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-1 - Random Copol yner And 5’@1 &Fq Producti on Ther eof Descrgggl on
This invention relates to a no random copol ymer conprising at &

pol ynerized units fromethyl ene and po- |ynerized units froma cycf'&fél efin
as nmononers, and a process for productlon hereof. More specifically it
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strong aci d¢eptie ohiyckaiybis.s and of being sus- ceptible to hydrolysis.
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re cryst aldht B P cﬁ'fag el rxz;p tﬁ)vﬁ-n gn
adding a méﬁdeﬁtﬁipkoﬁﬂhe@-ﬂ%ﬁol Qf r{sqﬂﬂ J?no q%nXﬁ e!h rgdd IS also
per f or ni ng nxywemmma:tra.sﬁﬁcear riglaly Wik S¥erBase c@wﬁ. S, ut such rreasures have
not proved t Ordee cthat Haticingthotd ﬁa&@ﬁewﬁopoéaatohﬁducnﬁgbayr&e@ammea&r tréhsgakendydby copo-
conponent metiring sthyldne withipalkyeamenamgera Y 681 Patens 2, 863828 discibses 3 sppalymer df btayldnetith 2@rithy-
excel | ent ﬁPS'ﬁGPRBP‘e%e"Gf‘W ¢reolymsr has B ekl balgncedgombinatipnh r'mdﬂy griddrangersenesivtey eetreod

requires | §iFgRe “'m'aﬁﬁfﬁ“ﬁeﬁF@a”P‘?"Rel to reduce heat

resi stance ggm{l 'éresemeﬂ §| gﬁgw{é é"sf' o%.3 RIRPS|19" PRTHEYS @ homo- or egpolyEl hatger
hand, nethd ave. ¥8r°™D uci ng pol yners havi ng superi or

t ransparency by copo- Iyrrerl ng et hyh@ne wi th bul ky conobnoners. U. S

Patent 2,883,372 discloses a opolyrrer }f—et hyl ene with 2, 3-di hy-

dr odi cycl opent adi ene. This o fa$ a wel | bal anced conbi nation of
rigidity and transparency but deat fe- sistance ,as shown by its gl ass
transition tenperature of abo§t N err}C. Ja'ﬁ'a'né?i Pat ent Publication
No. 14,910/1971 discloses a ptodex¥ for{producing a homo- or co-pol yner
havi ng pol ynerized units repré¢sent§d byjthe follow ng fornmula (a) [err]
- --(a) wherei nj{R i s hydrpgen or a | ower al kyl group, which
conprises polynerizing a 1 ,4,5, 8-di nethano-1, 2, 3, 4, 4a,

5, 8, 8a- oct ahydr @,namnhwd.emofﬁwem@@wwmcaﬂﬁséwn@mgmﬁeamtaaneb)zuk@rr]

5,8,8a-oclahydronaphthalene represented by the following formula (b)

R .
m/ -=- (b)

wherein R is as defined above, alone or with a cyclic olefin selected from styrene, acenaphthylene, bicycio-
[2.2.1)heptene-2, alkyl-substituted products of the heptene and cyclopentene in the presence of an alcohol as a re-
ducing agent using a halids of a noble mstal such as ruthenium as a catalyst.

Homo- or co-polymers comprising the 1,4,5,8-dimsthano-1,2,3,4,42,5,8,8a-octahydronaphthalene as par or the
whole of monomers and methods for production thereof are also disclosed in Japanese Laid-Open Patent Publications
Nos. 159,598/1975, 127,728/1983, 51,911/1984, 81,315/1984 and 81,316/1984 and U. S, Patent 4,178,424,

The polymers disclosed in these prior art documents are ring-opened polymers having polymerized units resulting
from ring-opening of monomers as in the polymerized units rapresented by formula (a). As can be understood from
formuia (a), these ring-opened polymers ara structurally characterized by the fact that the main polymer chain contains
an unsaturated viny] linkage. Bacausa of the presence of the unsaturated vinyl linkage, these polymers have poor heat
aging resistance.

All of the polymers described in the above prior art documents are ring-opened polymers obtsined by the ring
scission of a monomer. U. S. Patents 3,330,815 and 3,494,897 and Joumal of Polymer Science: Polymer Physics
Edition, volume 12, 1607-1618 (1974) describe polymers of the type obtained by the opening of the double bond of
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(b) wherein Ris as defined above, alone or with a cyclic olefin
sel ected from styrene, acenaphthyl ene, bicyclo- [2.2.1] heptene-2,
aFkyl -substituted products of the heptene and cycl opentene in the presence
of an alcohol as a re- ducing agent using a halide of a noble netal such as
rut henium as a catal yst. Hono- or. cozpol yners conprising the 1
oo T 2,5 5 B SO quepl il oh e part o (1

ol e of nmvoamsr Yihevhie g EFREIENS . biogind A At so disclqsed in
ot | P AGPLATs @ EEH BRI CRBLens puat by e s HoRRE5S
51,911/1984, 81, 315/1984 and 81316N984 and U. S. Patent 4,178, 424.
The pol yners disclosed in thes ri art docunents are ring-opened
pol ymers having pol ynerized unift ulting frow1q qg-opening of nononers
as in the polynerized units reqgr ed by for®il &%%a). As can be
understood fromfornmula (a), tHese ring-opened polyners are structurally
characterized by the fact that The I n pol ymer chain contains
unsat ur at eckr i spstitution aregigidnerasti BpiRER o bt"}‘Fg’lzﬁr@'%ﬂﬁ@ °be ‘P'f‘?@'"ﬁﬁ@é‘f %Pat ed vinyl
| i nkage, these polynmers have p;ggzgeat agi ng resi stance. Al'l of the

pol ymers described in the abov or art documentg) are ring-opened

pol yners obtained by the ring s sion of a nononer. U S. Patents

3,330, 815 apgl sdosthAdn BUlcrand Jour nal of Pol ymer Science: Pol ymer Physics

Edi tion, vol ug®. Fatent 3464887 dicib&ss b ArBckde)for d@aieing drepaymbrphatyneotdih 4 tingeld3/4d-hepbE-eriene d
by the openegigeradd by heiosingbevbend of

-2- nononer without the ring sci on of the bicycl ohept-2-ene skel eton of

the nononer. U S Patent 3,2 315 di scl oses that a pel yner conpri sing
pol ymeri zed units of the followi Nfornula (c)y-- {e)

[err] --- (c) or the subgfituyjon product thereof is obtained from
bi cycl o[ 2. 2. 1] hept-2-ene of the*foll 0w ng formula (d)

[err] Example 44 and claim 92 of this patehit@)scloséd a colpGyntetidd Sthylichahiih GefradplaQERICIR-6,027)-4-cokihcerfs.
Pat ent 3, 494 8 Riowilh BeduR HPscanppus@mBisthé imualedduci ng a copol yner of ethyl ene
w th abicyclo[2.2.1] -hept-2-ene rgpregented by the followi ng fornula (e)

[err] -e= {£)

and ethylene. The Patent does not describe the content of the tetracyclododecens of the copolymar of Example 44.
When it is calculated under the assumption that all of the tetracyclododecene charged was introduced into the polymer,
the polymer contains polymerized units derived from about 2 mole% at most of the tetracyclododecens, U. S. Patent
3,494,897 does not at all describe specifically copolymers of ethylene with tetracyclododecenes other than the tetra-
cyclo[6,2,1,138,027)-4-dodecene of tormula (f).

Journal of Polymer Science: Polymer Physics Edition, volume 12, 1607-1618 (1974) discloses copolymers of eth-
ylene and norbornens derivatives having dynamic mechanical properties. Table 11 of this document shows a copolymer
of ethylens containing 1 mole% of polymerized units derived from the same compound as formula {f) (named octahy-
drodimethanonaphthalens in this document). Table IV thereot states that this copolymer has a beta-relaxation temper-
ature of 15°C. i

The copolymers described in these prior art references which contain only 2% at the most of oclahydrodimeth-
anonaphthalene have a glass transition temperature of about 15°C at the highest. They strongly exhibit a rubbery
nature and have poor heat resistance and mechanical properties. :

U. S. Patent Application Serial No. 696,161 (European Laid-Open Patent Application No. 0156464) discloses a
random copolymer composed of ethylene, a 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene and option-
ally an alpha-olefin having at least 3 carbon atoms or a cycicolefin, wherein the mole ratio of polymerized units from
the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-cctahydronaphthalene to polymerized units from ethyiene is from 3:97 to 85:
5 and the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene is incorporated in the polymer chain as polym-
erized units without ring-opening.

The specification of U. S. Patent No. 2,883,372 discloses a nommally solid copolymer of ethylene and 2,3-dihyd-
rodicyclopentadiene having the following formula

00,

said copolymer having a density in the range of 0.96 to 1.02 and being capable of bsing compression-molded at

elevated temperatures into tough films,
US-A-3,478,002 describes sulfur-curable terpolymers of a norbornene, ethylene and a Cy 9 c-olalin obtainable

by batch copolymerization.



Exampl e 44 and claim92 of this patent discloses a co-polyner of ethylene
with tetracyclo[6,2,1,1[err],0[err]]-4-dodecene of the follow ng formula
(f) enconpassed within the fornula (e) [err]
(f) and ethylene. The Patent does not scrl be the content of the
tetracycl ododecene of the cop When it is cal cul ated

| 44.
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di scl oses copol yners of eth- ylene and norbonene deri vatives having dynam c
mechani cal properties. Table R of this docunent shows acopol yner of

et hyl ene containing 1 nol e% of ol yneri zed units derived fromthe sane
compound as formula (f) (napefl octaly-Rdr odi net hanonapht hal ene in this
docunent). Table IV thereof statgs that this copolymer has a

beta-rel axati on tenper- at ir e of 13&”] C. The copol yners described in
t hese prior art referencesvvhﬂ?@ lain only 2% at the fPst of

oct ahydr odi met h- anonapht hjal ene Have|a gl ass transition tenperature of
about 15C at the highest. f[hey sfrondly exhibit a rubbery nature and have
poor heat resistance and nechqnifcg eriBertles U S. Patent
Application Serial No. 696, 161 {Eur opean Lai d- Open Patent Application No.
0156464) discloses a random cdpbl ynmer conposed of ethylene, a 1
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, 4,5, 8- di et teaan otherd 1&m4 gebep o 1h8 foaving Gireddy dr onapht hal ene to pol yneri zed

units fromethylene is from3:97 to 95. and the 1

, 4,5, 8-di net hano-1, 2, 3, 4, 4a, 5, 8, Safégﬁy%\onapht hal ene is incorporated in
t he pol yner chain as polym erized uggﬁ Wit hogta2ni ng- openi ng. The
specification of U S. Patent No. 2,833,372 discloses a normally solid
copol yner of ethylene and 2, 3-di hy rodi ¢ggcl opent adi ene having the

follow ng formula sai d copol yner fng a density in the range of 0.96
to 1. 02 and bei nghicrayadnl @12afe idpeticalgr diferspratsScionRpreehckeitydagen et \atialgbn atom or a
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el astone of Th "°3T’?1§71'"§'ﬁ§')[err] ol ef i n- nonconj ugat ed di ene tetrapol yner type
containing a sterically-hindg3ed unhal ogenated nono-ol efin nononmer for use
in vehicle types. The presgnt invention seeks to provide a copol yner
havi ng excel | ent transparency maﬁg resi stance, heat aging resistance,
chem cal resistance, sol e yhice, dielectric properties and
mechani cal properties. )l y the present invention provides a
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wherein all symbols are as dsfined abovs,
(D) the copolymer has an intrinsic viscosity {n], measured in decalin at 135°C, of 0.01 1o 20 dl/g,
(E) the copolymer has a molecular weight distribution (Mw/Mn), measured by gei parmeation chromatography, of
not more than 4, and
(F) the copolymer has a crystallinity, measured by X-ray diffractometry, of O to 10%.

The present invention aiso provides a process for producing a random copolymer as defined abovs, which process
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(A) the copolynmer conprises polynerized units of ethylene and pol yneri zed

units of at |east one cycloolefin rep- resented by the follow ng
formula (1) [err]

wherein R err], Rerr], Rerr] and R err] are identical or different and
each represents a hydrogen atom hal ogen-at em or a hydrocarbon group
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and each r qd)aigha®ahSnsaurltydts GGG aadsemonae.rlaamgﬁnb)ayram @) organic silicoep e rdving
group havi ngoldfintay ﬂr@amae’dbonfd ahtl @ hisirolyzetlel glo@y. &nd (d) Snsatiratedh bpogyanonafiersde0100 farts by
(B) the nolweight glttihecaiefandoh o e¢neri zed cycloolefin units to the pol ynerized
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[ err ] ln forrnula (1, RY, R2, R3 anme%eﬂucgilol dmééém% ?act?r'éﬁes@rﬁs %&r&d@ﬁgorﬁ,gqglggen atom

or a hydrocarbon group having 1 to 10 carbon atoms. The halogen atom is, for example, fluorine, chlorine or bromine.
The hydrocarbon group is preferably an alkyl group. Preferably the alkyl group has 1 to 5 carbon atomns. The alkyl
group may be linear or branched, and include, for example, methyl, alhyl n-propyl, iso-propyl, n-butyl, iso-butyl, sec-
butyl, t-butyl, pentyl, hexyl, heptyl, octyl, nonyl and decyl.

Examples of the halogen atom and the hydrocarbon group represented by R® and R0 are the same as those given
above. .
Examplss of the cycboleﬂn of formula {l) include

bicyclo]2,2,1]hept-2-ene,
6-methyibicyclo[2,2,1]hept-2-ene,
5,6-dimethylbicyclo[2,2, 1]hept-2-ene,
1-methylbicycief2.2,1}hept-2-ene,
6-ethylbicyclo[2.2,1]hept-2-ens,
6-n-butylbicyclo]2,2, 1}hept-2-ene,
6-i-butylbicyclof2,2, 1}hept-2-ene,
7-methylbicyclo]2,2,1}hept-2-ene,
tricyclo[4,3,0,125}-3-decens,
2-methyl-tricyclof4,3,0,125}-3decens,
S-methyliricyciof4,3,0,12.5)-3-decene,
tricyclo[4,4,0,125]-3-decene,
10-methyltricyclo[4,4,0,12.5]-3-decene.

The compounds of formula {I) may be used singly or in combination.

The compounds of formula (1) can be easily produced by condansing cyclopentadienes with the corresponding
olefins by the Disls-Alder reaction.

According to the process of this invention, the eycloolsfin of formula (1} is copeolymerized continuously with ethylene
in a hydrocarbon medium in the presence of a catalyst. The catalyst is one formed from a soluble vanadium compound
and an organocaluminum compound. In the copolymerization reaction carried out continuously, the atomic ratio of alu-
minum atoms to vanadium atoms, Al:V, is maintained at at least 2;1.

The soluble vanadium compound used in the process of this invention as a component of the catalyst is a vanadium
compound soluble in the hydrocarbon medium in the polymerization reaction system. It may include vanadium com-
pounds of formula VO{OR), X, or V(OR) Xy wherein R is a hydrocarbon group such as an aliphatic, alficyclic or aromatic
hydrocarbon group having 1 to 20 carbon atoms, preferably an aliphatic hydrocarbon group having 1 to 5 carbon atoms,
especially 1 to 3 carbon atoms, 0=a=3, 0sbs3, 2=5a+b=3, 0scs4, 0sds4, 3sc+ds4, and X is halogen such as
Ci, Br or | and adducts of these compounds with electron donors. Specific examples are VOCly, VO{OCHg)Clp, VO
(OCHg)z, VO[OCyHg) sCly 5. VO(OCH5)Cly, VO(OC,Hg)Cl VO{O-iso-CaH;)Cl,, VO(O-iso-CaHz)aCl, VO({O-iso-
CaHy) 5Cly 5 VO(O-n-CyHz)q 5Cly 5 VO(O-n-CyHy)Cla, VO(O-n-C3H7)Cl, VO(O-CsHy4)1 5Cly 5 VO{O-n-C4Hg)Clo, VO
(O'ﬂ'C4H9)ac l, VO(O'iSO‘C4H9)2Cl, VO(O‘SGC'C4H9)3. VO(OCaHs)a, VOBr. ) VCt4. VOC|2, VCI3. VBI’4, VBra. VO(O—n-
C4Hg)s, &nd VCly-20CgH,,0H.

Cornpounds having at least one Al-C bond in the molecule can be used as the organoaluminum compound used
as a catalyst component. Examples are

(i) organoaluminum compounds of formula



(D) the copolyner has an intrinsic viscosity [[err]] measured in decalin at
135[err]C, of 0.01 to 20 dl/g, (E) the copol ymer has a nol ecul ar wei ght
distribution ([err]w [err]n), neasured by gel perneation chromatography, of
not nore than 4, and (F) the copolyner has a crystallinity, neasured by
X-ray diffractonetry, of 0 to 10% THe-~-present invention al so provides
a process for producr ng a random copmaxm“)a.sx defi ned above whi ch process
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nore: 1. The present invention additionglly provides.a process for
preparing a nodified random copol yner, M process conprises grafting on
t o a random wepoMyisbi Na @k, ad@ﬂ‘Fiaedda&bo#@ve 0.1 to 50 parts by weight of a
nmononer sel ected from (a) al pha, beta-unsaturated carboxylic acids

and/ ort hei r %‘@PR‘%&&‘“%P&““'("B‘)‘""EWP%W@@ arq PP &Y | | con conmpounds havi ng
an olefinically unsaturated bond anohmrimnéﬁ)ol yzabl e group, . and (d)
unsaturate noner arts random

copol ymer . om;e‘fra? nd areas angdﬁa\?%vln dnpls referFtr?y/ num![;egee ent m}/ﬁéggagrt i ci es

pr epar ed from a ran om copolyrrer as defr ned above or from a nodified random
copol ynmer prepared by a process as defimfEemabove. The present invention
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as defined above. In fornmula (1), Rlerr], R3 and R err] are
identical or different, and each repr esé\ﬁ{’g a hydrogen atom a hal ogen atom
or a hydr cteribBilisgs dalimed Bzové ang mis praferab@ aoembsOppresertadby 25, andl ogen atom i s,

for exanple@mropndgelid™a  chl ori ne or brom ne. The hydrocarbon group is
preferably an al kyl group. Preferablys,t@g“‘ kayl group has 1 to 5 carbon

atonms. The al k u a r ncI ude f or exanp
met hyl 1 Et“ﬁg/ . X::L;eég o ﬁ srgari/ §§n% SE% lroge inunL § §§ y’lal IB %;m};ln;l?;m
t-butyl, REH N trib! %PISM um mrnu des dre ncr? xrde and dr

the hal ogea.datammramnrJaaqu.brydiaac‘sarhQoahwérmmrsegan.m £ i) allFhiln] sese@ibéloddb e I |
are the saamalpsikdi/kisakg BMAiRura BAAE the average E6R Rl (oha,, §yéﬁ|atly0|ble§eh€ﬂedﬁikyt
formul a (laumintred, tadezampls dialky!aiuoipah igfidds Such as]drwpltaruamomeuonde, dibutyl aluminum chloride and

6- et hy| b|d@y\¢l|a@[1@m20 rdq l.a@mewesesquhahdes such as sthyl aluminum sesquichloride, butyl aluminum ses-

5, 6-di rret plﬁn lquunti ?‘F rogrdéﬁ@alkylalummupdnhalrdessuchas ethylalumrnumdrch!onde propyl

_ drbromrde p alu-
6mEt By t vl lnum’%} ride; lu rnu hydride and lb ylal m ;de d’ mhch
n-buty Qf& rét: umdrhydrrde andvaglx lﬁ g | é m?
7-neth [ b chi d@@ﬂg:lummum gu{oh’é &r u ot %ﬁzﬂﬁle

2- et hyl - tArs b&r}fzﬁ n s4ml§'t ) o Bkdalbthinupr GRABRRB having at least iwo alumrnums bonded through an oxygen
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and (CoMg) AINA{CoH;)o.

Examples of the compounds (i) are LIAI(C,Hg), and LIAICHg),.

Among these, the alkyl aluminum halides, alkyl aluminum dihalides and mixtures of these are especially preferred.

The copolymarization reaction in accordance with the process of this invention is carried out in a hydrocarbon
medium, Examples of the solvant include aliphatic hydrocarbons having 5 to 15 carbon atoms such as pentane, hexane,
heptane, octane and kerosene; alicyclic hydrocarbons having 5 to 15 carbon atoms such as cyclopentane, cyclohexane
and methylcyciochexane, and aromatic hydrocarbons having 6 to 15 carben atoms such as benzene, toluene and xylene.
These solvents may be used singly or in combination,

In the process of this invention, the copolymerization reaction is carried out continuously, During the reaction, the

ratio of aluminurn atoms to vanadium atoms, Al/V, is rnaintained at 2 or mora:1, preierably 210 50:1, especially preferably
3to 20:1.

The soluble vanadium compound and the organoaluminum compound are fed to the reactron systern usually after
dilution with the hydrecarbon medium. The concentration of the vanadium compound {o be fed to the polymerization
reaction system is usually not more than 10 times, preferably 7 to 1 times, more preferably & to 1 times, that in the
polymerization reaction system. On the other hand, the organoalurminum compound may be fed to the polymerization
system after its concentration is adjusted to not more than 50 times that in the polymerization system. In the process
of this invention, the concentration of the soluble vanadium compound in the copolymerization reaction system is
usually 0.01 to 5 gram-atoms/liter, preferably 0.05 to 3 gram-atoms/liter, as vanadium atoms. In the process of this



tricyclo[4,4,0,1[err]]-3-decene,

10-nmethyl tri cycl o[4,4,0,1[err]]-3-decene. The conpounds of fornula
(1Y may be used singly or in conbination. The conpounds of forrmula (I)
can be easily produced by condensi ng cycl opentadi enes with the

correspondi ng olefins by the D els-A derb reacti on. According to the
process of ihahtBn foNp&Idirg@d, cydidd@finCiHabrd EdpSifel) the topblgidistich réaktjon imy BaOqa0kd 6 initiee d
cont i nuous| eppredetde o lalgdireiendr i tha pbiyhebriatGa idagion sy@ehi inl addition 1 thesojpble v #rien cohpoand
cat al yst. Tinetheesanpajuginun epmpgved fscatzipstingfedients. Exampiésghesiedteon pd¢rinpiudegiygetradainingd
an or ganoal YRR GPROESYED eAAseNols| merphéeterape'ri apwep. cor R lieaeids arere of Hﬁa"E"aﬁ"\"f @dw@mc
cont i nuousl%ﬁs f'ﬁ%’s 3?"'1')???"{?5 i dﬂfﬁ‘ec "°"Yﬁ"?ﬁ‘&"’r'r?’}9 fypaen£95120ia ?ff' 7

l IS at s carried ou us rab

i's maintain §IQB§ a""]150“0 Theat:j;ga eresncJe bjﬂ ﬁé&c e’é}l} gnrl[p Maﬁ ft %é(é:

the process pefmsiu Hbrzitbn ASort: Qgﬁ ShElins 8 tne o

conpound sqb.walaﬁna nsusutae.sby. LESE AR, biy HO rh.mnasm Ha@é el.e,mtamam@e@swéan
system |t jpaadh rbdatich i a;auymdnaummycnpcum @broftran 0isl2a kg BRp4ired,  JsXgmddiolt OF
V(OR) [ er r] X e prysenwi etiaingit gt shich adnitogehioom gon. Tocdnig e nplesulet Reighto! tecopdhimphanslasylar

al i cycl i ¢ oweightconvaifiigegentpebh exhdrbgsn mgyrbe appsehidnvierggction syslerd Fhapalyhrsipation reastion mixture
preferably aief “ﬁlwvhaff%'%?@PG@aPW"gﬁrwnB°“YP&\PP?\§‘°‘E°"E1995“ theffeBjig cysipelpfis random

@

eeposid [@L e a SRSt o ik TS R B e Fer g
such as d invi nﬂa'nﬂe cog rrtew ﬁlthce@l?ﬁg %de%;m)% tam)th@ ﬁngrr}e&i@»%fraied
Speci fic enaa.m%@ amraman %ws not . (bl bilineGevbrRbd, for exiileli ekt b1)sb B6IES,

VQ( OC er r] Hir@srdoly)4b evoled, {eEBrF the e%éﬂtﬁuﬁ fhb H[paj?rﬁe} n&y t[e&&;fo]ymenzed in addition to these two
VQ( OC er r ] Hsentia) gompsnertdCBpecilid(dixéohpiles of the atier dobiiyererizhtiéCingavradd, monomer mclude alpha-olefins
VQ( O i so- (] haying 3p rcapgn[ateme $uCh as pregYidDe. |1wone(3[-reqlhv%1l-ﬁ[eetme] 1)'{@1';8!'? P@Ftt pcens, 1-do-
Vq O n- C[ erquqlf et c)e eag, i]e@d GRS g;ex 1eq|c|e angth e used in an amount
VO( O n- C[ er psr he~pt gn 'ul[lc IN ymer and cycloolefins such as cy-
VCX O n- C[ er []‘ ) i:ga ethy (;"ﬁ 4{ 16t methanc-1H-indene non-con-
Vq Oiso- C[t Q&aJ g:e %15 i he ne ?@ Q 11 EI! 1':'3—octad|e;e5dncy¢:open
n rbotn = ' n orborneng- methylnor-
VQ( O er r] Hobrel2) Mﬁyrn&rbom (i b o Ino r@rar but fdebarahd-d, 5- lelQI’lcgr&H'eae-z YELihek-r ] |
VBrerr], \do®bhene é:[seﬁus@rk{baﬁdn]a)z[aam@nofbaﬁuae ¥/ Ghd s-dichtokEoéne 2H[ er r ] OH.
Conpounds havihegepalymdristimireactioin Adcor@niEounicthis invebtioecanid ag@ntbgosiprarisgoutiysohtiadusiyhe
or ganoal uriferaing elyiepo tinerclepibn asioptignafitthedtheeropayDersaiirermpondies mpterals ke @olymerized, | )
or gano al umi lpﬂmlplz!@ iy gampeynd pRstorggpogluminum compound as catalyst components, and the hydrocarbon me-
Rl err]Al( f”gr E{ Fg‘e? HRSEpd 1°n“nuws'wm@?f@'r'w "re[PEY P ZR4edeaRoR Frijuredio the po-
i denti cal .@c tg)oogfz?‘ ougc%ﬁézsigf%l S er%m aan d‘{°§ﬁ; r&%ﬂﬁ 2HEW ng}é/cblgr%e htt 0
ol r

15 carbon d,st,,b@,g arbon a 0 esents a halogen
atom such fre resdRing &bolﬁmrsa”htbﬁcoﬂu ﬁﬁd&»ﬁ%rﬁﬁ@ﬁﬁyﬁ@nmhm m&yongg[sﬁﬁwrs]am{(@dhérl)oﬁ t
is a nu nbermeaerp @Riond @e rddyordopdivirbl TR cbcantration biheRaridbH Bpblyniceip trRS&nitirgttogdlmer

O[ err]t[ er rspiBtjon &nually 3.Gsto 20.0% hiwgaight; prpleably 2.0 to 18.6% bedeighy COitasting }rg[resuififgIppolymer
provi ded t (ralptiopwithiajetqaedr.alcohol givgsi a)Pre@mpl oblize lall\q@y F@P'Efdﬁf donpesipints's eAparpted By|suchof

Group | of [ﬁ?ﬁl ea;@@f @rapo& l?f "@“‘HP&??&'F e . lymner of this mventlo;\ Thehpropomon
I\/[err]AI R[ep hto heres | ryiorsol lanE ﬁ\%scgf éto EHIH %;g §$ eég‘dgﬁfqued
above. oﬁesmaﬁy.eﬁ ittt washiefeitich ke@;;eeansgém%%ﬂ% el
forml a amples of the alcohols are aloohols havmg 1 to 4 carbon atoms such as methanol ethanol, propanol, isopropanol,

Rl err] Al ( Ofu@dd, kgclbetero] andibRb6tindl. Te@kbtodes aitiotitls ay donfih @ sAal aflGdnt dladieninR\ee @ad m
I S pref er alwigureof the kddap orraggobste pdualll 01 yo 10% by edighl, prpterair] Bp 5% bmEiphtne svatefis fulablyu| a
sincs it gives a copolymer powder having low contents of the unreacted cycloolefin monomer and a low-molecular-
weight polymer and high bulk density. Contacting of the resulting copolymar solution with the ketone or alcohol is
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perature near the boiling point of the ketone or alcohol. This is effected by using a vessel-typs mixer having agilating
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As a result of the after-treatment described above, the random copolymer is precipitated usually in powder form
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by such a separating means as centii{ugation or fiitration. The separated copolyrmer is turther extracted with a ketone
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polymer, a narrow molecular weight distribution, & narrow composition distribution, and a high glass transition temper-
ature. The proportion of the ketone used in the extraction is such that the concentration of the copolymer in the ketone
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resulting co ’Ei‘r“y'ﬁfe‘?‘ tng fipre inpliésta inprganis o eigapi fibpougfiliers supaslasyfiperquaiiveriar alumjpustooater| y
2.0 to 10. svﬁéﬁ'“&f’ﬁs“e'&ﬁ %{'t‘f?"?”ﬁtj'b‘t'ﬁ8°'?5§%ﬁ"i’?ﬁ§beﬁoﬁ&°§/%éfﬁ el Feyp®fbar a
ketone or al cohol gives a precipitate of the random copol yner. The
precipitate is separated by such separating neans as filtration or
centrifugal separation to give the random copol yner of this invention. The
proportion of the ketone or alcohol used is usually 200 to 1,000 parts by
wei ght, preferably 300 to 500 parts by weight, per 100 parts by wei ght of
the resulting copolynmer solution. Exanples of the ketones are those having
3 to 7 carbon atonms such as acetone, nethyl ethyl ketone, diethyl ketone,
met hyI |sobutyl ketone di propyl ketone and acetyl acetone Ex- anpl es of
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carried out with stirring at a tenperature of usually 0 to 100[err]C,
preferably 10 to 70[err]C, especially preferably at a tem perature near
t'he boiling point of the ketone or alcohol. This is effected by using a
vessel -type m xer having agitating vaneg such as turbine bl ades and conb
bl ades. The rotating speed of the bladesS is usually 200 to 2,000 rpm
pr ef er abl yan@@Pertigh sidstibfifethyina fivers; andi®rganidobsgahit pawrfient drutadot flaky-itefsaach RP#i¢, calcium
descri bed cakenate, maghesium hydchgida, catsjymloyidee magnesiupregizispgrapbite anibkel seralbr sjiver rewpas\teRper
form to fcendencasieaplach giversoatsphiassserdpairmitugreotesisiagabpecn gluminum figkop slaipiags pteq! akes
separ at ed af‘ﬁ%"ﬂ"'tcPPé“d@@ g rrer and the nmot her | i uor b such ﬁﬁeqparatrng
so er

nmeans as C e% %f’f‘ B4, B%ﬁ’é‘ ?"é‘f E‘ﬁ g reeiipRc
ven] resis dre i calp

[+ emr Iresr nee irow and unif, rmm
Fain S&écﬁa
P e&)ﬁ‘i‘ rEQ r@dichdlzgf:ge E:u gﬁ; srzé@

extracted U\Mfa ’h?d S t da(?rar u?ido
the unreagjdy ek&a%li]&m?{sc&@

nar r ow nol aaﬁduh@rs chEb ) watbrlpPoing Bgbhts RPeardBoaftd rsl’oﬂ\féléﬂr@%@&rtsﬁdr Orbmidi SehtilidoRUHohtQB-
and a hi ghuglaes bide RN terdnns, phiRd@Rdense] dbbtte inslitihg PAIGAB fdk életlic Gifes bldi@atkes | 206
used i n t He decsteratirginéutonsi fiverdinishing ik vatérinpelle s etvilding iriEiesalsofrotecking agansddr goatings N
t he ket onepclishing agents, thixetropy imparting agents, core hardening agents for pencils and crayons, carbon ink substrates,
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bl ades and wesilhelkbagass ofW&vér@&r&fawerﬁrasdmadmﬁ)fem&sbua:rda(rrgdasu A0 Ct PéySar beded S

usual I'y 50n 4 fipiddGiBing thewshgpe éranadd yis d Wiaatinaoddlngnansial or Blude.tSpenificalie tiel carelth ub@ir

cont act i nges iontsiias iragulagly-shanedpigs.aminating agente fopthe bleyor Ghd exterir prtsLef ipes B zqgp (clepingf
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t he ket one. The vvashr ng conditions may be t he sarre as the ketone contacting

treat ment co@glPdyimens Beridka%i6rh haRehrdkiMéAng 1 or-2 unsatdril&@ beawdom copol ymer of this

i nvent i on obt aPelwiiine\suthtae paistbyans pblpedpyline galyisabotlend palgmktyidvmss- 8, polu(k-Fnettdmasd t y

of 0.05 to @ned) ppirleteas-tirlolis@rehe, paiyb@adihe angpelyslysnepersipsdinkedpipriddiscthertol. t he ti me

of nol di ng. FuFeAelpepef the mefoeis cenplitutingipr P’YFEFFS Vt"h pagh otheq e eliyleRIoRYiens

contents of R :}gh?’%’é’g@ﬂ“’ ER?B’I" "I’"IVl H?HH‘B'P"Q yrger SH(RPW}L"'% fgﬁpolym bit

p0| yrrer Opté% 2Pn3’ om na dnd yégq ﬂ-!p% gﬁﬁ ;ﬁm d
npl e use r &

fromit perngd ,eng XA

flection. Blerkl tgenedtp ﬁneweaere&k crweéasameseg;uyre%@ biRduiQRBacopol yner in

whi ch t he nDfegHalcgéncontaringiayi yoweieiszed cycl ool efin of fornmula (I) units to

pol yrmeri zed et Pohivieyienlaries, bcyvinylidehe adianicB; fiyvirythieorioé) peh@hlorgprend.@ndblognated wvhes0: 90 t o0

60: 40, nore G Rdfyemprapdriyedfirpry piphBeta- w@@ﬂf@@ﬂ@@m@@ acids or the deffiyatives taereRbm copol yrrer of

this inventi onpﬂegv'ew?wr‘rmareewryawt? T(%"’e rreasured in decalin at
r a%

135[ err] C, of BoPOYMYPf hgmongmery congliutigadhe or °°”°'ym°"ﬁ?@ %ndom
caporyrer” of 198 4 BN, oSty B L
werrin), negsdy erd e urraﬁrmf,w; anﬁras gsw&eﬁern@hnareo( @%Gam.s of not nore

than 4, pref er adiiiyl &kdhol, BEvRy bJ3RIS, painyl SRETRE Goipn) YenkdaRf SRR riale RS fpohiRfi Butfrd)an
3. The randeleigepeHaysd pdytlyinabsind Nnvention is characterized in that this

nol ecul ar wei g&trolhesstof fhpmeriomers ¢cgstitvtinortiesbovd-Bemplifiegigpigmers With bther lqepolyrpanizhbigymon-
copol yner ofmﬁrﬁmaﬁ?“?ﬂﬂ‘%’c’%ﬁ%‘ewﬁw content of a | ow nol ecul ar - wei ght

pol ymer. Acd r of this invention is

mol ded into g %’E‘ SP’" ﬁﬁ?de"rp'?’"BT'd%ﬁ??h’%'sggp'%%gecal menory di sc or optical
fibers, the oprsa.,e@ erﬁwek@u.ﬁkye agneg,ﬁ@,slryawr%ﬁa c%rrgrarm SroxbedW surface tack,
or good nechajpdplenythom@et | €s and 1's suitable for optical applications.
The random qep®idameiateof this invention has acrystallinity, nmeasured by |
X-ray diffraopPaysgoney, of O to 10% preferably O to 8% especially

pref erably O)tPelyurehaneineurearesnst age of the copol yner having a crystallinity
of 10% or bdfGRYsmides pnsicorolymides ?%“°P§°W"&€daﬁdﬁF6b°aﬂ°§ﬂS’PF [ amigeasorvig acg®h as
an optical MEFBFSPOTEEBI® optical fibers, noise of the optical material
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caused by, for exanple, reaction or diffused reflection is reduced.

The random copol yner of this invention preferably has a glass transition
t‘enperature (Tg) of 10 to 130C, nore preferably 20 to 100[err]C. The
random copol yners of thi-s invention are rml ded by known net hods. For
exanpl e, they can be extrusion- ol dedl0imjection-nol ded, bl ow nol ded, or
rotationall Y"?ﬁ'@lft!l?@ie%w'%ﬂ PRY nylenoi2. exarrpl e, a vent-type extruder, a twin-
screw ext r ubbfoyamids %;Z{T t W n-screw extruder, a Cokneader IBE{}Pstlcator

m xtruder, d) %ﬁe’& gL SeeRtifcadts At aoohols e RV R PPV E AP RS REEPTERRIETS o
gear-type exth 1 nown
additives s Ei%’:’% te@%ﬁ?&fa‘a‘j fﬂgﬁﬁiﬁ%ﬁ%ﬁl Qedm%}}é@yg%ﬁgéét}%‘? ’?@a'aaléen ts,
slip agents, amnbdwdmdehyal reif] @RE/ormaliBiybid 18eEand B8Evhifelornbltbhjd6 ABK.S, 1 norgani c
and organic (cﬁ)lAIk;bdessmg dyes and pignents nay be used as requir ed

Phenol i c or s@yrainpiithafiracdrmsinoxi dants may be cited as exanpl es of such

addi tives. ThHEnsglEis pavestermsingserivhd frem coppivebtersiel saljrejpd ang unsgirated dishrbepsc scidsgech as
2,6-di-tert _pﬂnhﬂz‘: aligbql’sruggqﬂmyl cg@p@tgspgﬁs crosslmklngagants and halogen-containing modified resins thergof.

(3 3, - di et KN 'aW'HP%&ybenzyl Ythioqgl ycol ate, stearyl

bet 4- hyd
365ad|( te%/&:a ﬁ&%s %Sféza (;%g(e‘nbge}lgé% tggﬁ%geo 8.&:}9&' glmggaeac?tgé %&ﬁé‘sr )éloptonate celiulose

(3,5 -di-t @i rs‘oh)ﬁdfn%t\bhQ@Ziyédfabéyﬂhen&wa?teslsmgyrrhaﬁll Bfise, Kb nhle® RinWhrious
(4- hydr OthnoEnWﬁbd’lW 5-tert-butyl benzyl ) nal onat e,
2, 2" - met hy| ehederder doppiptanyd ths-invatidn-nay baplsgize A bibad with each other.

4, 4" - net hy| eheratsion G@olﬂveoj pl-thisdpventipn may| ngdrfedl By orafticty Reretgprndngriee spiepipdsifof-the group
( 1- met h | (9 iBtigs ef |a)o ?t@gr@qat ated carboxylic acids and/or their derivatives, (b) styrenes, (¢) organic silicon
|

C T ol ln | up.a at ds. The
bi sf sbgt 3; i %ﬂ% el 51{"“ %‘EE’%%W R e Y £ i s
ial e i atnbmty with other resins. The amount of
1 1,3-tr | %;é%u Mfteterably 0.5 10 35% by weight,
bi s[ 2-t er tperbl %ﬁtf&"h\e nc(o%‘c Iymer of the invention. The moduﬁed random copolymer usually has an
dr oxy- 3- t artdnsibwitedshy [H-ofodatiy/dolar) Zrstbrpd0o08Yd g dvg. er epht hal at e,

1, 3, 5-tri s( ZxémpHs ot drajting Beriopetiaexy- 4-t ert - but yl ) benzyl i socya- nurate,
1,3,5-tris( ?@nnhsnttvrmsabm |cawymww@mgwa)n@s () i6eluge ynamurdteglichrbaryic priss such
t etraki s[ i@ rgic ael pipr-ta,@pwl id. maleic acid, fumaric acid, taconic acid, citreconic acid, tet-
4- hydr Oxy ?&% ld ndocis-bxcyciolz 2.1}-hept-5-ene-2,3-dicarboxylic acid (Nadic ac-
~Be id®), and their halides,
1 33 55 t f, |r ' S tm?s ﬁgw I§§ s wa%dvggy?mlﬂd Lh%lbﬁ mxde. maleiuc

6t

dlcarboxyltc
Isocyanur aJcras or&aaoﬁtwhaemropréfa&udxa(efézhwbawm&u%nwhy A mb@ Xy-1

, 3, 5-tri azi nexaamdd oftheetyrdnbsb)iafe(cbmgdotiidb rebradebtbc Y the foBwing Jorntuiad poI yhydru c
phenql/carbonic acid oligoesters such as carbonic acid oligoesters (for

exanpl e, having a degree of poly@ﬁm zationg2¥ 2,3,4, 5, 6,7, 8, 9, 10) of
4,4' -pbutylidene-bis(2-tert- butyl™- phenol) Exanples of the

sul fur-type antioxidant include qLak(yl pepepi onates such as dilauryl,
di myristyl or. distearyl thiodipropionate, ters (such as
pentaerythritol tetral aurylthiopropionate) ™orned between

al kyl t hi opkHRin P, B2 3fd KES eaehl febresdfit dyéin¥den ator GitaYibwer alltyPididul.|SpeciE examples are styrene,

st ear yl t hi oypa-ophyxyrets, adietly@yighe, ponythysgrend; p-areiyens r-SiyBlre@Sp-ghyisgend b-jsopro-

t ri met hyl ofyisytiarenm-isonrepyistrerieghdr-igppopistyeene. Btthdse alyrplahmimethyistymane andipsnethylehrang pret hy |
cor porat edEhient PR R St Ao Bl o Gy SR TR g o S A oS P

i ncor porate

tridecyl ﬁmgﬁggﬁgkmﬂwglﬁ f°ﬁmﬁ&?éﬁﬁos hate, tris(2,4-di-tert-butyl phenyl)
phosphite, triphenyl phosphite, tris R®R¥siv'y? (but oxyet hyl ) phosphite,
tri s( nonyl prRRYRand OSBRI or diemht@Ad déth rdpRIBINR S MibtoMidn ddup SbnpJaePdalbA hydrogen

t et r a- (tri shaeyfibiatyloxyberdantl hdving &ribieifidaliuneaturated bdnd, bk YW landlv2la dheaay prlamayrt ddawidane
di phosphi t epresems 7 yfr&j2able gro-@[@mwopndarbbtledollaﬁidgydanﬂ 4' -i sopropyl i denedi phenyl
di - phosphite, 1 23

tetra(tridecyl but I|den
di phOSphI t%bup ich %31 %f%lowa
tris(nono- n1xe non [
di phenol pol yphos- phlte

bi s(octyl phenyl). bi s[4, 4" -butylidenebis(3-nethyl-6-tert-butyl phenol)].
1, 6- hexanedi ol di phosphite, phenyl-4,4'-

i sopropyl i denedi phenol - pentaerythritol diphosphite,

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

tris[4,4" -isopropylidenebis(2-tert-butyl phenol)] phosphite, phe-

nyl di i sodecyl phosphite, di(nonyl phenyl)pentaerythritol diphosphite,
tris(1,3-d| stearoyloxylsopropyl) phosphlte 4,4 -

y I T Y I T L

L

S'r §n§ﬁ ?{98 n&?yand 51&%%§%Jn}yﬁﬁge§rggw 8 hydrolyzable

phosphi te, hydrogenated 4, 4-i sopropylidene



10- oxi de, and tetrakis(2,4-di-tert-butyl phenyl)-4,4'-biphenyl ene

di phosphoni te. There can al so be used 6-hydroxycounarone derivatives
such as al pha-, beta-, ganma- and del ta-tocopherols and m xtures thereof, a
2, 5-di met hyl -substitution product, 2,5,8-trimnmethyl-substituted product or
2,5 7, 8-tetranethy|- substituted produect1pf

2-(4 nethyl pent - 3- eny) - 6- hydr oxycoumagpne, ,
2,2, 7-trimethyl -5-tert- butyI 6- hydroxﬁkdﬁﬁbY- one,
2,2,5-tri myb Fiz’]Y'tag 1meq;a 6& gmmn@w@mcgroup1reefromanoleflmc unsaturated bond.
2,2,5-tr | ans re \Gn_y jﬁ cg;&;:g:n% n(ylHCHz_C(C:a) COOO(CHy)a-,

1 raca
2, 2-di met h oups 1 | aloet‘ mgq unag nd :ﬁ}g estars tr]ere f*aﬂ re%arfg %b %%123.5 eg:pef-o
i ncor por at ¥ FI ?

Merr]Al[ er r Law Haea \Es%reako@&kﬁs gqust(eﬁsxs; hmox%mtapsreaem@am achitky Bloup€
A is an anser a@kh@bxyl dtabiy Andyreicady, | oximB grdlips sich ay -BN2O(CH,)A FEN=BASHCLAL&nd LUKRET S,
and a repr gzedy andeubaiituted apPieS griupy andiatyEmied groubXstHds gHCH, -NHTgH@ogagels of t he
above f or nul &xampigs of X in the gobyedarmyigihdude me]tt(yn]ﬂ)l){l @ropyl. Glhdeeyt, petddeny ghiefivk benkyDand tolyl

My[ err] Al [ Efthgee. @ﬂui\'@?ﬂt yeregaebpn f°L[PE?f %{@# r]
n are those of the second formula given above, pantic-
f tf 1 r ially preferred are vinyltrialkoxysilanes such as
i '?hh’ %%¥ Sl j" H[\ylt n]e xyetEj quéﬂane vinyimethyldiethoxysilane and vinyliphe-
et&ﬂngf{oﬁerS 'ﬁ:ﬁgﬁ BrrelLtley monomers having at isast one polymerizable unsaturated
Zn[err] dAribbsBério ) @buplperthdietlid. Examples include unsaturated glycidy! esters represented by the
Zn[ err] Al [ endwng grphiesmniiSC] err] 4H err] O

My[err]Al[err](OH)[err]Sderr] 4H err] O, and :
My[err]Al[err](OH)[err]Cderr] 3 KW]C) ,}l\There may al so be added an

:
866l ki

anti oxi dant havi ng a 2- benzofur -OkClg t-OD—-@.‘Th as

3- phenyl - 2- nd 3 of uranone as

di scl osed bpe E%‘gd iﬁeﬁasen (7] ﬁrbon rg J%é\%g‘érgﬂ%q%énl zabl?jeth&)ax:can)ﬂnfa?urﬁ d.h B i ca- tion
No. 501, 181 e 11ght stabilizers include

hydr oxybenzophenones such as 2 hydr oxy- 4- met jilyxybenzophenone,

2- hydr oxy- 4-'n- oct oxybenzophenone, p25 23 -k 4- met hoxybenzophenone and

2, 4- di hydr oxybenzophenone; ben- zotri azol®s such<“as

2-(2' - hydr W@”fﬁéﬂrqeﬁwbywe@dzm@temlspwwt groug ofdhelfesnedE€Hedtor | azol e,
2-(2' -hydroxy-3',5-di-tert-butyl- phenylh 5-chl orobenzotri azol e,

2-(2' - hydroxy-5'-net hyl phenyl ) benzotri &= and

2-(2' - hydr gy %m@nesgkmgeﬁg% QFA" Jgﬁor Jw!l)benzotriazol es benzoates such as
phenyl sallcyr ert-buty eny salicyl ate,

2,4-di-tert- butylphenyl 3, 5- dl-tert- bu 6- 4- hydr oxybenzoat e and
hexadecyl 3,5-di-tert-butyl -4-hydrox oate ni ckel conpounds such as
2,2 -thiobis (4-tert-octyl phenol) mR:

[2 2' -thiobis(4-tert- octylphenolate)] n- b@ ylan1ne ni ckel salt and
(3,5-di-tert-b

hme enz g g onlc aci d nonoet hyl ester
ni ckel sal ¥
et hyI be t ed:f{ﬁ m ch: ylac Ea“ 31% ccdflaté’i%m%ﬁg ’g‘g ng.logate
N - 2-ethyl ﬂ Ge6xb.1)Ne ms,@;a s uem bisycB@i 20 mam -2 Ay
N- 2- et hyl pasiaxtated mo&reﬁcfwgw:ﬁh@%bccﬁé(ﬁ] gbetdﬁﬁ-blﬁ'erdmarﬁ&xﬁae anynﬂ:chy: Bl 2atbigak e
corrpounds gyl ster, Biyefa-ghciByl Gihbe B apeyt-iyutend - i-gpotyidchetp) SatmC a8-epoxy-1-pentens,

(6-(13 16@%%%# 1am!enhyﬂ SRpexy it )hﬁmerm)mmyl@cl@anem reerpitie-CP thesegdivpipy! derylate and

(2 2 6 6- t@ﬂdﬂ é’Fef"dgFl )ml i no hexamrsxlmh ene and a condensat on e
p rp IO ([:j) g ? It d;r e gra lng n lua;; e%ia ed a BEbE‘g ru‘zyeﬁdér,%n rnalnve’l i;aidom i}o dgﬁg%asso

- HO2nd the grafti In! e hé forably
hydrocar b 0&%|e§6mth@-§re£ﬁ5 &laddidal Wm nnB% 5! @r@@co}ﬁ%eﬁ Siiediid THs radlost ikfor

wax; hi ghemayfitiub/orgait psiox@bk brodhfe peradidrd &nd afolcdmpob@u.rwrﬁmaau.aimsraﬁa Lifidvict IRRinfdy
paln1t|c agldolle usa@bGartetal r@caldl, Stearic acid, arachidic acid and behenic
aci d; netal 3imedifiagfranbanyepatymperblaipecthy thel sbosqmwedysa hig mellwmeatc%ﬂswmam showthyisn
magnesi um &g (‘J’F‘&%’i 19MPPIate pRichdf one MessusiRhReaLresisls JSP?q'f'EEEiY ﬁ‘w‘ 6‘1"63 copolymer

| i phat uspaly, [3H{® Prasusgdoy R Qynam|
o ehparte 'r‘a"gsaas%ﬁ3§ S e el o ?w aiiag %F

am de, Iaurlc am de, nyristic amde, palmtic am de and stearic am de;
esters forned between fatty acids and al cohols; and fluorine conpounds such
as fluoroal kyl carboxylic acids nmetal salts thereof, and netal salts of

fl uor oal kyl sul foni ¢ aci ds. Exanples of the fillers include inorganic or
organic fibrous fillers such as glass fibers, silver- or alum num coated

gl ass fibers, stainless steel fibers, alum numfibers, potassiumtitanate
fibers, carbon fibers, whiskers, Kevlar[err] fibers



and superhigh elastic polyethylene fibers; and inorganic or organic
powdery, granular or flaky fillers such as talc, calcium carbonate,
rragnesi um hydr oxi de, cal ci um oxi de, magnesi um sul fate, graphite, nickel
powder, silver powder, copper powder, carbon black, silver-coated gl ass
beads, al um num coat ed gl ass beads, at d&i hum f1 akes, stai nl ess steel flakes
and ni ckel menygasesfo rzeppwme@gﬂeningtemweatwmwwg preipre al yhich afuaZ PeRgia (Hameler
have excel $-835m™ F%g@?&?-bﬁ'@ﬁ? theccapolyRs &ndgtaiend &t 49 g "@Q‘i"'f’fﬂ‘?’;}" %?ﬁ?‘?@b’f rate of
5 a de Nemo &)

: M ! uct of £, I ).
chem cal rﬁg%r%ﬁfed’c %pwaual;ﬂésgggf' .@(gtgr?ninggt%khgﬁgrld 1 ASTRBEEds! & 8 9548 420 grome,
mechani cal , RLAREILS &0 1.1 Jbgh! OW and "unrtor mrnolec-uar weight

di stributi ONwngdlkk Ehadidobdiecbhifls MhtloiE SbesiRkEa M shifuRRorgln® bérdxidted dr B kctinic light such
Accor di ngl ys eidetinDGant 3VredkBictRe fa@iisTodt @Rkthrds, cNdmic@idsisiiice, sBlyent tagddnce aneixoedhardial
ar e usef ul progmriesdanlbedsiherinippv@gnat i ng agents for natches, paper finishing
agents, si ze3he maperies wittdayriogleti gandomgbrolemers avainestin s ipnafitiom wererrapired ifaggordance with
car dboar dsthe llawing methadasi ng agents for chenmical fertilizers, heat ac-
curul ators, bi nde or ceram cs, paper condensers, electric insulating

s f
mat eri al s for“)g&‘l%&'ﬁ’f"ﬁ"p “'P'é@”@“ﬁ’d.capl €550 A9ENLS O seles el BF Ak s
. L. . he basis of 1 cloolelin unit fortent of the ra olymar deterin J?"Nng(ﬁth{)%ﬂ '
fiber finishigg s, } %:bats&é‘[‘nﬁ 3 R ccHlt b 4 rid GebHE £ pedk S e D6 he O
agents for CQadh ey nhil ddfd litrared spbotQkdpP Pive pedkihibHt biHE aBdBiinBand GOk

har deni ng ag@ithsd doiptigh@pecinintor MEEndGmh aopEiter is MddedistNant this cyBlodib Gnil bagnt is calculated.

el ect r ophot oghagiylste uhiomaES of thelibtionC@pdlymedschictlBéddg subhagtirgge rycolbfpuniaobteni iy of
synt heti c regieregtireynssi n col ori ng agents, hot- nelt adhesives, and | ubricant
greases. Thod$3mraskdvisepsity i gh nol ecul ar wei ght can be used in an optical
field as opt i(scidﬂeaftﬁﬂ;;éi‘éngt?c%g{giad{ﬁ‘l’e'%‘i'eé’ﬁ%"?‘etfipti cal fibers and wi ndowpanes, in
an el ect .“ cal ]Gr\fdaeéﬁs @ed ;% a namlcdgerétf'\ganéaq af Qerr {?ﬂAerr%[dr a'(taJ dl] goﬁrﬁ Ner%rst&%og.f

el ectronic oysgﬁlstahﬁxyse oards tor IdUI cfys? |~ di splay, base boards for
printed circui'tpRamded sy x-BY dhacloh@iguency circuit boards and transparent

el ectrical | y (ongucbmpeengamet s or filns, in medical and chem cal fields as
syringes, pi pet4esgvanhaigewss Madsughuges the edicliiongot IO tovamd idas. fi el ds as

housi ngs of ri®&suemt ohthe inneatted pyeiotel, and hel net s. When t he copol yners of
this invention Tageymar wes gisssivaciimeyeoheraom anddhprepunt ¢ the uirgagipd sYEIPRfip WRsORSasuer BY,
can be used % ’°F‘F‘%‘i’adh"uti{)i,zi ng their shape nenory, and as a vibration

control | i ng r@ P?u L::egpt: o istribofion (NTW, i flsl (e:grlmlmx i §1 %wn% npeq |ng§c%gal@§whmerﬂks
iy Al ke e

for irregul arcL&ﬁFe’%Eé%ﬁB@ t PagBE 114 ot Gn AbmOtbgraphy? by Takbich!, Pbfishéd¥h MaFSb, 1676

exterior partyvelzeRthe%., ddgh. r ods, clanping pins for optical fiber
connectors, plaster casts, containers, autonobile bunpers, various space

el i mi nati ng nBVengsahdaid paitstyread df pkmovaomisculal-Wighymeneitiegersad iyayrers aupreduct ah Byt Seed ng
material s i n MihEoflat.denet). toe halasiiaraight Mict the relyshaena Sampigrandits &PRrigebiremeption ghigma-
tubes for us g&z&g&g&z&%‘;‘ gﬁﬁ’: ;‘/‘;:;?%2 @qe ﬁ“‘%"?‘isfﬁ I‘ﬁ"gﬁﬁﬁ*%?’ felufign vplyqpeyis drawn.

i nvention ma _ ' ol ) f
such known poP TP} Ehmaogn e Pl E&F%‘Oéb‘g"r%aﬁ“Eﬁﬁﬁf‘ﬁyﬁ“g‘“%gﬁé%ﬁa&é\?i g
1 or 2 unsat tﬁ'f"%ﬁ%“’%‘rﬁﬂé“&?‘) and the wqight ayespaa mpiprylar weight (MwrsTias) %?/Secflﬁ'icﬁ'eé’ G SoPoymer

pol ypr opy!| enedy (heey; ase e vaje deMn)isslelstrined. hy | but ene- 1), pol y(4- net hyl pen-
tene-1), poly(butene-1), polyisoprene, polybutadi ene and pol ystyrene, or
crosslinked PPROTTER & Peraesd ester the following condgiprls N Fipgoaditighs 87 (GEC A8 AR FHBYTEPSIow
constituti ag atr_gigno 9.9"% 'EOl ynmers with each other, such as ethyl ene/propyl ene

copol yner, ene-1 copol yner, propylene/isobutyl ene copol yner,

styrene/ i sobyyhdaRmpidtUReH iMEBErenmbybriask togetheP iR b BikHicRM br2EH3 s BB Hoyidg0.02% solution.
terpol ymers ) ifis thydaeiRyer IHsREMEIRAAhAApISIE BI¥650. BLIWeRR, taSX a6lihe Bymer solution, of

bi cycl opent acisaten.-buty-p-aiash &z-28 bdtiydosrdene- 2- nor bonmene, and terpol yners of

et hyl ene, but(® s Ebermaydr id haatve & 1401C.lanclss domonsa@ieatirad foddbey 8 raiyeas Lo dissolvethy @plvmee
and 5-et hyl i dediée Pliardabor ne. o Bl ends, grafted polynmers, and bl ock
copol yners of‘d)f‘fﬁ@@‘s@(ﬂ:%%@r'%“%??" i§ fillegsd pya 10 Milliggpre e B)  Ha| ogen- cont ai ni ng
vi nyl ~ pol ymer@ The filratels susgied 19 9 DY e SP PR ®¥¥1 yvi nyl i dene chl ori de,

pol yvi nyl ELAREAs e get RMY R iLRRESME. and chl orinated rubbers. (O

Pol ymers derrtve rom al pha, bet a- unsat urated carboxylic acids or the

deri vat i ves) bseseof Ryl a0t yrhaadd iy, wapalogipinacr yl at e, pol yacryl am de,
and pol yacrylonitrile.




Copol yners of the nononers constituting the above-exenplified polymers with
ot her copol yneri zabl e non- oners, such as

acrylonitril e/ butadi ene/ styrene copol yner, acrylonitrilel/styrene copol yner,
and acrylonitrilel/sty- rene/ acryl ate cqpol yner. (D) Polyners

derived fr, saturated al cg r s thereof, or
v Y Busksat u Iya& 81% (m}ﬂl@ﬁ @ ,losg@ama(%ta'e[{@

acetal s (c)AmountoHﬂJs\éM @yl a acetate yvi nyl stearate,
pol yvi nyl (d)esmpeaie:, poI yVi ny1l40o&al eat e, pol yvinyl butyr_al pol yal | yl

pht hal at e @A @Bl yal | yl mel aninein. Copol yners of the nononers

const i t ut ithTptat theeretideiGiagssaxtaagoluink;i et PaIxyOdineaswddiwih astos) copol yneri zabl e non-
orners, such as et hé/l ene/ vinyl acetate copol yner. (E) Polyners derived
f rom epoxi deT§°‘°“°w‘"9 xamiples, fyiiagr ydiratp e prRieptdventier pol yer derived from

bi sgl yci d)ég(f (F) Polyacetals Pol yoxynet hyl ene,

pol yoxyet h ene and pol yoxynet hyl ene cont ai ni ng et hyl ene oxi de. (G

Pol ypheny| engin@ad-kkepolymerizitioh ref2Rk 4GB DRRAS :tﬁung bladeé. Ltﬁyleﬁ@énﬁ 8- thfibw/'b%w 2.1]-hdptd-ene

Pol yur et hames skt ; bibRAatécs MBS) wers corliftbusy@ and copol yam des deri ved
fromdi am n@,‘»edﬁﬁﬂy the RaddD @5 EbritifucBdh cda‘:geaa @p mmgmaaabmgéhé Sluidh bMBHNo as to
the corr e$pmduj§nm@H lc@rednizstien in the reactor of 60 ghiter, 0.7 liter/hr of a toluene solution of VO(OCoH;s)Cl, 80 as 1o

- 10 - ﬂman@dlurn 9qngmtrag@\ in the/fegstor df ) mnamljerrtgt thigtimel the concen(r4_@)n of vanadium fed was

Pol yam de-2 t‘%f’é‘?"g“" ation infhe repgipry, é’gtaé!rc@h%‘@\e ”P‘Qi‘é’éf' °I' ?"@J’hﬁ"&?"’t&’@ﬁ ’P’ ide ag@eapplystand

dl al COhOl éo N OUSS/ I‘O GUUE? 1 f'pei reacg;b?f t s utlon ethras:gatc \t,aq‘nes
Pol yet hyl g}e Ltwﬁ&‘ %;g hen orL ?tf %gé af% %n h dBO ofnltro en
pol y(1, 4- %m.;a. NG bR (O n'gaooojl i AR5 a LR IER
derived f romms&m@rbae £ s 205 8REM ,@,me%p%@n&.&atm 23§5h Uter the above conditions, apolymer-
Phenol / f orzamh catigkaixire Sdntininglérbstlybanvwe rsHabhy ebgolnRBds obtaifed. A small amount of methanol
mel am ne/ fwas aedddethe/miymeredition withdrar(jom AdelopteimioBsd risedtor to stop the falyyi@rizatiom T doly@éri C
aci d resi melution wespit intdredaiga amatntel agetehs/rediitape! topesipiiate thd eesiiing dorbliymeamToangediyresivasr s

of satur aﬂl@ﬁ“'aa'i’?d W@ﬁ%‘%{’f‘ﬂ P’a‘tdéﬁ? "Eﬁetf&%“?fé *fsP'e a‘&@fF 1950“&?&! BV the preYapPRRIPT. the BisH#{ol

usi ng vi n ﬁgﬁ L nethylene Fﬁ? osnty mea en &2l aﬂjg 9,
modi fi ed r nu ? stall ity Kién El% ra§m€§ ofo% 'sg yef lﬂi‘,cp 6 ,and
prot ei n, {eééﬁgtl anee,ﬁeet b1 bocordeh 1@' iyl
propi onat ‘?rg)& RSB HAE R mE'GLp& Ws@R&uRd ihat-mperat %ﬂge QEUO OBYEr S
of this imsemu P&iﬂggﬁfyﬁe) u&ednpaﬁtuayla\taknatrwofwm but A3ENSIIREEYwe Péak(ARb bisBrvedD e

m xed w th various known waxes. The random copol yners of this invention
may be usEHAM-ES 2-B AR BOMRARATIERIMMBLE g2 The random copol yner of this

i nvention be m)dl fied b ‘égraftl ng thereto a nononer selected fromthe
group cons .E‘%/‘?s cos’ ‘e%l lﬁ%‘f MIFERten FoRfitRge T&Y'HBY??‘P?E”%I‘@P‘?:J?%PHB?WP
their derf® va PRy B corpyere g0 FheWi BB 2y ¢ gani ¢ sili con conpounds having an

olefinic gag,akwrﬁg egavpepd and a hydrol yzabl e group and (d) unsaturated
epoxy conpounds. The

A {ully agitated 500 ml-separable flask was fitted with agitating vanes, a gas blowing tubs, a thermometer and a
dropping funngl, and {ully purged with nitrogen. Toluene (250 ml) dehydrated and dried by molecular sieves was put
into the flask. Under a nitrogen stream, the flask was charged with 7.5 g of a cycloolefin (f) in Table 1 and 1 mmole of
ethyl aluminum sesquichloride , and 0.25 miilimole of VO{OC,Hg)Cl, was added to the dropping funnel.

A gaseous mixture composed of 10 liters/r of ethylene and 40 liters/hr of nitrogen was passed via the gas blowing
tube through the flask kept at 10°C for 10 minutes. VO(OC,H)Cl, was added dropwise from the dropping funnel, and
the copolymerization was staried. While the gaseous mixture was passed, the copolyrmerization reaction was carried
out batchwise at 10°C for 30 minutes. Mathanol {5 ml) was then added to the polymer solution to stop the copolymer-
ization reaction. The polymaer solution was then put into a large amount of methanol/acetone to precipitate the copal-
ymer. The copolymer was washed with acetone, and dried under reduced pressure at 80°C for one day. By the above
operation, 5.4 g of copolymer was obtained. The properlies of the copolymars were measured as in Example 1, and
the restlls are shown in Table 4,

COMPARATIVE EXAMPLES 4-8

Comparative Example 3 was repeated except that the copolymerization conditions shown in Table 4 wera used.
The properties of the resulting copolymers are shown in Table 4.



nodi fi ed random copol yner obtai ned has the sane excellent properties as the
random copol ymer of the invention and al so especially good adhesion to
netals and synthetic resins and good conpatibility with other resins. The
amount of the grafting nononer in the nodified random copolyner is 0.1 to
50 parts by weight, preferably 0.5 to 35%Bly-wei ght, per 100 parts by

wei ght of the random copol yner of the invention. The nodified random
copolymer usually has an intrinsic vigae tyy [[err]] of 0.03 to 20 dl/g
preferably 0.05 to 5 dl/g. Exanpl"€S or the grafting nononer are:
Exanpl es of the unsaiurared carboxylTc acrds and thelr derivatives ya)

i ncl ude unsatur ated ¢arboxylic aci ds Cynlfocdefderylic acid, nethacryfic
acid, alpha-ethylacrylic acid,_rmaleic acid, fumaric acid, itaconic &cid,

citraconic acid tet rahydropht halic aC|dT nethyltetrahydrophtharrt aci d,
endoci s-bi cycl off2 ] - hen gire- 2, 3-di carboxylic acid (Nadic ac-
idlerr]), and nﬂtﬁ?l nddEi $ b|con&P2=331P4ﬁyﬁiﬂﬁ2eﬁeljhSRﬁ ~@nerexylic acid

(et hyl Nadi ¢ acgd[er{]), d their halides, am des, imdes, anhydrifles and

esters. Specifi ¢—8 s of fhece derj vatives are nplenyl chloride
mal ei m de, mal efuc agphydri de, citraconic anhydride nDnonethyI mal ept e and

di met hyl nal eat ¢. th C X acids or their
anhydr%/des are )rgebfqe re@‘lqe”iec a t&ﬁ'gg’(’: Eﬁ&qg ¥2 thﬁpz&m?yme(j PS ar e

especially preferred Exanpl es of the styrenes (b) are conpoundls
represented by prre—~tpHowRg—t-oratta

[err] wherefn Rierr], Rlerr] and Rlerr] each represent a hydr oggn atom
or a | ower alky nohp. c e e yh@ab, gl t hyl gt yrene,
o- net hyl styrene ‘%Qmpth e, 4§q&&%§P§#yPéhé& At%ypggyggne

p- et hyl styrene, fo-i sppro- pylsytrene, misopropyl styrene and
p-isopropyl styr ENE. P THEST, —Styrene, —Tretrhytstyremeamd—p=Tethytgt yr ene

are preferred. EX a s of the organic silicon conmpound (c) haying an
ol ef i ni ¢ unsat uf gtdyd} bon d a hygqeyh;thgzglngpeng-eggnpounds
represented by fhe fpllo formu

Rlerr]Rlerr]S[efr] Y krr] Mmmu1ﬂew]aMl{mr]aM|decm ol
di fferent and each represents a nonoval ent group conposed of carbpon,
hydrogen and optionally oxygen and having an ol efinically unsaturated
bond, and Y[err] and Y[err] are identical or different and each represents
a hydrol yzabl e group, conpounds of the follow ng formula
Rlerr]SiY[err]Y[err]Y[err] wherein R err] is as defined, and Y[err],
Y[err] and Y[err] are identical and different and each represents a

hydrol yzabl e group, and conpounds of the follow ng fornul a

Rl err] XSi Y[err] Y[err]




wherein R err],

Y[err] and Y[err] are as defined above,

an

or gani ¢ group free froman ol efinic unsaturated bond.

Rlerr] and Rerr] are vinyl al

but enyl, cycl ohexenyl,

lyl,

CHerr]=C(CH err] - COOO(CH[err])[err]-

CHerr]=C(CHerr])COO(CH err])

CHerr]=C(CH err])COOCH err]OCCH err]CHOH)CH err]Q(CH err])[err]-

[err]-O:-(m[-err])[err], and

s havinag a termnal olefinic

d X represents an
Exanpl es of
cycl opent adi enyl

o

t hese, the hy Loun
bond and estens tjher f arg
preferred. gEe
as net hoxy, effhoxy

formyl oxy, acgto

and subst
as -NHCH err], rr]H err]

t he above for

rfef erred. The vinyl group is
rr],
ﬂethoxyethoxy- agyl osy gmou
noxy, Oxi me groups “Such’ as

i taited am no groups and aryl
glhd -NH(CJerr]Herr]).
Vi3, ethyl, propyl, tetradecy

Y[err] and Y[err] are a

| 'y unsaturated
spe- cially

koxy groups such
s such as

¢

fm no groups such
Fxanpl es of X in
, octadecyl,

phenyl, benzyl lyl. O tlhéSe, nonoval ent hydr ocar bon| groups are
preferred. ngilicor 'Bnpounds-preferably-used ih this invention
are those of f or mul}eQi ven above, panic- ularlyfjthose in which
t he groups Y| , err] and !Egrr] are identical. Especiglly preferred
are vinyltrialkofysij anes such zls vinyl trinet hoxysil ane, 'g 'g 'g
vinyl triethoxysi |fermet——c ].,: t-HoER

vi nyl met hyl di ¢t hgxy ng e.g vi nyl phe- nyldlnethoxy5|lane

unsat ur at ed epoxy ﬂi (30 are preferably nononers havfnggat e t one
pol yneri zabl ej wngat ;and at Iﬁéshpone.eppxy gkoup pE Wlerule.
Exanpl es i ncl Igm Gy k :est"b ?:r epr esent e&" by t Be&f ng
general formu ] % ﬁeg@
wherein R err drocarbon group having a pol 'g 8

et hyl eni cal¥y -F—unsaLu&aLengAAUJJAA_AaJma;s r &P§ Qp by
t he gener al8|f - , Splole
[err] whagdle r defi ned above, and Z represents gl-&yglf
group of t guyof"' s = & %u“uug
[err] and epo b} nted by he general fornula G Ut Gt U f ot
[err] whe ' '  a ﬁy%lr"bge?l St om
or a nethyl g the mononers (§) Sr&5585

gl yci dyl acryl yci dyl rret ylate, no- anddi - gl yci dy| DtREoBal
mono-, di- an ggl dyl but -tri ates, Jjrono; ahd ?léggeg I
citraconates, d di-gly&dyl endosi s- @ a
bicyclo[2.2.1 5-ene- 2, 3; ?rboxyl at nmono- and di-gj ycRdyi® & ¢
endo- ci s-bi cy 12,11 - hept 1% ene- 2-nePhyl - 2, 3-di - carbokyl $t Eg@&-
and di-glycid | succi nat ¢s, gl ycidyl p-styrene-carboxyl ageg -'aaiglwts

gl yci dyl ethef %ym dyl et her, styrene-p-gl ciﬂg*’eﬁfﬁe*‘,

3, 4- epoxy-1-b , mefhy ™ 2 bR &  3,%- epSixyt 1-8BEEE ©

3, 4- epoxy- 3- net gyl - 5, 6- epoxy 1- hexene and V|ny cy ) &
monoxi de. O } tge, : %é)%iﬁ
preferred. he rfodi f| ed r arrdom copol yrrer may be pr oduc d b? %al, |u.py,s
known net hods r ¢x@nple, th® raedom ®pe B8 i § melfed

grafting m)none is qazled and J t- copol ynerized. Alternat veq’y'"’t'ﬂ@ﬁandom
copol yner is qunj\pdgin a_sbfvent. and the qraftlnq,nnno'-r i s added and
graft-copoly d. In eithe} case, the reactiongds fegrably carried out
in the prese a radi cal mtihammmdemtg“gegor gr':aftN -
copol yneri zat dﬁ fficiently.) The radical initiat




may include organic peroxides, organic peresters and azo conpounds.

loni zing radiations and ultraviolet |light may al so be used to generate

r adi cal s. The nodi fied random copol yner obtai ned by the above procedure
has excel |l ent heat resistance as shown by its. high glass transition
tenperature which is one nmeasure of hedé fesistance. Specifically, the
nodi fi ed random copol yner usually has a glass transition tenperature,
nmeasured by a Dynam c¢ Mechani cal Anal yzer (DMA), of 20 to 250[err]C, in
many cases 30 to 220[err]C. The nodified random copol yner al so usally has a
softeni ng tenperatuye ofééo to230[err|C, 1n

- 12 - many cases 3 OGt he softening ternperature is dgfined as the

tenperature at which a tZ rjeedl e (dianeter 0.635 penetjrates 0.1 mm

into the copol yner ngeg'gaglhad R BT BB it Bwefnt uf® ils elevated at

arate of 5[err]C njn® Rg~TNB (thernonechani cal analyzer, 3 product of

E. I. du Pont d The nodi fied copol yner uqually has a

density, determ n " . 20

g/cnferr], in m ‘o 1 .10 g/cnferr]. When thg random

copol ymer of thi v iMn «»s jcrQsslinked with sul fur_or organi c peroxides

or by actinic li 5551 gso%l ecté)oi b%ag’s 'orxrz;di bact f've ﬁ?ayi, its heat

resi st ance, chené 'E'eﬁi%ﬂa'ﬁce, sol vent resistance and nechari cal

properties can b ré&mds Pnpr gved. The properties of thefcycl ool efin

random copol yner& AT s T nvention Were neasurea rmjaccordance

with the foll ow @ et ho (1) Copol ynmer conposition (nolfe%

On the basis of cHel Bl i Wb @neey of of he rdpdomegopol yrer

det er mi ned .by 138grir ] 3NVRL2H0
2)

Tabl

bet ween the cycl ool jef Emn Pt~ CQ

ntent and the height of the pegk of an
absor ption band I

| ool ef unit determned by infrared
spectroscopy. The afg height ¢f the absorption band of the i nfrared
absorption spectru the random copol yner is neasured, and the
cycloolefin unit cgnt&nt is caljceh aveth < v Ehevewmhyl@re et jcont ent of

t he random copol yngr ®s cal cul §t ed by subtracting thegezyoﬁqbl f in unit
content from thHe ®Bntire unifts. (2) Intrinsic“WEs&&ty [[err]]
Measured at 135[err|C using a Ubbel ohde visconeter. (3) G ass
transition tenperature (Tg) . Measured by .a Dynam c Mechani cal

Anal yzer (DVA, made by E. |I. du Pont de Nenmours & Co.). (4)
Crystallinity Determ ned by X-ray diffractonetry. (5) Volatile
conponent (VM A wei ght change was neasured under the conditions
of 300[err]C, 1 torr and 1 hour. (6) Content of the unreacted

cycl ool efin The pol yner was di ssolved in cycl ohexane, and the
anount of the unreacted cycl ool efin was neasured by gas chromat ography.
(7) Mol ecular weight distribution The nol ecul ar wei ght
distribution ([err]w [err]n) is determned in the foll ow ng manner in
accordance with the pro- cedure descri bed at pages 14-114 of "GCel
Permeat i on chromat ogr aphy" by Takeuchi, published on May20, 1976 by
Maruzen Co., Ltd., Tokyo.




(1) Using standard pol ystyrene of a known nol ecul ar - wei ght (nono- di spersed

pol ystyrene,

a product of Toyo Soda

Mg. Co.,

Ltd., Japan),

mol ecul ar wei ght M of the polystyrene sanple and its GPC (gel

chr ona-

is drawn.

t he

per neati on

t ography) count are neasured. A calibration curve for the

nol ecul ar wei ght M and the EV (el ution-\Jidl dne) The

concentration of the polyner at this tirrei_s_ga_t__a}__Q_Qz%_mLMiight.
(2) A gel perneati chf ogat ogr gm of the sanple is taken by th¢ GPC
measuring met hod, d thaxEnunbel sverage © Mgl exuBar wel gh® (Wh = [err])
and the wei ght averfge pokecul a ‘nm@hh (MVI"F {ceﬂ]!)w are ™
cal cul at edf orcopol yprer { ** by (1) above, and the val [err]n) is
det er m ned. The sahplee 1's {Irepared under the follow ng copditions, and
the conditions for C pr s shown bel ow. Preparati onof elsanpl e
(a) The sanple is tlkengi an {Erd emmayenf liask twoget hers wi
o-di chl orobenzene sp as g'ﬁr ovijde a 0. 02% sol uti on. (b)"'l fto the
Erl enmeyer flask cont ai piedgeitiotsa ; . $ + based on
the polyner solution, of & 2,4-di-tert.-butyl-p-cresol as an}anti oxi dant.
(c) The Erl enneyer s...haaf?eia to 14—.0[.6”50. @K Geot loe eontsntsmr stirred for
about 30 minutes tof dEspofe thd I ® Rd%Eh® anfy oxi'dat . (d)
Then, at 135 to 140fedy{ O the qolution is filtered by a 1[err} MIlipoere
filter. (e) Thel felfrate 1sisuUb] ected T0_ 08l gegmeal) on omat ogr aphy.
Condi tions for get pe pafi®n cHrcﬁm‘onQﬁa hy. za) Daw ce- .
Model 150C, nade by| VWt arg‘Corrp ny®» ™ © 4~ & =
- 13 - (b) Col um: L LSK Toyo Soda
Mg. Co., Ltd. (c) m;uhtsof thg¢ sanpl e: 500 [err]l (d) Tenpgrature:
140[err] C (e) Flgy I ale 1 m/mn. (f) Total theodetjcal
stages of the col, @ K ﬁ(ﬁgr] 4 b l1o[Erd @easurgd wie hjacet one)
The foll ow ng Exg ) f upt|er |IIustrate the present invention. EXAMPLE I
Using a 2-liter g rear zat-i-uon react or eqw pped with agitating}bl ades,
et hyl ene and 6-¢€ | btlc bFU]_L 2T trept=2=en abbr evi at ed
as MBH) were continj og,s cgpol ynerized Speci fically, the Heact or was
conti nuously charg gt igs3top wiet le0s® ¢ werdhie; o a fpol udde jsol ution of
MBH so as to provi @&n Bcondert rat ieonoi ® the o eact 0s of &0 g/liter, 0.7
liter/hr of a toluene slnlﬁ't?on cf VO(OClerr]Herr])Cd[err] so J's to provide
a vanadi um concentrtiop 1 n thejreachol of § NQohe/&iteg (alythis tinme, the
concentration of vapadi hngf ed sv~2 M6t ineS i WsreoRcenty at Mdnjin the
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- 20-

EXAMPLE 9

Fifty grams of the random copolymer obtained in Example 1 was dissolvad in 500 ml of xylene at 125°C in &
nitrogen atmosphere in a glass reactor. Then, a xylene solution of maleic anhydride (abbrevialted as MAH) (12 §/30
ml) and a xylene solution of dicumy! peroxide (abbreviated as DCP) (0.27 ¢/30 ml) wers fed gradually over & pericd
of 4 hours from separate lines into the reactor. ’ '

Since MAH had low solubilty in Xylene, it was dissolved by heating with an infrared lamp, and the hsating was
continued unfil its feeding was terminated,

After the feeding, the reaction was continued for 2 hours, and after the reaction, the reacticn solution was cooled
to room temperature. The reaction solution was' put into a large amount of acetone to pracipitate the polymer. The
resulting grafted copolymer was filtered, repeatedly washed with acetone, and dried under reduced prassure at 80°C
for 1 day to give the desired MAH-grafted copolymer. The amount of MAH grafted, measured by oxygen analysis of
the medified copolymer was 1.27% by weight. The modified copolymer had an Intrinsic viscosily, measured in decalin
at 135°C, of 1,83 dl/g, a density, determined in accordance with ASTM D 1505, of 0.878 g/cm? and a glass transition
temperature (Tg) measured by the DMA mathod of 102°C.



- 20- EXAMPLE 9 Fifty grans of the random copol ynmer obtained in
Exanple 1 was dissolved in 500 mM of xylene at 125[err]C in a nitrogen
at nosphere in a glass reactor. Then, a xylene solution of naleic anhydride
(abbrevialted as MAH) (12 ¢g/30 nl) and a xylene sol ution of dicunyl
peroxi de (abbreviated as DCP) (0.27 g/3021) were fed gradually over a

period of 4 hours fromseparate |ines into the reactof——"" Sifice MAH had

| ow solubilty in xylene, it was dissolved by heating w ﬁ Enp,
and the heating was continued until its feeding was ter jmgﬂmr““ﬂ\“

t he feedi r?&‘ ™ he reaction was continued for 2 hours, and-after tHMe S

reaction, t %agdg@&gémrcgg%;%eggﬂg?s cooled to roomtenperature. The

reacti on solution was arge amount of acetone to precipitate the
pol ymer. The r@gd Jo,bd}gargaraa‘n;eedowqized Al B EthyWBSant! pdiyinedzedlnite b Bad edlcycionsidhed
W th acet one, ameeigibetle tatodiagiomalddiced pressure at 80[err]C for 1 day to
give the desired MAH grafted copa ymer. The anmount of MAH grafted, measured
by oxygen analysis of the nodififed copol ymer was 1:27% by wei ght. The
nodi fi ed copol ymer had an Intpi c®sity, nmeasured in decalin at
135[err]C, of 1.83 dl/g, a deteérm ned in accordance with ASTM D
1505, of 0.978 g/cnferr] an transition tenperd®re (Tg) neasured
by the DVA net hod of 102[er

- 21 - Claims 1. A random 6 ymarR%?]ar acterised in that (A
t he copol yner corrpri ses pol yrrerig.ed uni ts of et hyI ene and poI yrreri zed units
(()]Ic ) at | east one SIYerem%Q |R§ Land R are |dentncal or Erﬁe%%teatr'\]é & fasen\sahycp agen e\t(\cﬂam Qalogen am‘“ a

or a hydrocarbon group having 1 to 10 carbon atoms, and 10 are identical or different and each

represents a hydrogen atom, a halogen atom or a hydrocarbon group having 1 to 10 carbon atoms or ¥ and
R10 arg bonded to each other 1o form a group of the following formula

7l % - B2

S——e——’

in which R and R'2 are identical or difierent and each represents a hydrogen atom, a halogen atom or a
hydrocarbon group having 1 1o 10 carbon atoms, and £ is an integer of 3 or 4,

(B) the mole ratio of the polymerized cycloolefin units to the polymerized ethylene units is from 3:97 to 60:40,
(C) the or sach cycloolefin of formula (1) is incorporated in the polymer chain as polymerized units represented
by the follcwing formula (i1)

Vs

(11)

wherein all symbols are as dsfined above,

(D) the copolymer has an intrinsic viscosity [n), measured in decalin at 135°C, of 0.01 to 20 dV/g,

(E) the copolymer has a molecular weight distribution (Mw/Mn), measured by gel permeation chromatography,
of not more than 4, and

(F) the copolymar has a crystallinity, measured by X-ray diffractometry, of 0 to 10%.

2. A random copolymer according io claim 1 wherein the mols ratio (B) of the polymerized cycloolaﬁn units o the
polymerized sthylene units is from 10:90 to 60:40.

3. A random copolymer according to claim 1 or 2 which has a glass transition temperature (Tg) of 10 to 130°C as
measured by & Dynamic Mechanical Analyzer.

4. A process for producing a random copolymer as defined in any cne of the preceding claims, which process com-
prises continuously copolymerizing ethylene with the or each cycloolefin represented by fomuta (1) in a hydrocar-
bon meadium in the presence of a catalyst forred from a vanadium compound soluble in the hydrocarbon medium
and an organo-aluminum compound while maintzining the atomic ratic of alurninum atoms to vanadium atoms in
the reaction system, Al:V, at 2 or more:1.



wherein R err], Rerr], Rerr] and R err] are identical or different and
each represents a hydrogen atom hal ogen atom or a hydrocarbon
gfoup having 1 to 10 carbon atons, and Rlerr] and Rlerr] _are_identical or
different and each represents a hydrogen atom a hal ogen atomor a
hydr ocarbon group having 1 to 10 carbon-a Z)ms or R e \rmllgrml Im "uI ” ,"1[ err]
are bonded to each other to forma group of the fol

in which Rerr] and R err] are identical or different and each represents a
hydrogen atom a hal ogen atomor a hydr ocar bon group having 1 to 10
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by the folsl oagraressfopdrépeinga fddlfidd random copalymer, which process comprises grafting onto a ran opolymer,
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(B) of the. ponyseds rbrﬂ&dcdﬁ&lﬁha@@r{rdﬂfsloﬁlalhﬁﬂletbﬁaﬁr&eislagdefned inclait@ yneri zed ethyl ene
units is from10:90 to 60: 40. 3. A random copol ymer according to claim1l
or 2 which has a glass transition tenperature (Tg) of 10 to 130[err]C as
measured by a Dynam ¢ Mechani cal Anal yzer. 4. A process for producing a
random copol ynmer as defined in any one of the preceding clains, which
process com



prises continuously copolynerizing ethylene with the or each cycloolefin

represented by formula (1) in a hydrocar- bon nediumin the presence
of a catalyst formed froma vanadi um conpound sol uble in the hydrocarbon
medi um and an organo-al um num conpound whil e nmaintaining the atomc
rati o of alum num atons to vanadi um atons in t he reaction system
Al:V, at 2 or nore: 1.

- 22 - 5. A process according topsclaim4 wherein the soluble vanadi um
conpound is added to the reaction systemin a concentration not nore
than 10 tinmes its existing concentration in the reaction systemin order to
mai ntai n the atomic ratio Al :Vaakrgaese nore:1. 6. A process for

preparing a ng%%%ied égngﬁ]COpolyner, whi ch process conprises grafting on
to a randomc LYMER AND iprobESE 3R 04, 0.1to
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50 parts by weight of a nononer selected from
unsat urated carboxylic acids and/or their derlvatlves (b) styrenes, (c)
organi c silicon conpofind€nRav sgraAyoeef if- charap@awuwe@nsatumamedAbond and

a hydrol yzal@lhe g:mnymamdceﬁkb:uaéat aaﬁyﬂdw@@ayemngsuw stQfgparts by
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modi fi ed faﬁaﬁdgﬁlcbpobymymepieﬁareﬁchoBe@£@C§§§tgst@lthed in claimbé.

8. A modifigdiyaadegeaoRthy Bhe "Ihels' §s OPLEETEPLT BY 3oR1CCSE, 35, J6f T ned
cycloelefin is incorporated in the polymer chain without

ring opening, (D) the copolymer has an intrinsic viscogity
of 0.01 to 20 dl/g9, (E) the copolymer has a molecular weight
distribution (Mw/Mn) of not more than 4, and }F) the
copelymer has a crystallinity of 0 te 10%. A monomer
selected from {a) alpha, beta-unsaturated carboxylic acids
and/or their derivatives, (b) styrenes, {c} organic silicon
compounds having an olefinically unsaturated bond and a
hydrolyzable group, or (d) unsaturated epoxy monomers may be
grafted on to the random copolymer. The random copolymer is
produced by continuously copolymerizing ethylene with at
least one cycloolefin in a hydrocarbon medium in the
pPresence of a catalyst formed from a soluble vanadium
compound and an organcaluminum compound while maintaining
the atomic ratic of aluminum atoms to vanadium atoms in the
reaction system, Al:V at 2 or more:l.



