyl) boron Exanpl es of the N, N-dial kylanilinium salt

i ncl ude Ramedfln%%hrﬁnﬂé%ﬂq%ﬁ&ﬁbew P9 bBESHYL or trifluoromethyl
NN—dieth% Ilnlunﬁetrﬁg%h yl ) boron and 35

N, N, 2, 4, 62 5e H%%H? ani YT tnt et |°)fb6P8ﬁe Legdnft edofindade
dlalklarrrmnl msalt _incl e

di (! -gropy )gﬂml%gﬁpur%ré’tnr’a SERESF YIRS Reny i 5o ork LagF opheny 1) boron,

di cycl ohe | r r Mor eover, exanples of the ionic
Xy moR| gﬂtffiho% %F%Al')) QR0

conpound nay i nclude tri p €ni urft et r aki s(pent af | uor ophenyl ) borate,

N, N- di et Iull@rt|4Llfrih@%glrert%,lli@l@g@thyo%gpphenyI ) borate and
f erroceni unt et ra( pent af | 'uor ophenyl) borat'e. (organic al um num conpound)

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,
tripropylammoniumtetra (phenyl)boron,
tri(n-butyl)ammoniumtetra (phenyl)boren,
trimethylammoniumtetra (p-tolyl)boron,
trimethylammoniumtetra (o-tolyl)boron,
tributylammoniumtetra (pentafluorophenyl)boron,
tripropylammoniumtetra (o,p-dimethylphenyl)boron,
tributylammoniumtetra (m,m—dimethylphenyl)boron,
tributylammoniumtetra (p-trifluoromethylphenyl)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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The netal | ocene type catal yst may contain an organic al um num conpound
together with the aforenentioned organic al um num oxy conpound and/ or

i oni zing ionic compound. Such an organi c al um num conpound i s represented
by the following formula (V). R 14 nAlX 1 3-n (V) wherein R 14 represents
a hydrocarbon group having | to 15 and preferably | to 4 carbon atons, X1
"represents a hal ogen atom or a hydrogen atom and n denotes a nunber from1l
to 3. Exanples of the hydrocarbon group having 1 to 15 carbon atons

i nclude am,al kyk ,groeptaapehgabikyll igioamgeard (@hehyvadn begon.Speci fic exanpl es
of the hydrocarbon group include nethyl, ethyl, n-propyl, isopropyl,

i sobutyl, pentyExahpigk, ofictyik, dépdkygpemmphiumyskhakeipklugkenyl and tol yl.
Exanpl es of the organi c al um num conpound include the follow ng conmpounds:
tri al kyl addrnilngrepudh aagoniiumgelykld pemtadduo rophenyy) Poseinnamd tri i
sopropyl alumnum triisobutylalumnum 36 trioctylalum num and

tri2- ethyﬁﬁ@yyﬂahﬁﬁyﬁéﬁﬂon&PW§ﬁ?F&H@ﬁ?ﬁﬂ%ﬂ§Qéﬁnas i soprenyl al uni num
represent ed by the f ornulaﬁgl-C4H9 ;CSHIO , (where x, y and z are
respectively a BB?PE’F% REAMBLSSnA L2 the 2Rt FPS‘PQ@WI Qﬁél’mlﬁﬁﬁquéﬁch as

o oBr RS T BT AT DAL 853, 3l 5 et Pyl al i
di'i sobut yjalum; pum,chLa5h 96 ; AL AL TR W LA T YT RLRTHIS) porate and
ferroceniumtetra (pentafluorophenyl) borate.
(Organic aluminum compound)

The metallocene type catalyst may contain an crganic
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).

R*,A1XY5, (V)
wherein R represents a hydrocarbon group having 1 to 15 and
preferably 1 to 4 carbon atoms, X' 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.
Specificexamplesof thehydrocarbongroup includemethyl, ethyl,
n-propyl, isopropyl, isobutyl, pentyl, hexyl, octyl,
cyclopentyl, cyclohexyl, phenyl and tolyl.

Examples of the organic aluminum compound include the
following compounds:

trialkylaluminum such as trimethylaluminum,

triethylaluminum, triisopropylaluminum, triisobutylaluminum,
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al kyl al um num sesqui hal i des such as net hyl al um num sesqui chl ori de,

et hyl al um num sesqui chl ori de, isopropylal um num sesqui chl oride, -

but yl al umi num sesqui chl ori de and et hyl al um num sesqui br om de;

al kyl al um num di hal i des such as net hyl al um num dichloride, ethylal um num
di chl ori de, isopropylal um num dichloride and ethyl al um num di br om de;

di al kyl al um num hydri des such as diethyl al um num hydri de and

di but yl al um num hydri de; and al kyl al um num di hydri des such as ethyl al um num
di hydri detrapdtprapydhum auwa di-ipdeitte.l heRellymeiisaim;on condition) in the
met hod of producing a pol yner based on non-conj ugated cyclic diene
accordi ng to thelperegérflumiventsdwrt astileralrowe alomicom ngatedenyebitgy di ene
1, non-conjugated cyclic diene 2, non-conjugated cyclic diene conposition
1 or non- tbejTlgaweleh ¢ yclils)dhRénpeCdanpoévhéna x2 maddareoediarpaarittedy need,
other olefins are subjected to polynerization using an 37 olefin

pol ymer i z&t PEF1&aVel pembemndRg 8he& Bé&n-conj ugated cyclic di enes used for

the polynerization, an unreacted one may be used again_for _polynerization
after it is trehtadlKRWhELEAABURaAHER 48 AB4vECPTOPERYARLAMIPITAL | east a

part of 2 1o DL g RO, (LELAGN. S0 B Bt 03tk oL B o ol 11 g
oLl ChaRolah bt B E IR RSB R L80 to

chloride, diisobutylaluminum chloride and dimethylaluminum
bromide;

alkylaluminum sesquihalides such as methylaluminum
sesquichloride, ethylaluminum sesquichloride,
isopropylaluminum sesquichloride, butylaluminum
sesquichloride and ethylalﬁminum sesquibromide;

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

dialkylaluminum hydrides such as diethylaluminum hydride
and dibutylaluminum hydride; and

alkylaluminum dihydrides such as ethylaluminum dihydride
and propylaluminum dihydride.
{Polymerization condition)

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

need, other olefins are subjected to polymerization using an
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pol yneri zation. As the pol ynerization nmethod used when the pol ymer based

on non-conjugated cyclic diene of the present invention is produced,

| i qui d phase pol yneri zati on nmet hods such as a suspension polynerization
met hod and sol ution polynerization method may be usually adopted. Specific
exanpl es of the hydrocarbon mediumused in the |liquid polynerization

nmet hod i nclude aliphatic hydrocarbons such as propane, butane, pentane,
hexane, heptane, octane, decane, dodecane and hexadecane; alicyclic

hydr ocar benstsrncpoasmeyckapepharatatyelohexane, methyl cycl opentane and

cycl ooctane; aromatic hydrocarbons such as benzene, tol uene, and xyl ene;
hal ogenat ed hydRoocagbbhs soohcasjethykdneychlior ddepeshherdbénzendeand

di chl oronet hane; petroleum fractions such as gasoline, kerosene and |ight
gas oil opcAvRegiestapnt heseungeapsaddonsayaye bgsaogedvegedvetorol efi ns used
for the poliﬁmrlzatlon ggg be used as the hydrocarbon nedium 38 When the
transiti oROAETEF1E8KpEN ’F%r &§eas|‘qrret%i@d Pl Yhe rgang PBRNSE RS APAYSEt i on
metal compound i.s used in su an anount that the concentration of the

transiti oﬁpﬁﬁﬁllcé%%' ?Fn %?1%51{36‘} VPRET 24t 7 olPY¥ R B KRRt Ueea 1y
10-8 t 10 f bl t tom 1
108 Lo 1953 o SARMA DT B O30 R EL AR (02015 05 ot o L
the atomi g tatl op (AL AMo.of AL UTLMILEAL) 00k Aad W 1 Moo 0L gaNle Gl um num

oxy conpoun he tran |on me
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
preduced, liquid phase polymerization methods such as a
suspension polymerization methoed and solution polymerization
method may be usually adopted.

Specific examples of the hydrocarbon medium used in the
liquid polymerization method include aliphatic hydrocarbons
such aspropane, butane, pentane, hexane, heptane, octane, decane,
dodecane and hexadecane; alicyclic hydrocarbons such as
cyclopentane, cyclohexane, methylcyclopentane and cyclooctane;
aromatic hydrocarbons such as benzene, toluene, and xylene;
halogenated hydrocarbons such as ethylene chloride,
chlorobenzene and dichloromethane; petroleum fractions such as
gasoline, kerosene and light gas oil 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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contained in the transition nmetal conpound falls usually in a range from
10 to 10000 and preferably in a range from 20 to 5000. The ionizing ionic
conmpound is used in such an amobunt that the nolar ratio (transition netal
conpound/ioni zing ionic conpound) of the transition nmetal conpound to the
ionizing ionic conpound falls usually in a range fromO0O. 01 to 10 and
preferably in a range fromO0.1 to 5. Also, the organic al um num conpound
used according to the need is used in such an anmobunt that the atomic ratio
(Al /A12) of amhanuiheummreht(iAd medet aorgduml tike wreghnirc tdeum num
conpound to an al um num atom (Al12) contained in the organic al um num oxy
conpound fedlysnausird i iyori n ther ngesitoanOndlai c@@ownt ipr ekedabhysich a
range fromO0.2 to 10. As the polynerization catal yst, a conbination of the
transiti oRMergunEorpatinBlarPrIR G IHi Mm@ T Shiectconpbuaaniastal atom

particularly significant effect and is armn% preferabl e enbodi nents, The
t enper at urd® iTH RO LYBISFIEAHLN SRACEAON SYSTEMuFalPFya3dyi A0 rtandd 7 rom

-50 to 230’ C an referably in a !ran fram-3Q, to 20Q'C. As to the
pol ymer i z&5%h ag:rog%@ur@}edtj‘r%“)pcﬁ '%ﬁ Y ct?%nfﬁ?s PaATuAGER/ the
condi tion %Iecﬁ%’lﬁl |y normal atnospheric pressure to 10 MPa and preferably
nor mal at n(Dsp eri'c pressure to 5 MPa. The polynerization reaction may be

run in any of arabedssyehelhiAtho60BbLBUANS SWaLed:and, coal system

or may be run in two or nore stages ‘di rrng in réaction condition. The
mol ecul ar WRiglheOht &t esild 1(3g /#9PQk YABIm {f¥n bR IHeguh ke edPyn ke amount

of hydrogen and/or polynerization tenperature.
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 itonic compound is used in such an amount that
the molar ratio (transition metal compound/ionizing ionic
compound) of the transitionmetal 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 (Al'/Al?)
of an aluminum atom (Al!) contained in the organic aluminum
compound to an aluminum atom (Al%) contained in the organic
aluminum oxy compound falls usually in a range from 0.02 to 20
and preferably in a range from 0.2 to 10,

As the 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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In the present invention, in particular, a particularly high effect is

obt ai ned when adopting a continuous pol ynerization mnethod. Specifically,

the polynerization activity of the catalyst is significantly inproved in

the production of the polynmer based on non-conjugated cyclic diene. In the

present invention, the polynerization reaction mxture obtained after the

pol yneri zation reaction is finished is treated by a usual nethod to

t hereby obtain a pol yner based on non-conjugated cyclic diene. If the

af or ement iienedraoge cymigateto Y3 9 addepee e rfiODy Cianjaugahgd £yehi-3di ene

2, non-conjugated cyclic diene conposition 1 or non-conjugated cyclic

di ene conpesi®iEn 2AsSostipplpoddmeitzad ool yresszat | dhe parl ywopal aateirdrzat | on

in the presence of the olef in polynerization catalyst containing an

or gani ¢ alr@@icihpnoksy rudmpeerdt ke dpoditioniofi weud bhy cocmapammb sphatie above

manner, the pol yner based on non-conjugated cyclic diene can be produced

at a hi ghrPdégreee 6P poINFReALaPrehcaabilyi RYrmphra eS¢ yic iRrasfitiase

where 30 days or nore passed after, the non-conjugated cyclic diene 40

conposi ti &6f 2 BF22 AP IFRE L3RR CERFOSIN BRY 86 FEeXRi #1Y ©% i gh

degree of p%ﬁ neri%ation ag;ivitg. The re uIti%%nEolﬁner based on

non- conj u§AER FYEFFE. dF e CEMTAINES LY EFELe PP HePRORE TYONTT IRF

non-conj u | 4 i > tiq. |l %_.by. wej.ght or nore,
gemsie 2 L8 o) oemiﬁgosafga{g%gogl%?g;ga 1 a4 YR O

pr ef er abl i'n"a range rrom and-nore - prefera %f”r to 70%

o v St TRAESL L R BALYBY, Dbt o DO AN B8 S Y

non- conj ugat @HeC¥ebuftdbLNGydf Sy ®XRPt &r e zation 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
or copolymerization in the presence of the olefinpolymerization
catalyst containing an organic aluminum oxy compound and/or
ionizing ionic compound in the above manner, the polymer based
on non—-conjugated cyclic diene can be produced at a high degree
of polymerization activity. Particularly, in the case where

30 days or more passed after the non-conjugated cyclic diene
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branched (X-olefins in an anount of usually 99.9% by wei ght or |ess,
preferably in a range from 10 to 99% by wei ght and nore preferably in a
range from 30 to 99% by wei ght. Exanples of the pol yner based on
non- conj ugated cyclic diene include an ethyl ene/a-ol efin/non-conjugated
cyclic polyene copolyner containing 0.1% by weight or nore of a

non-conj ugated cyclic diene unit and a total of 99.9% by weight or |ess of
ethylene and a-olefin having 3 to 20 carbon atonms and an

et hyl ene/ e¥mpbefiitiond or cdry poab£tedy chesep@Ingeid tHepG ¥OEI1 XHidiH Ng
0.1% by wei ght or nore of a non-conjugated cyclic diene unit and a total
of 99. 9% by hugihghiegaeel ess pofl yerehyilzatrd on acdliefitay.having 3 to 20 carbon
atons and an pol yene other than the non-conjugated cyclic diene. The
intrinsic viscoSheyqsulitisly pdhbymet parsediraseen oronjierk tehcugatedlicys i ¢

di ene indecaline at 135" Cis usually 0.005 to 20 dl/g and preferably in a
range frofPOLEiNE02 1ERRG ly utifodgirivies FaPT B¢ o 1o EIBFRT $YaKissed on
t he vi scosi,t The met hod of grodu0|n8hthe non- conj ugat ed cyclic diene, 41

non- conj u§a€e8 Lty |r(,atd1 Hé ¢ %%%Ytq &Y ﬁ@&gﬁéroﬁa{%‘é@o@r%aﬁm ugat ed
cyclic diene_of the res i tlon | usg% Iﬁloartlcu g y. t.0 grqduce a
pol ymer baSed ?ﬁPQﬁ) %88h 8y%?%9 TAEIET BASERAEE %Vl%ft%

Exanpl t det f
xampl o5, PR ER ﬁaé&ér%veﬁé%%%gﬁlt SreEiP gt BRSPS E L e

i nvention. Each fBSse SRAGLLHD QEeblé%tqmtd%%v’%dafgorﬁ avﬁéfforflgy Wher

than the non-conjugated cyclic diene, for example, chain or
branched o~olefins in an amount of usually 99.9% by weight or
lLess, 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 nen—~conjugated cyclic diene include an
ethylene/o-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 ¢-olefin having 3 to 20 carbon atoms and an
ethylene/0-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,
g-olefin having 3 to 20 carbon atoms and an polyene other than
the non-conjugated cyclic diene.

The intrinsic viscosity [1n] of the polymer based on
non—conjugatedcyclicdieneindecalineatlBS%:isusuallyb.OOS
to 20 dl/g and preferably in a range from 0.01 to 10 dl/g, though
no particular limitation is imposed on the.viscosity.

The method of producing the non-conjugated cyclic diene,
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by GC-Ms (Gas Chromat ography Mass Spectronetry analysis). The condition of
GC accorded to the condition of GLC (gas/liquid chronmatography) described
bel ow. An ElI method was used for ionization under the follow ng condition:
el ectronic voltage: 70 electron volts and electron current: 60 mcro
anperes. Each content of the compounds (A) and (B) was neasured by G.Cin
the exanples. For GLC, GCl7A (trade nane) manufactured by Shi madzu

Cor poration was used as the body and DB-1 (trade nane) (0.25 mmx 60 m
manuf act uned—bynj&¥aSedentyiclliic dienewasmpeed tdent e pogllm@ar. bEked Nh
tenperature was set to 180C, Heliumwas used as the carrier gas and the
pressure wes-senjugat’d6 kPalidhbiersapfl thegsdsgrectiedennian dsmeefwf 0.5 |
and the sprit ratio was set to 200. The colunm tenperature was set as

fol l ows. #®2rripudaslytapspdoge apelyner bagperan 0pa- O] Teapedamald o i se
rate (C m.nutes)-3 -180 Final tenperature (C) Retention tine (mnutes)9l
FI D was uSé§PforldéledPFystrifd §88aSwas processed by Chromat o- pack C R3A
(trade nane) manufactured by Shimdzu Corporation.

Examples

The present invention will be explained in more detail
bywayof examples, which, however, arenot intended tobe 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 EI method was used for ionization under the following
condition: electronic voltage: 70 electron volts and electron
current: 60 micro amperes.

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

For GLC, GC17A (trade name) manufactured by Shimadzu
Corporation was used as the body and DB-1 (trade name) (0.25
mm X 60 m) manufactured by J&W Scientific Inc. was used as the
column. The INJ temperature was set to 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 M1 and the sprit ratio

was set to 200. The column temperature was set as follows.
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The peaks were separated by an automatic processing nethod and peaks which
have a first transition angle of 600 or less, an area less than 10 or a
gas chromatographic retention tine of 40 mnutes or nore were negl ect ed.
The gas chromat ographic retention time of each conponent is as follows.
Tabl e 6 Nane of conponent ENBConpound AConpound B Retention tine

(m nutes) 12. 2512. 438. 0013. 11 Exanple 1 (Al kali contact treatnent)

5- et hyl i dene- 2-norbornene (hereinafter abbreviated as "ENB", manufactured
by Sun Petrochem cal Conpany) Lot 3B02 was 43 used. GLC anal ysis using the
above non-polar colum of this ENB resulted in the detection of a conpound
whi ch hadTabllenger retention tine than hexane and a shorter retention tine
than 5-ethylidene-2-norbornene and showed the followi ng spectrum From
this spectrum the conpound was jdentified as 1, 3,5-cycloheptatriene
(corresponds to the conpound (A) [having 2he|structure of a seven-nenbered
cyclic t L5ERe hydrocarbaon). Tahle 7 Mags spectrunPl396551 Rel ative
rat|01000328164146 Also, GL.C anallys%s uisi ng {he above non-pol ar col um
resul t ed | FA9al fEEng Buethn of a conmpoung which had a |longer retention tine
t han 5-etq¥lldene norp@[nen%m?nd a shorter

mperature rise rate

] - 180
Final temperature (°C)

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 processingmethod
and peaks which have a first transition angle of 60° or less,
an area less than 10-or a gas chromatographic retention time
of 40 minutes or more were neglected.

The gas chromatographic retention time of each component

is as follows.

Table 6

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

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

"ENB”, manufactured by Sun Petrochemical Company) Lot 3B02 was
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retention time than normal decane and showed the follow ng spectrum From
this spectrum the conpound was identified as 2-ethyl

i dene-bicyclo-[3.2.1]-oct-3-ene which i s repre sented by the follow ng
formula (VI) (corresponds to the conjugat edpol yene conpound (B)having an
ei ght - menbered bicyclic hydrocarbon structure). . (VlI) 44 Table 8 Mass
spect runB0271194191134 Rel ative rati 01000709321294294294 Thi s ENB was
subjected to GLC analysis, to find that the ratio (Wa/Wl) of the anount of
t he conpousséd(A) having a seven-nenbered cyclic triene hydrocarbon
structure to the anount of ENB was 9.5 x 10-6 and the ratio (W/ W) of the
anmount of the 66AjarmtesipolsjagetlemourdntB)yphavirngp ameioght h e @& ed

bi cyclic hydrocarbon structure to the anount of ENB was 135 x 10-6. 150 ni
of this EKBSHa$esi xad thet Hes@coHionf cdgdesearound WhigbHbhadd at Hengiewt ure was
stirred for 5 mnutes, followed by separating and this operation was
repeat ed TREEELLPReEIMRekPan PREXADENENOME CHHakE hE BriotIhtting Fhédnt act

wi t h aquequs 4 was _m xed with 50 of iqQn exc ge water and the
i xture s StoRireer gt FUEEE, 2REI POABIC bYS r}rﬂ"ildij? SR -

operation S eated. three.tinmes to ohtain alkali,-contact treated ENB.
Thi s procgg\é%vﬁéﬁlrgeg %’f:é_‘éuﬂ’vg‘%tei FesPPE 6t 8in 1§1e{1&L§ﬁe§T 3700 m of

al kal i - Coﬁ'.t,%9%—%&%&5%@{3%@%%1&6:( %éfféép%ﬁc%')to the compound {(A) having

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

Table 7

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-ethylidene-bicyclo—-[3.2.1l]-oct-3-enewhichis representedby
thefollowingformula(VI)(correspondstotheconjugatedpolyene
compound (B)having an eight-membered bicyclic hydrocarbon

structure) .

- (VI)
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An, A dershol 5-stage batch systemdistiller was used. 540 g of the above
ENB (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 reflux
ratio (rr) of 10 to discharge 27 g of the fraction. Then, the rr was
changed to 3 to continue distillation until the anount of the residue was
54 g, to obtain 45 459 g of ENB(2). WA/WI and Wb/ Wl of this ENB were 3.2 X
10-6 and 13 x 10-6 respectively. (Polynerization) A2 1 stainless

aut ocl ave Tablwhisch t he atnosphere was fully replaced by nitrogen was
charged with 884 nml of heptane from which inpurities were elimnated and
16 mM of the above ENB (2) at 23C . Next, this autoclave was charged
further \WMabs sbécthind [0f gpropylogne|andot he g xtjureiwas heated to 80C where
et hyl ene Ided such  fhat - tde |t T PTRSSUr e,ET 08 MPa. Next, 0.2
mol of tF%?@gﬁgﬁa'ﬂ'HQBin "Z@pf'rgtﬁacﬂéﬁ f rﬁ%%ly ?Ew'hv aut ocl ave, and
then 0.1 m (0.001 mmvol) of a hexane solution containing 0.01 mmol/mM of

di met hyl (t-butyl am do) (tetranmethyl -TlI 5-cycl opentadi enyl)sila ne]titanium

di chl oride and E_lEhanilNléq«raosO%u’B'[ﬂle/c@e)d Rb @rné %&éﬁﬁﬁsiss,gltﬁrg%ﬂgoéhat éaéleby

tri phenyl car beni unt etraki s( pentaf| uor opheny or at act ur

Asahi G aggt@emMaRykdiete fher eadhvraddednd RS R Q@ avavaeRaratel y.
After triphenyl carbeniuntetrakis(pentafluorophenyl) borate was forcedly
added, theefextvetbeasdus}tdInet + Ze6né Bk d20 cBirBBhes: rudifir PF 688wl | USt
after the forced addition was mai ntai ned by adding ethylene and the

t enper at upé ®AS kept %at Z0COTUEMY the ratio (Wb/Wd) of the amount of

a'al
yrarormr o VAL T4 A" A A" may | G T

the conjugated polyene 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 aqueous 0.1
N NaOH and the mixture was stirred fdr 5 minutes, followed by
separating and this operation was repeated three times. Next,
this ENB which had been brought into contact with agqueous NaOH
was mixed with 50 ml of lon exchange water and the mixture was
stirred for 5 minutes, followed by separating and this operation
was repeated three times to 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)

An Oldersho 15-stagebatch systemdistillerwas used. 540
gof theabove ENB(1l) was charged tothedistiller to start heating
under the condition of a top pressure of 10.6 kPa. First, ENB(1)
was distilled under a reflux ratio (xr) 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 cbtain
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pol yneri zation. After 20 mnutes, 3 ml of nethanol was pressed in the
autocl ave by using nitrogen to stop the polynerization. As a result, 57 ¢
of an et hyl ene/ propyl ene/ ENB copol ynmer having an ethylene content of 62
nmol % an iodine value of 23 g/100 g and an intrinsic viscosity of 3.2 dl/g
was obtai ned. 46 Conparative Exanple 1 Ethylene, propylene and ENB were
copol ynerized in the sane manner as in Exanple 1 except that as the above
ENB, ENB subjected to neither alkali-contact treatnent nor distillation
was used 459 pl aceENB (ENB( Qa (maredy W/ whroeretiial InNBwaideald.e sneowas

used as it was) . As a result, 20 g of an ethyl ene /propyl ene / ENB
copolynerandVQQQXaﬁoéimﬂﬂgﬁﬁtmnﬁkyu of 54 nol % an iodine value of 27

g/ 100 g and an intrinsic viscosity of 2. 3 dl/gwas obtai ned. Conparative
Exanpl e 2 (Pedlvkekiizegdoadt treatnment) 150 m of ENB was nmixed with 50 ml of
an aqueous 0. IN NaCH  The m xture was stirred for 5 mnutes, followed by
separating tredthrerittadid 99§ auprotass l\ﬂd@#@bééﬁéﬁmﬂﬁﬁé’@lﬁ wes.Edat | t he
ENB brought into contact with aqueous NaOH was mxed with 50 m of ion
exchange %&P&ﬁce‘ﬁhéynﬁﬁ%eﬁa@aét‘Fli‘%‘ae?l "(’ﬂ-t% ’?ﬁ%d‘{‘%s"f Ytk d 13e
separatln%

an al kal i -@&ﬁﬁiﬁgﬁhﬁ?gat% R yo T 9ar Ot O fEFhgI e BEAlene. and
ENB wer o aAOLYIST haed | Do, SRR, PBNNET A% JJLFHATRLE Ly pXRepS pLha the

above ENB was' use n plrace a res

ethyl ene/ giopyL5PeLENR, £ORAUY fﬁ&%t‘[l‘}\é' P9s A £LLY &N 088NN e Yehylene

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 dichloride and 1.0 ml (0.002 mol/ml) of a toluene
solution of triphenylcarbeniumtetrakis(pentafluorophenylf
borate (manufactured by Asahi Glass Company) were forcedly added
in the autoclave separately. After
triphenylcarbeniumtetrakis (pentafluorophenyl) borate was
forcedly added, themixture was polymerized for 20 minutes. The
pressure set just after the forced addition was maintained by
adding ethylene and the temperature was kept at 80°C during
polymerization. After 20 minutes, 3 ml of methanol was pressed
in the autoclave by using nitrogen tc 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 g/100 g

and an intrinsic viscosity of 3.2 dl/g was obtained.
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62 nol % an iodine value of 24 g/100 g and a intrinsic viscosity of 3.0
dl /g was obtai ned. Exanple 2 47 (Agueous NaOH treatnent) As a

non- conj ugat ed cyclic diene, 5-ethyl idene-2-norbornene (hereinafter
abbreviated as "ENB") nanufactured by Sun Petrochem cal Conpany) Lot 3KO01
was used. The actual content of ENB was 99.48 wt % Al so, the compound A
was contained in such an.-amount that Wa/Wl was 15 x 10-6 and the conpound
B was |ikew se contained in such an anmount that W/W was 65 x 10-6 . A
drum havi ggmpacapdciet Exampl@0Q Land equi pped with a stirrer was charged
with 450 L of the above ENB and 150 L of aqueous 0. 1 N NaOH. The m xture
was stirred for Erdydenet, assopwasabhdlll vors capd Lame rtilzen, iraghecussneNaOH
was di scharged. This operation for treating ENB was repeated three tines.
ENB was Pénnerms hpdxhmmye | exGapi ehatl 36 thetbpys EVEHhENE e ubtesrtadas
poured. The m xture was stirred for 10 m nutes, was allowed to stand and
then the W&t BPLpREE Wl 1 SN Ge b remfimedpBpat fbpatiibatieRafan =B was
repeated three tinmes. (Distillation 1) The organjc phase withdrawn in the
above step™ Plasenthi EI(‘W?L éﬁ%%ﬁ%m%d%ﬂ%%gwo}%&wwlﬁ 19 %29 on.

A SR A 0 I SR, 1

a tower dianeter ofw%%))S'

| MTP Ki i . KO i
pac ggg,é/e,ﬁ%&eﬁw agh%ﬂ? L N 5143@%% ( nw@é?%ggpgﬁ at a

rate of 2 and a fi action was wth rom p of the
distiller o gtyAghabs Pind@ekHPrinsic viscosity of 2.3 d1/gwas obtained.

Comparative Example 2
(alkali-contact treatment)

150 ml1 of ENB was mixed with 50 ml of an aqueous 0.1N NaOH.
The mixture was stirred for 5 minutes, followed by separating
treatment and this process was repeated three times. Next, the
ENB brought into contact with aqueous NaOH was mixed with 50
ml of ion exchange water. Themixture was stirred for 5minutes,
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/propylene/ENB 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
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and a heavy fraction was withdrawn fromthe bottomof the distiller at a
rate of 190 kg/h. At this tinme, the pressure of the tower top was reduced
to 80 torr and the anmount of a reflux was 80 48 kg/h. At this tinme, the
tenperature of the tower bottomwas 880C. (Distillation 2) Using the sane
distiller as above (distillation 1) , the ENB withdrawm fromthe tower
bottomin the above distillation (distillation 1) was supplied at a rate
of 50 kg/h, and a light fraction was withdrawn fromthe top of the _

di still er (aguaocnat dacdf t4sakgelhtand a heavy fraction was w thdrawn fromthe
bottom of the distiller at a rate of 5 kg/h. At this tinme, the pressure

of the tower topswasnpedoceduget8d tgcdiandieme,anount of a ref lux was
100 kg/h. At this tine, the tenperature of the tower bottom was 840C. In

t he fract PorthiididiengtLenordbaincsg t(beaslENBtes)ahbreoyiatiedvas MENR Dhe
tower top, the conpound A was contained in such an anmount that Wa/Wl was 3
X 10- 6 anBePHE2EENFEENRY B YR F SteRfaHeR | FosweRYan LafodRe L tfas wasMd was 5
X 10-6. (Continuou olymerization) ENB (4) (one obtained_ by elimnating a
| ow boi | i ﬁg‘epéf:ﬁ’rlaif Paptrsth 4 dEE{BhV@ﬁ-%éi?l?n‘@t’f)oi it §F adtiOF FRIH ¢ he
above ENB

capaci ty A "aiott G BRIt gt it S PR he fcRe o op 10 2nd 9
Eg' ymer i Z%ieOBomﬁgﬁnheﬁp&éét f{.]@e%‘?ge k@%ﬁtzﬂn%@' ﬁtaﬂ?%ﬁ NS ldlltgbq.‘indl: drayel  was
pt such that the volune of "the Tr1qurd was 0 L, O Tun polymerization
by a cont WB?W%&?@@Q@-O"‘SP W@ R AGHE A a capacity of 1000 L and equipped
with a stirrer was charged with 450 L of the above ENB and 150
L of agqueous 0.1 N NaQH. Themixture was stirred for 10 minutes,
was allowed to stand and then, agueous NaOHwas discharged. This
operation for treating ENB was repeated three times. ENB was
left in this drum, into which 150 L of ion exchange water was
poured. The mixture was stirred for 10 minutes, was allowed
to stand and then the water phasewas discharged. This operation
for treating ENB was repeated three times.
{Distillation 1}

The organic phase withdrawn in the above step (treatment
with aqueous NaOH) was subjected to distillation. For the
distillation, a distiller was used which was made of SHUS304,
had a tower diameter of 305 mm and a tower height of 13 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 1light fraction
was withdrawn from the top of the distiller at a rate of 10 kg/h
andaheavy 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 amount of a reflux was 80

48



(t-butylam do) dinmethyl (tetranethyl-qg5_cyclopentadienyl) sila
netitani undi chl ori de was used as amai n catal yst, (C6H5)3CB(C6F5)4 was used
as a co-catalyst and triisobutylal um num (hereinafter 49 noted as TIBA) was
used as an organi ¢ al um num conpound. The supply condition of the raw
materials are as follows . Table 9 Hexan Et hyl enePropyl eneENBHydr ogenMai n
cat al yst Co- cat al yst TI BA e kg/ hkg/ hkg/ hkg/ hNI / hnrmol / hnmol / hnmol / h

22.83.73. 86.2200. 160. 482. 0 From t he obt ai ned pol yner solution, a resin was
obt ai ned kbyhst eam shisppimg, the thenpbtatumes sesiny Hdwe i Wtedm efas

ethyl ene was 62.2 nol % the content of propylene was 30.2 nol % the
content oB8°ENB was 7. 6 mol % and M. (1+4) 100C was 56. The yield per hour
was 6.0 kg. Conparative Exanple 3 (Aqueous NaOH treatnent) As a

non- conj ug@iedidyeltiiondiZéne, 5-ethyli dene-2-norbornene (hereinafter
abbreviated as "ENB", manufactured by Sun Petrochem cal Conpany) Lot 3KO01
was used. The Hetugl Te8niamR BrStENB Stagsosbasewiddshisbatior Yongdind A

was contained in such ap anoynt that Wa/Wil was 15 x 10-6 gnd ,  _the conpound
B vas | KENESELEBREAMROEE TR Stf i 36 TaROGHE™ Rt EI RGNS 165 5 L6160 A dr um

having a qapaghiy ot 10,00, L and squipped, Witho2 5¢idyAl, 4A3 Shaggsd vith

fraction was withdrawn from the top of the distiller at a rate
of 45 kg/h and a heavy fraction was withdrawn from the bottom
of the distiller at a rate of 5 kg/h. At this time, the pressure
of the tower top was reduced tc 84 torr and the amount of a reflux
was 100 kg/h. At this time, the temperature of the tower bottom
was 84°C. 1In the fraction (hereinafter referred to as ENB(4))
withdrawn from the tower top, the compound A was contained in
such an amount that Wa/Wd was 3 X 107° and the rcompound 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
fraction and a high-boiling point fraction from the above ENB (4)
after washing with NaOH) was used. A SUS reactor having a
capacity of 300 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 volume of the liquid was 100 L,
to run polymerization by a continuous method.

In the reaction,

{(t-butylamido)dimethyl (tetramethyl-—T]S—cyclopentadienyl) sila
netitaniumdichloridewasusedasamaincatalyst, (CgHs) 3CB (CgsFs) 4

was used as a co—catalyst and triisobutylaluminum (hereinafter
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L of aqueous 0. 1 N NaOH. The m xture was stirred for 10 m nutes, was

all owed to stand and then, aqueous NaOH was di scharged. This 50 operation
for treating ENB was repeated three tinmes. ENB was left in this drum into
whi ch 150 L of ion exchange water was poured. The m xture was stirred for
10 mnutes, was allowed to stand and then the aqueous phase was

di scharged. This operation for treating ENB was repeated three tines.

(Mol ecul ar sieve treatnment) The organi ¢ phase recovered in the above
process (agtteduss MAGH)t waat MeRY) awaant keated cuilng iauadlceawoandsi eve. A 50
L SUS container was packed with 50 L of a nol ecular sieve 4A. ENB was
supplied to thi Sheont@percoadia ivat ef dfhebfak/rmttar Cars wreuds fudllesud.ar
sieve treatnment. In this ENB, the conpound A was contained in such an
anount t RableaPWd was 13 X 10' 6 and the conpound B was contained in such
an anount that W/ Wl was 65 X 10-6 (hereinafter referred to as ENB (5))
(Continuous polynerization 1) ENB.(5) (one obtained by treating with the
nol ecul ar Silexue | EAlilent | @ropyles:h| BB wi [tHydNg&H) Maasatalyed | CAcBilE! 1 amA ol havi ng
a capacitye of 300 L and equi pped wij{th a stirrer was used to fun

pol yrrerlzaztugﬁln 'ﬂ% t enp gﬁaturekgy@s mt at | §fer@nd t henlolgiul d malcgi ¢l Was

kept such t—tijtre, Vot thes d—wasT 100t —to num potrynerizati on
by a conti nII%IIQ régzr hod gsn the lé:::'zc\:-':r"r i rQn d‘fg 0,4é‘ §dj

(t-butyl am do) di net hyl (tetramet hyl - 115- cycl opent adi enyl )sil a
netitani undi chl ori de was used as amain catal yst, (C6H5) 3CB (C6F5) 4

From the obtained polymer solution, a resin was obtained

by steam stripping.

In the cbtained resin, the content of ethylene 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 yield per hour

was 6.0 kg.

Comparative Example 3
{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 ENB was 95.48 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 that
Whb/Wdwas 65x107°. Adrumhavingacapacityof 1000 Landeqguipped
with a stirrer was charged with 450 L of the above ENB and 150
L of agqueous 0.1 NNaOH. Themixturewas stirred for 10 minutes,

was allowed to stand and then, agueous NaQOHwas discharged. This
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was used as a ca-catalyst and triisobutylalum num (hereinafter noted as

TI BA) was used as an organi ¢ al um num conpound. 51 The supply condition of
the raw nmaterials are as follows. Table 10 HexaneEt hyl en

Propyl eneENBHydr ogenMai n cat al yst Co-cat al yst TI BA e

kg/ hkg/ hkg/ hkg/ hNI / hnrmol / hnmol / hnrmol /' h 22, 83. 73. 86. 2200. 280. 842. 5 From t he
obt ai ned pol yner solution, a resin was obtained by steamstripping. In the
obtai ned resin, the content of ethylene was 62.4 nol% the content of
propyl ene opazazdof fok%rébeingridmitwaf rdoB tarl thre8 fDh&santeid Walst4)
100C was 55. The yield per hour was 5.9 kg. It is understood that if it is
i nt ended tlefdbtiai hhia gokwpeint@awhigh ASisamefpiopeztclesnags watdxamsd e 2,

it is necessary to nake the concentration of the catal yst higher than

that in Erstpgled.2. Tiieonikhuoasvpdl yeriedtfon Y ENBIYS), (ke adbiaiated by
treating with the nol ecul ar sieve 4A after washing with NaOH) was used. A
SUS react &° KB&@NAg 28 CiPES (HPeopBWEOUS D@ Seqwiasped sanarged st Frigr was
used to run polynerization. The tenperature was _ kept at 80C and the |iquid

| evel was “REFE LR8N TOFatt T ERE PG R Y4F tRPSETGE FhRes T6MSS- to run

pol ymer i Za(Mo?.%c% Y %grétvlen ?:tésémré%gcr)\od. In the reaction,

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

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

{Continucus polymerization 1)

ENB (5) {(one obtained by treating with the molecular sieve
47 after washing with NaOH) was used. A SUS reactor having a
capacity of 300 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 volume of the liquid was 100 L,
to run polymerization by a continuous method.

In the reaction,

(t-butylamido)dimethyl (tetramethyl-n’-cyclopentadienyl)sila
netitaniumdichloridewasusedasamaincatalyst, (CgHs}3CB (CgFs) 4
was used as a co-catalyst and triiscbutylaluminum (hereinafter

noted as TIBA) was used as an organic aluminum compound.
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(t-butyl am do) di net hyl (tetramet hyl - 115-cycl opent adi enyl )sil a

netitani undi chl ori de was used as amain catal yst, (C6H5) 3CB (C6F5) 4 52 was
used as a co-catalyst and triisobutyltal um num (hereinafter noted as TIBA)
was used as an organi c al um num conmpound. The supply condition of the raw
materials are as follows. Table 11 HexaneEt hyl en Propyl eneENBHydr ogenMai n
cat al yst Co- cat al yst TI BA e kg/ hkg/ hkg/ hkg/ hNI / hmmol / hmmol / hnmol / h

22.83. 73. 86.2200. 280. 842. 0 From t he obtai ned pol yner solution, a resin was
obt ai ned by st eam slippPppicegditienyseluheotatrhes bt bd e d reess ITqIdrowour was
2.6 kg. It is understood that when running polynerization in the sane
condi ti onTaylienlBxanpl e 2, polynerization activity is outstandingly |ow
Exanple 3 (Distillation 1) As a non-nonjugated cyclic pol yene,

5-et hyl i dene-2-norbornene (hereinafter abbreviated as "ENB', nanufactured
by Sun Pet rkexhen| ExaylenCO Mpaityge LENB 3KHydwgsn (SR catallite | @6lcatatkst ament, of ENB
was 99.48 wt % Also, the conpound A was conmtained injsuch anjanount} that

Va/ Wi (ratj y ht S I 1 and Mpoumn( S se
QDY MERONTY koMas TRA 10+ Rog@TPOUNd Bi4aS [T e

[ 4 \ A J \AA

cont ai ned f :uuh% amauunt—tn W Ye—(ra z oy —wWet was—Tg5—%X—10- 6.
For the d;idéganll Hlon 1238di st il %%y \%Eé_us_ed 8 ch was! Wd4e of | 2ds30 ,

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

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

(Continuous polymerization 2)

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

A 8US reactor having a capacity of 300 L and equipped with
a stirrer was used to run polymerization. The temperature was
kept at 80°C and the liguid level was kept such that the volume
of the liguid was 100 L, to run polymerization by a continuous
method.

In the reaction,
(t—butylamido)dimethyl(tetramethyl—ns—cyclopentadienyl)sila

netitaniumdichloridewasusedasamaincatalyst, (CgHs)3CB (CeFs) 4
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had a tower dianeter of 305 mmand a tower height of 13 mand 53 was packed
with | MIP packings corresponding to 30 stages. ENB Lot 3KO1l was supplied
at arate of 100 kg/h, and a light fraction was withdrawn fromthe top of
the distiller at a rate of 10 kg/h and a heavy fracti onwas w t hdrawn from
the bottomof the distiller at a rate of 90 kg/h. At this tine, the
pressure of the tower top was reduced to 80 torr and the anmobunt of a ref

|l ux was 100 kg/h. At this tine, the tenperature of the tower bottom was
88C. (D swialsl atédm=2} ddsicrrdhestsane i 51sdbetybsl abonen (Hetdidasttiean 1)
the ENB withdrawn fromthe tower bottomin the above distillation

(distill anicged] pswaddBduppkisedisad asr atne oafya®( ck g/llumiamech &ompghind.fracti on
was Wi thdrawn fromthe top of the distiller at a rate of 40 kg/h and a
heavy fraction Wh& SHRIhEY emdfitdont @8 tist rammater vl gliagei 4§ dio ldtows .r at e of
10 kg/h. At this time, the pressure of the tower top was reduced to 84
torr and TREL&nddnt of a ref lux was 120 kg/h. At this tine, the
tenperature of the tower bottom was 84C. In the fraction (hereinafter
referred toas-ENB (6) ) wthdrawn fromthe tower tgop the conpound A was
cont ai ned j Wexangyidithyden 4 Rropyienet |ENB Ybger aMam dotplysiei| Flotchtalysis {T8S than 2 X
10" 6 and the conmpound B was contained in suych _an anount .that W/ Wi |(ratio
by wei ght)|®as |jegm t harg® X 10gh (e ynenimgathon) |Andid St dimdods S
aut ocl ave [I53 awhi the mosSphier Tarmy epl aced nitr n s
charged w t%‘%'888405;:1. of ..{Ept anceé lfu\.i.\fﬁ)*v Heh Prz.*%u.. t++ed 0‘%.*6 et rgﬁ:anat ed and

16 mM of the above ENB (6)

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

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

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

outstandingly low.

Example 3
{(Distillation 1)

As a non-nonjugated cyclic polyene,
5-ethylidene-2-norbornene (hereinafter abbreviated as “ENB”,
manufactured.by Sun Petrochemical Company) Lot 3K01l was used.
The actual content of ENB was 99.48 wt%. Also, the compound
A was contained in such an amount that Wa/Wd (ratio by weight)
was 15 X 107™® and the compound B was likewise contained in such
an amount that Wb/Wd (ratio by weight) was 65 X 107%. 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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at 23C . Next, this autoclave was charged further with 17 N1 54 of

propyl ene and the m xture was heated to 80C where ethylene was added such
that the total pressure becane 0.8 MPa. Next, 0.2 mol of
triisobutylal um numwas added forcedly in the autoclave, and then 0.1 mi
(0.001 nmmmol) of a hexane solution containing 0.01 nmmol/mM of

[ di met hyl (t-butylam do) (tetramethyl-rj5--cycl opentadi enyl)sil ane]
titaniumdichloride and 1. O m (0. 002 nol/m) of a toluene solution of
t ri phenyl easbgatket et rakiIsfipephakh igs opherydpondiqte Goesudgss Ur SNy
Asahi d ass Conpany) were forcedly added- in the autoclave separately.
After triLphedyl L aasesmippt eédaki s (yeare affl LOF dpli@énydnd laot aflet ias ctfianced| y
added, the m xture was polynerized for 20 mnutes. The pressure set just
af t er t hewhgrebthdoaveiforrmmabenedmcd hbd distiaddngtes matene fah@ kadvd
tenperature was kept at 80C durin pol ynmeri zation. After 20 m nutes, 3 ni
of net hanéPd\ﬁa%ei)‘ﬂé§§é8thﬁWtaﬁé“a deavay 67 BY theibRf v e H§be He Eitlden he

pol ymeri zati on As a result of an ethylene/propylene/ENB copol yrer
having  afitefh§A Ene Tt &AY Pof %%g%wq 28 6&1‘|en8r9§FB§eo‘P gy /LANEYy  and

2y one. CEPooPoEk drdneRe et IR J8henk PRE RPN |,
L SABIReR At ek £ 00! ALLES L L0 I8 K ine (FRRUMIAR W DY

Sun Petroc em cal “Conpany, as 11 was i n ace of the
above ENBg@p~. As a result, 30 g of an ethylene/propylene/ENB copol yner
havi ng an et hyl ene content of 57 nol % an iodine value of 26 g/100 g and

an intringb@stillation 2)
Using the same distiller as above (distillation 1), the
ENB withdrawn from the tower bottom in the above distillation
(distillation 1) was supplied at a rate of 50 kg/h, and a light
fraction was withdrawn from the top of the distiller at a rate
of 40 kg/h and a heavy fraction was withdrawn from the bottom
of thedistiller at a rate 0of 10 kg/h. At this time, the pressure
of the tower top was reduced to 84 torr and the amount of a reflux
was 120 kg/h. At this time, the temperature of the tower bottom
was 84°C. In the fraction (hereinafter referred to as ENB(6))
withdrawn from the tower top, the compound A was contained in
such an amount that Wa/Wd (ratio by weight) was less than 2 X
10"® and the compound B was contained in such an amount that
Wb/Wd (ratio by weight) was less than 2 X 107°%.
(Polymerization)
A 21 stainless 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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55 viscosity of 2.7 dl/g was obtai ned. Exanple 4 (Aqueous NaOH treatnent)
As a non-conjugated cyclic diene, 5-ethylidene-2-norbornene (hereinafter
abbreviated as "ENB") nanufactured by Sun Petrochem cal Conpany) Lot 3K02
was used. The conpound A was contained in such an anpunt that Wa/ Wl was
10.5 x 10-6 and the compound B was | i kew se contained in such an anount
that W/ Wl was 115 X 10-6. 150 ml of ENB was m xed with 50 ml of an aqueous
0. 1IN NaOH The m xture was stirred for 5 mnutes, foll owed by separating
t r eat ment o@gngrbbi Sepe coed cheasikepeat eds tiseecd iteso°fexierd RechyiENB r ought
into contact with aqueous NaOH was m xed with 50 ml of ion exchange water.
The m xt uweswaddstli sneld float 5he ruttes, presishawetebymsepad dtPag tNeedt,ment
and this operation was repeated three tinmes to obtain al kali-contact
treated ERBZ mhpd pfodadd sousyleguntiogm mase addeds forceidilyi ina thet al  of
430m of alkali-contact treated ENB g 7) (Distillation) On the day

f ol | owi ngatRhecdayonaRfi ERSRNR- ABYe %qQJQébl}EmONaG-f t& QRPN SR R i ed

out, ENB §3 |)‘?‘.Wa5 di Sbl || ed ai nenti oned below, using an O dersho 15-stage
bat ch systeREALELAG 012’7‘6“3 ém&f othe above ENB (7) was charged to the

Pa. i v st R patRET dareiRatr et sovr lePRRERR oY A6 o

di schar ge .27 93 mediaﬁmg@e NER oRE (6. 9B RISk TNt i nue

solution of triphenylcarbeniumtetrakis (pentaflucrophenyl)
borate (manufactured by Asahi Glass Company) were forcedly added-
in the autoclave separately. After
triphenylcarbeniumtetrakis (pentafluorophenyl) borate was
forcedly added, themixture was polymerized for 20 minutes. The
pressure set just after the forced addition was maintained by
adding ethylene and the temperature was kept at 80°C during
polymerization. After 20 minutes, 3 ml of methanol was pressed
in the autoclave by using nitrogen to stop the polymerization.
As a result, 55 g of an ethylene/propylene/ENB copolymer having
an ethylene content of 63 mol%, an iodine value of 23 g/1l00 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 3K01) was
used as it was in place of the above ENB{6). As a result, 30
g of an ethylene/propylene/ENB copolymer having an ethylene

content of 57 mol%, an iodine value of 26 g/100 gand an intrinsic
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distillation until the anpbunt of the residue was 54 g, to obtain 189 g of
ENB (8) . Wa/Wl and W/ Wl of this ENB were 2. 9x 10 6 and 9 x 10-6
respectively. (Preparation of the ENB conposition) Imediately after that,
50 g of this ENB(8) was placed into a 100-nil flask with branch whi ch had
been purged with nitrogen and into which 5.0 ng of
2, 6-di -tent-buthyl --nethyl phenol and a rotor had been put. Inmmediately
after ENB (8) was placed into the flask, the contents were agitated with a
stirrer forisgdsmtgubds 2. 7add /gheasNBbtaripesi.t i on(9) was obt ai ned.
(Pol ynerization 1) Ethylene, propylene and ENB were copol ynerized in the
sane manner as in Exanple 1 except that the above ENB conposition (9)
whi ch had been allowed to stand for one day after the preparation of the
conposi ti BxamRdeuded in place of ENB (2) . As a result, 57 g of an
et hyl ene/ propyl ene/ ENB copol ynmer having an ethyl ene content of 64 nol % an
i odi ne vallGgusPus3NgPEOG*§24HE &R intrinsic viscosity of 3.2 dl/g was
obt ai ned. (Polynerization 2) Ethylene, propyl ene and ENB were cgopol yneri zed
in the same mafifler as Bn ExanpP® foiEgpt-that t h&é¥&ddFe ENB Corfdssi tion
(9) mhicg_h g een_al l,owed. to stan? for.140Q days after th repargtion of
Lhe compodr PEgY LiaenRsaa DAPBRREE Sof PERRL {3 ot Ao e vEkat 78 S5 RN an
et hyl ene/ pLapy /gg qggL éﬂﬁy' n %%5 e o} t %g 63 | o
o e REREEEIBEA PR W M A BRGNS L8O Thale8l S0RI 0,
obtai ned. tRé W lohnd FAIMRIn¥Fained in such an amount that Wa/Wd was

10.5 X 10°® 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 agqueous 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. Themixture was stirred for 5minutes,

followed by separating treatment and this operation was repeated

three times to obtain alkali-contact treated ENB. This process

was repeated three times to obtain a total of 430ml of

alkali-contact treated ENEB(7).

{(Distillation)

On the day following the day on which the above aqueous

NaQE treatment was carriedout, ENB(7) was distilled asmentioned

below, using an Oldersho 15-stage batch system distiller. 270

gof the above ENB(7) was charged to thedistiller to start heating

under the condition of a top pressureof 10.6 kPa. First, ENB(7)

was distilled under a reflux ratio (rr) of 10 to discharge 27

g of the fraction. Then, the rr was changed to 3 to continue
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1. A non-conjugated cyclic diene characterized in that it satisfies at

| east one of the following (1) and (2); (1) it contains a conpound (A)
havi ng a seven-nenbered cyclic triene hydrocarbon structure in such an
anount that the ratio (Wa/W) of the weight (Wa) of the conpound (A) to
the weight (W) of a non-conjugated cyclic diene is O or nore and 5 X 10-6
or less; and (2) it contains a conjugated pol yene conpound (B) having an

ei ght - menbered bicyclic hydrocarbon structure in such an anount that the
rati o (VWAWdridfatthenwshght thbamoetint ke chepmmidiyByast D ghetoveiglatin W) of
a non-conjugated cyclic diene is O or nore and 30 x 10-6 or less. 2. A
non- conj ug&Ped af ENBJ 8di.enda f6dposi fibdidcofprh 53 AR Werendnx dj bigaded
cyclic diene according to daiml and an antioxidant. 3. A nethod of

pr oduci ng2aXpdPynerespesdd v yhon- conj ugat ed cyclic diene conprising

suppl ying the non-conjugated cyclic diene_ according to Claiml to the
polynerizé??@ﬁaéﬁtéSBoP%néPPzg&ﬁoﬁomﬁ§ﬁﬁ§l§ﬁ)oIefin pol ymeri zati on cat al yst

contai ni ng an octgani.¢ .al um num oxy co und and/or _an ionizing_.ionic
conpound. g4. A ﬁgﬂiad‘i]e&ﬁr 8g58FnBX%tpg??O/n%r°1§a&€os SAEGH- &6 %d‘ét"@di cyclic
di i Si i t.he .non-conj ed.cyclic diene 58 .according to
oo SoTBh A URELY 00 IS DT OBt e el gl 08 R 350l 0

pol yireri 2ahi0ine8t ghYSh £00LE NG AN Arganicy hW—Mh%ﬁa#ge?ﬁ@gs%E% and/ or

an ionizing ionic comnmpound. producr'ng a p on

non- gow‘1 ggﬁf@goﬁmld SeeHifiNE COMRELTRS 1SURPLYE MR §1002 805 Mok qdhceyclic
the flask, thecontentswereagitatedwithastirrer for 30minutes,
and the ENB composition(9) was obtalned.
{Polymerization 1)

Ethylene, propylene and ENB were copolymerized in the same
manner as in Example 1 except that the above ENB composition (9)
which had been allowed to stand for one day after the preparation
of the composition was used in place of ENB(2). As a result,
57 g of an ethylene/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 ENB were copolymerized in the same
manner as in Example 1 except that the above ENB composition (9)
which hadbeen allowed 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 copolymer having an ethylene

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

viscosity of 3.2 di/g was obtained.
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I s obtained by bringing a crude non---conjugated cyclic diene into contact
with an alkali and then renoving at |east a part of a |owboiling point "
fraction and at | east a part of a high-boiling point fraction to the

pol yneri zation or copol ymerization using an olefin polynerization catalyst
contai ning an organi c alum num oxy conpound and/or an ionizing ionic
conpound. 6. A nethod of producing a non-conjugated cyclic diene polyner
conpri sing supplying a non-conjugated cyclic diene conmposition containing
anon- conj W§ared scycriIeiEd @ise whi ch is obtained by bringing a crude
non- conj ugated cyclic diene into contact wwth an alkali and then renoving
at least a part of a lowboiling point fraction and at |east a part of a
hi gh-boi | i ngpoint fraction and an antioxidant to the polynerization or
copol yner itzat RoRonusphguaatefetyal ol ghenrtzahhvactarakgdt igonhatnihg an

organi ¢ al um num oxy conpound and/or an i.Qni zing ionic conpound. 59
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/Wb) 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
or less; and

(2) it contains a conjugated polyene compound (B) having an
eight-membered bicyclic hydrocarbon structure in such an amount
that the ratio (Wb/Wd) of the weight (Wb) of the compound (B)
to the weight (Wd} of a non-conjugated cyclic diene is 0 or more

and 30 x 107° or less.

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

antioxidant.

3. Amethodofproducingapolymerbasedonnon-conjugatedcyclic
diene comprising supplying the non-conjugated cyclic diene

according to Claim 1 to the polymerization or copolymérization
using an olefin polymerization catalyst containing an organic

aluminum oxy compound and/or an lonizing ionic compound.

4. Amethodofproducingapolymerbasedonnon-conjugatedcyclic

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

aluminum oxy compound and/or an ionizing ionic compound.

5. Amethodofproducingapolymerbasedonnon-conjugatedcyclic
diene comprising supplying a non-conjugated cyclic diene which
is obtained by bringing a crude non—-conjugated cyclic diene into
contact with an alkali and then removing at least a part of a
low-boiling point fraction and at least a part of a high-boiling
point fraction to the polymerization or copolymerization using
anolefinpolymerizationcatalystcontaininganorganicaluminum

oxy compound and/or an ionizing ionic compound.

6. A method of producing a non-conjugated cyclic diene polymer
compriéingsupplyhu;anonmconjugatedcyclicdienecomposition
containing a non-conjugated cyclic diene 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 fractionandat leastapartofahigh-boilingpoint fraction
and an antioxidant to the polymerization or copolymerization
using an olefin polymerization catalyst containing an organic

aluminum oxy compound and/or an ilonizing ionic compound.
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