RANDOM COPCLYMER
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"NOVEL RANDOM COPOLYMER®

This invention relates to a novel random co-

polymer composed of at least ethylene and a 1,4,5,8-di-
methano-1,2,3,4,4a,5,8,8a-octahydronaphthalene as monomers.
More specifically, it relates to a novel random copolymer

having excellent transparency and a well balanced com-

bination of heat resistance, heat aging resistance,

chemical and solvent resistance, dielectric properties and

mechanical properties such as rigidity.

Polycarbonate, poly(methyl methacrylate) and
poly(ethylene terephthalate) are known as synthetic resins
having excellent transparency. The polycarbonate resin has

excellent heat resistance, heat aging resistance and impact

strength as well as excellent transparency, but have the

defect of poor chemical resistance whereby it is readily
attacked by strong alkalies. Poly(methyl methacrylate)
has the defect that it is susceptible to attack by ethyl
acetate, acetone and toluene, is swollen in ether, and has

low heat resistance.

Polyethylene terephthalate has ex-

cellent heat resistance and mechanical properties but has

the defect of possessing weak resistance to strong acids or
alkalies and being susceptible to hydrolysis.

Many of polyolefins well known as general-purpose
resins have excellent chemical resistance, solvent resist-

ance and mechanical properties, but have poor heat resist-

they are crystalline.

ance. Furthermore, they have poor transparency because

The transparency of polyolefins is

generally improved by adding a nucleating agent to render
the crystal structure fine, or by performing quenching to
stop the growth of crystals, but such measures have not

proved to be entirely effective. Rather‘ Ehe addlt;bnfbf
a third component such as the nucleatlng agent ist 1ikei§ S
to impair the inherent excellent properties of the poly-

olefins.

Furthermore, the quenching method requires
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ott ahydr onapht hal ene, ethyl ene and an al pha-olefin of at |east 3 carbon
atons and/or a cycloolefin as nononers. Mre specifically, it relates to a
random copol yner havi ng excell ent transparency and a wel | balanced

conbi nati on of heat resistance, heat aging resistaan' :
sol vent resistance, dielectric properties and mechani ¢4lS §P5ﬁehﬁfé§rw uch
as rigidity. Pol ycar bonat e, pol y(met iyl met hacr §/| at e)RERWACED
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resi stance, heat aging resistance and i npact _streng s excel | ent
transparency, but also 0% e odesch a&ﬂip&@ﬁ@ﬁéﬁl@éﬂer§§ﬁ§t9ﬁ990§ﬁﬁce i t

is readily at tﬁmkqstodncqu Wyﬁelt@ havifgl %ﬁ?&fiﬂr Fanaparents) bi)aéof-he

defect t S. suscept i acet at e, "acet ghe_and
toluene,ﬁﬁs:mgﬂ%zﬂfﬁﬁ?5§ﬂ1 %y;ﬁ&eh§§%$ %*H XtCPQQPQPﬁﬁﬁe Bol Pet RPEERE
terephthalateZyﬁB&w&iﬂIdammlhsas ae copiod yme raod ethyhanbcahtnrQDBFtleS but

has the defecty i st | kalis and
S susceptlble 35 Eyg § IQ%éW%%hlgﬁ%h %ﬂqu ﬁgiiﬁg ﬁ %o&ﬁlg

general - pur poda CW&%@“@%@@PI@ﬁtrGBédﬂ@HlandstSﬁaﬁpeFeBOvaut low
resistance heat resistance as shown by its glass transition tempera-

10 ture of about 100°cC.
Japanese Patent Publication No. 14,910/1971
discloses a process for producing a homo- or co-polymer

having polymerized units represented by the following
formula (a) - ~

S O T (a)

R
~ 7
wherein R is hydrogen or a lower alkyl group,

which comprises polymerizing a 1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene represented by the
following formula (b)

R

wherein R is as defined above,
alone or with a cyclic olefin selected from styrene,
acenaphthylene, bicyclo-[2.2.1]heptene-2, alkyl-substituted
products of the heptene and cyclopentene in the presence of
25 an alcohol as a reducing agent using a halide of a noble

metal such as ruthenium as a catalyst. :
Homo- or co-polymers comprising the 1,4,5,8-di-
methano-1,2,3,4,4a,5,8,8a-octahydronaphthalene as a part or

—————.,
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and nmechani cal properties, but have poor heat resistance. Furthernore, they
have poor transparency because they are crystalline. The transparency of
polyol efins is generally inproved by adding a nuclea%kngﬁﬁqEﬁf"ﬁgﬁﬂénder
the crystal structure fine, or by performng quen:ﬁﬁﬁb E&“sﬁéﬁ e jgrowt h
of crystals, but such nmeasures have not proved to be _enfEHALED of £ I ve.
Rat her, the addition of a third conpomest —such as tHeé nucl eati ng agent is
i kely to inpdhe holientodr eavdnomexrese landnmephoder fioes pobdukéipol yheeeofis.
Furt hernor e, i QUERCIHIRGIRRER0] n Salanstel 2a08-3EahepagupRent, and is
also likely to reduce heat resistanceé or rigidit th a decrease in

W
crystalIinit3LPUbliCa§iQﬂ$eN@Fheﬂ5ﬁaﬁ§§/4§ﬂﬁod§2Ha¥835é8§3pr5%0&&&/1834a

produci ng pol yg¥er3 5ya\wigag apdP §lli, 31 619830 ANANEY, BY ®aRent 4ym?sii2ag
et hyl ene with bul ky comnponer ent 2,883,372 di sclose

d;. U. S.,Paé g a

copol ymerS of et hyl ene wilt¥e POIYECKS. Aigcl@sef: i8p&hessi BRAOITAFE copol yrer
has a wel | baldvmaenterareatriog-obenied gpiolymard hagdiapapelgmebliizelountiest
re- sistance i 1s.gla ansi to ragur a _100C.
Japancse. pat eI St S NiRoE3beRIAEo 0F HonbReRg, dy R ShelBRLY
produci ng a haerized eaits yepresgited byolfprewilaedalni t 8sr epnebenusdeby
the follow ng f1Q§d8llfa drP)ehe formula (a), these ring-opened polymers

10 are structurally characterized by the fact that the main

polymer chain contains an unsaturated vinyl linkage.
Because of the presence of the unsaturated vinyl linkage,
these polymers have poor heat aging resistance. '
All of the polymers described in the above prior
15 art documents are ring-opened polymers obtained by the ring
scission of monomer. U. S. Patents 3,330,815 and 3,494,897
and Journal 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 monomer
20 without the ring scission of the bicyclohept-2-ene skeleton
of the monomer.
U. S. Patent 3,330,815 discloses that a polymer
comprising polymerized units of the following formula (c)

or the substitution product thereof is obtained from bi-
25 cyclo[2.2.1]hept-2-ene of the following formula (d)

O -

or its substitution product.
U. S. Patent 3,494,897 discloses a process for
producing a copolymer of ethylene with a bicyclof[2.2.1]-
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mhereinrﬁ is hydrogen 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 ahydronapht hal ene represe ted by
the followi ng fornula (b) THIS SHEET HAS BEEN
REPLAGED
...4_

10

15

20

25

30

hept-~2-ene represented by the following formula (e)

Q\ ----- (e)

R R!

Example 44 and claim 92 of this patent discloses a copoly-
mer of ethylene with tetracyclo[6,2,1,13'6,02'7]—4-dodecene
of the following formula (f) encompassed within the formula

(e)
OO

and ethylene. The Patent does not describe the content of
the tetracyclododecene of the copolymer 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 tetracyclododecene. U. S. Patent
3,494,897 does not at all describe specifically copolymers
of ethylene with tetracyclododecenes other than the tetra-
cyclo(6,2,1,137%,0277

Journal of Polymer Science: Polymer Physics
Edition, volume 12, 1607-1618 (1974) discloses copolymers
of ethylene and norbornene derivatives having dynamic
mechanical properties. Table II of this document shows a
copolymer of ethylene containing 1 mole% of polymerized
units derived from the same compound as formula (f) (named
octahydrodimethanonaphthalene in this document). Table IV
thereof states that this copolymer has a beta-relaxation
temperature of 15%c.

The copolymers described in these prior art
references which contain only 2% at the largest of octa-
hydrodimethanonaphthalene have a glass transition tem-
perature. of about 15°C at the highest. They strongly
exhibit a rubbery nature and have poor heat resistance and
mechanical properties.

]-4-dodecene of formula (f).

S
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wherein Ris as defined above, alone or with a cyclic olefin selected from
styrene, acenaphthyl ene, bicyclo[2.2.1 Jheptene-2, alkyl-substituted

products of the heptene and cycl opentene in the ce—of-.an_al.cohol as a
reduci ng agent using a halide of a noble nmetal sycHi&sSt fﬁﬁﬁhﬂﬂ 8aERS a

catal yst. Hono- or co-polyners conprising th REPLACED

1, 4, 5, 8-di - met hano- 1, 2, 3, 4, 4a, 5, 8, 8a- octPahydr onapht ia e*as~a-pa+4 or the

whol e of nmonomers and nﬂmhadsamombgeaduc&'¢M1Bheneehtapa &bsprdvsdeoased in

155555, 1975, 197 o 10D COMGYHPEE, £ Wine ar. 1enste peidpas,and o

FR- A- 1535460 dmﬂd§ diumgthano- 4,4a,5 8a—octahydronaphthalene as
monomers. '

5 Another object of this invention is to provide a
novel random copolymer having excellent transparency and a
well balanced combination of heat resistance, heat aging
resistance, chemical and solvent resistance, dielectric
properties and mechanical properties such as rigidity.

10 Further objects and advantages of this invention
will become apparent from the following description.
These objects and advantages are achieved by a
novel random copolymer, characterized in that
(A) it is composed of ethylene and a 1,4,5,8-
15 dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene re-
presented by the following formula (1)

Ry
0

2

wherein Rl and R, are identical and different and
each represents a hydrogen atom, a halogen atom

20 or an alkyl group, or Rl end R2 may be bonded to
each other to form a trimethylene group or a
group represented by the following formula

20

Ry

in which Ry and R, are identical or dif-
25 ferent and each represents a hydrogen atom,
a halogen atom or an alkyl group,
(B) the mole ratio of polymerized units derived’
from 1,4,5,8-dimethano~-1,2,3,4,4a,5,8,8a~octahydronaphtha-
lene to polymerized units derived from ethylene is from
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ent 4,178, 424. The pol yners disclosed in these prior art docunents are
ri ng- opened pol yners havi ng polynerized units resulting fromring-opening

of nononmers as in the polynerized units represented by fornula (a). As can
be understood fromfornmula (a), these ring-opene?wpg yners are structurally

S ety e,

characterized by the fact that the main polyner bmamngggntﬁtgg% ﬂ
unsaturated vinyl |inkage. Because of “tfie~presente of ! f utat ed Vi nyl
l'i nkage, thes&:97l yoedS5:Bavendoor heat aging res St-ance. Al _df the

pot yer s descri bed | Rcahenabeve, 8] boaiAbkndRGUTTELS, & Bal s 19; 8R08¢a-

pol ymers obt ai ned by
hydronaphthalene is incorporated in the polymer chain as

polymerized units represented by the following formula (2)

R

1
s 00—

2

wherein R1 and R, are as defined above.
According to this invention, the novel copolymer
of the invention is produced by a process which comprises
copolymerizing ethylene with a 1,4,5,8—dimethano-
10 1,2,3,4,4a,5,8,8a~-octahydronaphtalene represented by the

following formula (1)

1
o e
R .

2

wherein Rl and R2 are identical and different and
each represents a hydrogen atom, a halogen atom

15 _ or an alkyl group, or Rl and R2 may be bonded to
each other to form a trimethylene group or a
group represented by the following formula

@:1:3

4

in which R3 and R, are identical or dif-
20 ferent and each represents a hydrogen atom,
a halogen atom or an alkyl group,
in a hydrocarbon medium in the presence of a catalyst
formed from a vanadium compound and an organoaluminum
compound which are soluble in the hydrocarbon medium.
25 The 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octa-

This Sheet Has Been Replace

HIIIIN |l llll lll II




REPLACEMENT SHEET

-2

scission of a nonomer. U. S. Patents 3,330,815 and 3. 494,897 and Journal of
Pol ymer Sci ence: Pol ynmer Physics Edition, volune 3%7‘%6?8@5&?%)

descri be polyners of the type obtained by the ope |ﬁ5 Wodbth [ bond of
nmononmer w thout the ring scission of the bicycloh - 2- Sn@JKkBIeton of the

nononer .

U S. Patent 3,330,815 di-=sd eses that a pol COPrTSi ng
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4-dodecene, used in this invention is represented by the
above formula (1). In formula (1), Rl and R2 are identical
or different and each represents a hydrogen atom, a halogen
atom or an alkyl group. Or R1 and R2 are bonded to each
other to form a trimethylene group or a group of the fol-

lowing formula
i:ji[: 3
R

4

wherein R3 and R4 are identical or different and each
represents a hydrogen atom, a halogen atom or an alkyl
group.

Examples of the halogen atom for R, to R, are
fluorine, chlorine and bromine. The alkyl group for Rl to
Ry
carbon atoms, particularly 1 to 10 carbon atoms. Examples
of the alkyl group include methyl, ethyl, n-propyl, iso-
propyl, n-butyl, iso-butyl, sec-butyl, t-butyl, pentyl,
hexyl, heptyl, octyl, nonyl and decyl.

Examples of the 1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene of formula (1)

include

may be linear or branched, and preferably has 1 to 20

1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a~octahydro-
naphthalene,
2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene,
2-ethyl-1,4,5,8-dimethano~-1,2,3,4,4a,5,8,8a-
octahydronaphthalene,
2-propyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene,
2-hexyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octa-
hydronaphthalene,
2-stearyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene,
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[err] or the substitution product thereof is obtained from

bi -cycl o(2. 2. 1] hept-2-ene of the following fornula (d)

err or its substitution product. =~ —
| ! g THIS SHEET HAS BEEN

e REPLACED

2-decyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene,
2,3-dimethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene,
2,3-dimethyl-3-ethyl-1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-methyl-3-ethyl-1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-chloro-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octa-

hydronaphthalene,
2-bromo-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octa-
hydronaphthalene,
2-fluoro-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octa-
hydronaphthalene,

2-cyclohexyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene, :
2-isobutyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a~
octahydronaphthalene,
2,3-dichloro-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene,
12-ethyl-hexacyclo[6,6,1,1376,110+13 2/7 (9,14;_
heptadecene-4,
12-methyl-hexacyclo[6,6,1,1376,110¢13 (2:7 49,14;_
heptadecene-4,
12-isobutyl-hexacyclo(6,6,1,13r6,110:13 (2.7 g,
heptadecene-4,
hexacyclo[6,6,l,13'6,110'13,02'7,09’14]hepta-
decene-4, and
pentacyclo[6,5,l,13'6,02’7,09'13]pentadecene—4.
These 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octa-
hydronaphthalenes may be used singly or in combination.
Among the compounds of formula (1), those in
which at least one of Rl and R2 is an alkyl group, es-
pecially having 1 to 10 carbon atoms, above all 1 to 5
carbon atoms, or R1 and R2 are bonded together to form a
trimethylene group or a group of the formula

9,14)_
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U S. Patent 3,494,897 discloses a process for producing a copol yner of
ethylene with a bicyclo[2.2.1]-hept-2-ene represented by the foll ow ng

formula (e)

[err] Exanpl e 44 and claim 92 of this_patent discloses a
copolymer of ethylene with tetracyclo[6,2,1 1[err]]@kp@ka¢TQ@d§qﬁpe of
the followng fornula (f) enconpassed mn;hln t he f¢rnul R UnCED

o0
Ry
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wherein R3 and R4 are as defined above, and

preferably represent an alkyl group having an

alkyl group with 1 to 10 carbon atoms, especially

l to 5 carbon atoms,
are preferred.

The compound of formula (1) can be produced, for
example, by subjecting the corresponding norbornene and
cyclopentadiene to the Diels-Alder reaction.

According to the process of this invention, the
1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene of
formula (1) is copolymerized with ethylene in a hydrocarbon
solvent in the presence of a catalyst.

The catalyst used is one formed from a vanadium
compound and an organoaluminum compound which are soluble
in the hydrocarbon solvent used.

Suitable vanadium compounds include vanadium
halides such as VC14, VBr4, VCl3 and VBr3; vanadium oxy-
halides such as VOCl3, VOBr3, VOCl2 and VOBrz; and vanadium
compounds of the formula VO(OR) X3 -n wherein R represents a
hydrocarbon group, X represents a halogen atom, and n is a
number represented by 0<n<3. Of these, hydrocarbon-soluble
vanadium compounds, partiZularly the vanadium oxyhalides
and the compounds of the formula VO(OR) nX3_n are preferred.
In the compounds of the formula VO(OR) X3 n’ R is an ali-
phatic, alicyclic or aromatic hydrocarbon group, preferably
an aliphatic hydrocrbon group with 1 to 20, preferably 1 to
5, especially preferably 1 to 3, carbon atoms. The number
n is 0<n<3, preferably 1<n<1.5. Specific examples of these
vanadium compounds are VO(OCH3)C12, VO(OCH3)2CI, VO(OCH3) 3,
VO(OC )Clz, VO(OCZHS)l 5Cl1 57 VO(OC2H5)2C1 V0(0C2H5)3'
VO(OCZHS)l,SBrl.S' VO(0C3H7)C12, VO(0C3H7)1.5C11.5,
VO(OC3H7)2C1, VO(OC3H7)3, vVOo(O0 n—C4H9)C12, VO (O n—C4H9)2C1,
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and et hyl ene. The Patent does not describe the content of the
tetracycl ododecene of the copol yner of Exanple 44. Wen it is calcul ated

under the assunption that all of the tetracyclodo(qﬁeﬂ§ HEPALGQ T MRS
DO Lﬁ

i ntroduced into the polyner the polynmer contains | H%ﬁgpﬁnlts fJer i ved
fromabout 2 nole% at nost of the tetracycl ododecene tent

3,494,897 does not at all describe specitfically copol ymers of ethylene wth
t et r acycl odod &t d sorifg

Hgd @ﬂ.tﬁ@(ﬂeSe&-CﬁﬁB L6aﬁdlvolbe %g §ﬁé bh§
-4- dodecene ofyify@uPasa off u n sics
Edlt?on volune 15@%§0$$ g¥§s 18%2 5cTilsc %sgs copoFﬁﬁégssg?a ™ $PBne” and
nor bonene deHRﬂ%ﬁd§e§aﬁa@Pﬁ§1Myh&npbtﬁééﬁdnbyalfpropuampbe' fedtting of

this docunent Vﬁm\gﬁwatﬁoaQEbﬁBls(?f oet bbb@new%ﬂt F01bRY, 1 ol e% of
pol yneri zed units~deriv ound as fodmul a éh (named

c
oct ahy- drodlnethanonapﬁPﬁgFggé Pﬁg?HPEIHBgBH@nF?mp?ﬁﬁﬁﬁ pRedhkpgekher at es
that this copelighetheayaaali¢um- compwantenatenpenpoahdsereprdsSérted by

;&fafofﬁgygg;?hgeﬁgé%gﬁgdrOéﬁggéeRprhfk a:; WRLELENCR® ngggsgngtaln onl'y
hydrocarbon group, preferably an aliphatic, aromatic or
alicyclic hydrocarbon group having 1 to 20 carbon atoms,
especially 1 to 10 carbon atoms, X' represents a halogen
atom, especially fluorine, chlorine or bromine, and m is a
number represented by 0<m<3. Halogen-containing organo-
aluminum compounds of the above formula in which m has an
average value represented by léméz, particularly 1.2ém§l.8,

are preferred. Specific examples of these organoaluminum

compounds are trialkyl aluminums such as triethyl aluminum,
triisopropyl aluminum, triisobutyl aluminum, tri(n-propyl)
aluminum and tri(n-butyl) aluminum; dialkyl aluminum mono-
halides such as diethyl aluminum monochloride, diethyl
aluminum monobromide, diisopropyl aluminum monochloride,
diisopropyl aluminum monobromide, di(n-propyl) aluminum
monochloride, di(isobutyl) aluminum monochloride, di(n-
butyl) aluminum monochloride, di(sec-butyl) aluminum mono-
chloride, di(n-pentyl) aluminum monochloride and dioctyl
aluminum monochloride; alkyl aluminﬁm sesquihalides such as
ethyl aluminum sesquichloride, isopropyl aluminum sesqui-
chloride, n-propyl aluminum sesquichloride, n-butyl
aluminum sesquichloride, n-pentyl aluminum sesquichloride
and n-octyl aluminum sesquichloride; and alkyl aluminum
dihalides such as ethyl aluminum dichloride, ethyl aluminum
dibromide, isopropyl aluminum dichloride, isopropyl
aluminum dibromide, n-propyl aluminum dichloride, n-propyl
aluminum dibromide, n-butyl aluminum dichloride, isobutyl
aluminum dichloride, sec-butyl aluminum dichloride, n-
pentyl aluminum dichloride and n-octyl aluminum dichloride.
Mixtures of these may also be used. ‘
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anonapht hal ene have a glass transition tenperature of about 15[ err]C at the
hi ghest. They strongly exhibit a rubbery nature and have poor heat
resi stance and nechani cal properties. US- A- 4195011 B4i8i SieArGSEAS tREEN
nmodi fi cation of ethylene-a -ol efin-nonconjugated diene el ggbpgery ¢ poliyners
with a sterically hindering unhal ogenated nono- ol ef i r—woReer—The—rodi fi ed
polyners are used as tyre treads. -US-1A-3494897 di scl oses copol yners of
et hyl ene and bi cycl o 2. Thl] dagfio 2ferheMirganvaluiinumn cohgopaldy ger ¢hai n

excel | ent ¢ r aapAom, oompsands 1R, SRR OE s, Hedé ResHen8R i EeCTy oo,
heat agi ng redisstadnde®asthdni galefarabdyl nott mogsi thanc80,deepectinildy
properties an(bgml?alfrw@erttoi 9%.

_ The copolymerization is carried out in a hydro-
carbon solvent. Examples of the solvent include aliphatic
hydrocarbons having 5 to 15 carbon atoms such as pentane,
hexane, heptane, octane and kerosene; alicyclic hydro-
carbons having 5 to 15 carbon atoms such as cyclopentane
and cyclohexane; and aromatic hydrocarbons having 6 to 15
carbon atoms such as benzene, toluene and xylene. These

solvents may be used singly or in combination.

Preferably, the copolymerization is carried out
such that the concentration of the vanadium compound in the
reaction medium is from 0.05 to 20 millimoles/liter, pre-
ferably 0.1 to 10 millimoles/liter. The organocaluminum
compounds is used in such a concentration that the aAl/V
mole ratio becomes at least 1, preferably not more than 30,
especially preferably from 2 to 20.

The ratio of ethylene to the compound of formula
(1) varies according to the composition of the desired
copolymer, the type of the reaction medium, the poly-
merization temperature, etc. Generally, the mole ratio of
ethylene to the compound of formula (1) is adjusted to
100:1 to 1:100, preferably 50:1 to 1:50.

The polymerization temperature is from -50 to
100°C, preferably from -30 to 80°C. The polymerization
pressure is maintained generally at 0 to 50 kg/cmz, pre-
ferably at 0 to 20 kg/cmz. The molecular weight of the
polymer may be controlled by using a molecular controlling
agent such as hydrogen as required.

" As a result, the process of this invention gives
the random copolymer of this invention in which the mole
ratio of polymerized units from the 1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a~octahydronaphthalene of formula (1)

13

to polymerized units from ethylene (measured by ~~ C-NMR
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such as rigidity. The invention accordingly provides a random copol ymer,
characterlsed in that (A) It consists essentially of (I) polynerized

units derived fromat |east one 1 ,4,5,8-dinethano-1 2,3,.4,.4a,5.8 Rn-—
oct ahydr onaphl hal ene represented by the fornmula (1) THIS SHEET HAS BEEN
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analysis) is in the range of from 3:97 to 95:5. Preferably,
the above mole ratio is from 5:95 to 80:20, more preferably
from 10:90 to 80:20. ,

The compound of formula (1) is incorporated into
the chain of the random copolymer of the invention as
polymerized units of the following formula (2)

wherein R1 and R2 are as defined hereinabove. The random
copolymers of the invention, therefore, have an iodine
number of usually not more than 5, -and most of them have an
iodine number of not more than 2. The random copolymers of
this invention have an intrinsic viscosity [n], measured in
decalin at 135°C, of preferably 0.005 to 20 dl/g, more
preferably 0.01 to 15 dl/g, especially preferably 0.05 to
10 d1/g.

The novel random copolymers of this invention are
generally amorphous or of low crystallinity. Preferably,
they are amorphous. Accordingly, they have good trans-
parency. Generally, these copolymers have a crystallinity,
determined by X-ray diffraction, of not more than 40%,
preferably not more than 25%. _ _

The copolymer of the invention has a melting

point, determined by a differential scanning calorimeter

(DSC), of not more than 135° C, preferably not more than
128°¢.

The superior heat resistance of the novel random
copolymer of this invention can also be substantiated by
its high glass transition temperature. Specifically, the
novel random copblymer of the invention has a glass tran-
sition temperature (Tg), measured by a dynamic mechanical
analyzer, of at least 25 C, preferably 30 to 220 C, more
preferably 80 to 200 °c.

This Sheet Hag
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each represents a hydrogen atom a hal ogen atom or an al kyl
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The random copolymer of this invention has a
density, determined by the density gradient tube method in
accordance with ASTM D1505, of usually at least about 0.86
g/cm3, preferably 0.94 to 1.30 g/cm3, especially preferably
0.96 to 1.10 g/cm3.

The random copolymer of this invention also has
excellent electrical properties, and for example, has a
dielectric constant, measured at 1 KHz, of 1.5 to 4.0,
above all 1.7 to 2.6.

Novel random copolymers of this invention in
which the mole ratio of the polymerized units from the
1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene to
the polymerized units from ethylene is from 10:90 to 90:10,
preferably from 15:85 to 80:20 (measured by 13C-NMR ana-
lysis), and which have an intrinsic viscosity, measured in
decalin at 135°C, of 0.3 to 15 dl/g, preferably 0.5 to 10
dl/g, a crystallinity, determined by X-ray diffraction, of
not more than 25%, preferably not more than 10%, and a
melting point, measured by a differential scanning calori-
meter, of not more than 128°c, preferably not more than
100°C, and a glass transition temperature measured by a
dynamic mechanical analyzer (DMA) made by Du Pont of at
least 80°C, preferably 100 to 220°C. have excellent
transparency, processability, heat resistance, heat aging
resistance, chemical and solvent resistance, dielectric
properties and mechanical properties such as rigidity.
Accordingly, these copolymers can be used as a transparent
resin in various fields including an optical field as
optical lenses, optical disks, optical fibers and window-
panes, an electrical field as water tanks for electric
irons, articles used for electronic ovens, substrates for
liquid crystal display, substrates for printed circuit
boards, substrates for high frequency circuits, and
transparent electrically conductive sheets or films,
medical and chemical fields as injection syringes, pipettes
and animal gauges, and in other fields as camera bodies,



group, or Rlerr] and Rlerr] may be bonded to each other to forma

trimet hyl ene
which R err]

group or a group represented by the formul a [err] I n
and Rlerr] are the same or different and_each represents a
hydrogen atom a hal ogen atom or an al kyl group (T} gMkynerd zedyynits
derived fromethylene and (iii) polynerized units derlvedB Fﬁgkﬂt_rea t one
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5, 8,.8a- oct ahydr onapht ha-
random copolymers %f this invention in

hano-l,Z,SN%vgi,
which the mole ratio of the polymerized units from the
1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene to
the polymerized units from ethylene is from 10:90 to 90:10,
preferably from 15:85 to 80:20 (measured by 13C-NMR ana-
lysis), and which have an intrinsic viscosity, measured in
decalin at 135°C, of 0.005 to 0.3 dl/g, preferably 0.01 to
0.3 di/qg, especially preferably 0.05 to 0.2 dl/g, a crys-
tallinity, determined by X-ray diffraction, of not more
than 25%, preferably not more than 10%, a melting point,
measured by a differential scanning calorimeter, of not
more than 128°C, preferably not more than 100°C, a glass
transition temperature measured by a dynamic mechanical
analyzer (DMA) made by Du Pont of at least 80°C, preferably
100 to 220°C, and a viscosity at 280°C'of 100 to 2 x 105
centipoises, preferably 100 to 2 x 104 centipoises are of
relatively low molecular weight and have excellent trans-
parency, heat resistance, heat aging resistance, dielectric
properties and chemical and solvent resistance. Hence,
they are useful as synthetic waxes in various applications.
For example, these low-molecular-weight random copolymers:
of the invention can find extensive use as candles, im-
pregnating agents for matchwood, paper- processing agents,
sizing agents, rubber antioxidants, waterproofing agents
for cardboards, retarders for chemical fertilizers, heat
accumulating agents, ceramic binders, electric insulations
for paper condensers and electric wires and cables, neutron
decelerating agents, textile processing aids, water-repel-
ling agents for building materials, protecting agents for
coatings, calendering agents, thixotropy imparting agents,
hardness imparting agents for the cores of pencils and
crayons, substrates for carbon ink, electrophotographic
toners, lubricants for molding of synthetic resins, mold
mold releasing agents, resin coloring agents, hot-melt
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| ene to pol yneri zed units derived fromethylene is from3:97 to 95:5,

preferably from5:95 to 80: 20, (B') the nole ratio of polynerized units
derived fromthe at | east one al pha-olefin and/or cycl ih_to the polym
erized units fromthe THIS SHEET h "

1, 4,5, 8-di net hano-1, 2, 3, 4, 4a, 5, 8, 8a- oct dr onapht hal ehe is @ﬁ? Qﬁ %ﬁ%

20 80 preferably from90: 10 to 30: 70, and (C)“the-;m__yw'

, 4,5, 8-di et hafthesives 4 and 3w rdsaddnghgaeasesht hal ene is |ncorporate in
the pol yner chain as POINGVel randon? SopdlymersCRECERR! §hvRKti8h ™ hawhdbn

the mole ratio of the polymerized units from the 1,4,5,8-
dimethano-1,2,3,4,4a,5,8,8a~octahydronaphthalene to the
5 polymerized unit from ethylene is from 3:97 to 20:80,

preferably from 5:95 to 10:90 (measured by 13C-NMR ana-
lysis), and which have an intrinsic viscosity, measured in
decalin at 135°C, of 0.3 to 20 dl1/g, preferably 1.0 to 20
dl/g, especially preferably 2 to 15 dl/g, a crystallinity,

10 determined by X-ray diffraction, of not more than 10%,
preferably not more than 5%, a melting point, measured by a
differential scanning calorimeter of hot more than 128°C,
preferably not more than 100°C, and a glass transition
temperature by DMA of 25 to 100°C, preferably 30 to 80°C,

15 have excellent shape memorizing property and antivibration
property in addition to excellent transparency, heat re-
sistance, chemical and solvent resistance, electrical
properties, optical properties and moldability, and show
leather properties. Accordingly, they are useful as shape

20 memorizing polymers and antivibration material.

According to this invention, there is also
provided, as a copolymer having similar properties to the
above random copolymers, a multi-component random copolymer
which contains the polymerized units from the compound of

25 formula (1) and ethylene and also polymerized units derived
from at least one compound selected from the group consist-
ing of alpha-olefins having at least 3 carbon atoms and
cycloolefins.

The multi-component random copolymer of this

30 invention is characterized in that

(A) it is composed of at least one 1,4,5,8-di-
methano-1,2,3,4,4a,5,8,8a-octahydronaphthalene of formula
(1), ethylene and at least one compound selected from the
group consisting of alpha-olefins having at least 3 carbon

35 atoms and cycloolefins,

(B) the mole ratio of polymerized units from the
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LI




wherein R err] and R err] are as defined above. The present invention
al so provides a process for producing a random copolyner as defined above

whi'ch com prises copolynerizing a nononer mxture c S SE ally
of ethylenep at Ieasf one al pha-olefin of at least 3 t@Pb%wtgf ilghﬁlor a
cyclool efin, and at |east one 1 ,4.5,8-dimethano-1 REPLﬁﬁ

,2,3,4,4a,5, 8, 8a- octahydronaphthalene “ofl6f or- nul a (1) in a hydrocarbon
medi um i n the1pﬂe§eﬁedxméthane%hb2s3 fonapl, 8;Ba+actanydr6ﬁhphthanéﬂ€10r

zi rconium co o] npeun S le in
t he hydrocarggﬁpﬁgggﬂ%?gﬁ 9@9 ?kggggkﬁglgﬁe gg grgm SNgZ ?3 ?% g
kg/ cnp) . The presenKBlhvthE|leeuraheo pfopoliymeshapddunits cfremodta
rando”‘COpO'yﬁ%ﬁsﬁsoﬂﬁfbaﬁgoﬁﬁﬁvgglecteahfé?gnggﬁtﬂang cons1st1ng of

1,4,5, 8-dj net hano-1, 2 a- octahg
tetracycld[ 6, alpharelefinsehpyingqatetenst asearbﬁntﬂtgmsn%ﬂwmlvs
represented bylefenabesether pulométized units from the 1,4,5,8-di-
methano-1,2,3,4,4a,5,8,8a-octahydronaphthalene is from 95:5
to 20:80, and
(C) the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-

10 octahydronaphthalene is incorporated in the polymer chain

as polymerized units represented by the following formula

(2)
Ry
----- (2)

2

wherein R1 and R2 are as defined hereinabove.

15 The multi-component random copolymer of this
invention is produced by copolymerizing the 1,4,5,8-di-
methano-1,2,3,4,4a,5,8.8a-octahydronaphthalene of formula
(1), ethylene and at least one compound selected from the
group consisting of alpha-olefins having at least 3 carbon

20 atoms and cycloolefins in a hydrocrbon medium in the pre-
sence of a catalyst formed from a vanadium compound and an
organoaluminum compound.

The alpha-olefins having at least 3 carbon atoms
may be linear or branched, and preferably contain 3 to 12

25 carbon atoms, especially 3 to 6 carbon atoms. Examples
include propylene, isobutene, l-butene, 3-methyl-l-butene,
l-pentene, 3-methyl-l-pentene, 4-methyl-l-pentene, 1l-
hexene, l-octene, l-decene and l-dodecene.

It should be understood that the term "cyclo-

30 olefins"” broadly includes not only cycloolefins in the
ordinary sense of the word, but also styrene and styrene
derivatives and unsaturated polycyclic hydrocarbon com-
pounds. Specific examples of the cycloolefins include
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Exanpl es of the halogen atomfor R err] to Rerr] are fluorine, chlorine
and brom ne. The al kyl group for Rlerr] to Rerr] may be |linear or
branched, and preferably has 1 to 20 carbon atons, particularly 1 to 10

car bon

I sopropyl, n-butyl, iso-butyl, sec-butyl

octyl,

Pl it I

2,3, 4,

5, 8-d
5, 8-d
5, 8-di
5, 8-di
5, 8-di
5, 8-d

atons. Exanples of the al kyl group include nethyl, ethyl, n-propyl,
t-butyl, pentyl, hexyl, heptyl,
nonyl and decyl . Exanpl es of 1%e‘1,4,5,8-dinethano-1

4a, 5, 8, épebobatigne pneptl dpéretrenef dyeloHexdrsd, i3\0i-+tdimethyl-l

| ot hapgeTopéntiedle 3 It AT A AN IED 160 Gikeny buey TR

i met Eaﬂbclli;hzx?bz, ggraesa mlzmr}mﬁmﬁt%%m norbomlyl 1

| met NagQe Byl Korbdr fgyinorbo -

| Bot haAo3 iaé?a—ﬁeﬁaam?@rég’ ydm%”a \nfieng and #ieary-
3a,5,6,7a-tetrahydro~4,7-methano-l1H-indene. Of these,

cycloolefins having a norbornene ring, such as norbornene,
5-methyl-2-norbornene, 5-ethyl-2-norbornene, and 5-iso-
butyl-2-norbornene, are preferred.

10 Examples of the vanadium compound and the
organoaluminum compound which may be used as another com-
ponent of the catalyst are the same as those given here-
inabove.

The copolymerization is carried out in the

15 aforesaid hydrocarbon medium. When the vanadium
compound and the organoaluminum compound are used as the
catalyst, the concentration of the former is adjusted to
0.01 to 50 millimoles/liter, preferably 0.01 to 10 milli-
moles/liter, and the concentration of the latter is ad-

20 justed such that the Al/V mole ratio is at least 2,
preferably not more than 50, especially preferably 3 to 20.
The vanadium-type catalyst is preferred for use in this
invention.

In view of the properties of the final random

25 copolymer or multicomponent'random copolymer, the use
of the catalyst composed of a vanadium compound and an
organcaluminum compound is preferred in this invention.

If desired, however, the vanadium compound in the catalyst
may be replaced by a titanium or virconium compound.

30 The ratio of the monomers charged varies accord-
ing to the composition of the desired multi-component
random copolymer, the type of the reaction medium, the
polymerization temperature and pressure, and the type of
the catalyst. Generally, the mole ratio of ethylene to the

35 compound of formula (1) in the reaction medium is adjusted
to 1:100 to 100:1, preferably 1:50 to 50:1. The mole ratio
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cyl-1 ,4,5,8-dinmethano-1 , 2, 3,4, 4a,5, 8, 8a-oct ahydr onapht hal ene,
di net hyl -

di et hyl -
4, 4a, 5, 8, 8a- oct ahydr onapht hal ene, 2- met hyl - 3} et hylgg
8- di net hano- 1, 2, 3,4,4a,5,8,8a-oq}3§yQyonaphtha

1,4,5, 8-di net hano-1, 2, 3, 4, 4a, 5, 8, 8a-oct a
3-ethyl-1 ,4,5, 8-di nethano-1

of the compound selected from the group consisting of
alpha-olefins having at least 3 carbon atoms and cyclo-
olefins to the compound of formula (1) is adjusted to 100:1
to 1:100, preferably 10:1 to 1:50.

The polymerization temperature is from -30 to
80°C, and the polymerization pressure is maintained at 0
to 100 kg/cmz, preferably at 0 to 50 kg/cmz. A molecular
weight controlling agent such as hydrogen may be added to
control the molecular weight of the copolymer.

As a result, the above process of this invention
gives the multi-component random copolymer of this inven-
tion in which the mole ratio of the polymerized units from
the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphtha-
lene of formula (1) to the polymerized units from ethylene
is in the range of from 3:97 to 95:5, preferably from 5:95
to 80:20, and the mole ratio of the polymerized units from
at least one compound selected from alpha-olefins having at
least 3 carbon atoms and cycloolefins to the polymerized
units from the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octa-
hydronaphthalene is in the range of from 95:5 to 20:80,
preferably from 90:10 to 30:70.

The compound of formula (1) is incorporated in
the chain of the multi-component random copolymer of this
invention as the polymerized units represented by formula
(2). Accordingly, the multi-component random copolymers of
this invention also have an iodine number of usually not
more than 5, and many of them have an iodine number of not
more than 1.

The multi-component random copolymer of this

~ invention has an intrinsic viscosity, measured in decalin

at 135°C, of 0.005 to 20 dl/g, preferably 0.01 to 15 dl/g.
The multi-component random copolymer of this
invention is generally amorphous or of low crystallinity;
and preferably it is amorphous. Accordingly, it has good
transparency. Generally, it has a crystallinity, deter-
mined by X-ray diffraction, of not more than 40%, prefer-
ably not more than 25%. e
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-4 - 2-chloro- 1 ,4,5 ,8-dinethano- 1,2, 3,4,4a, 5 8, 8a

oct ahydr onapht hal ene, 2-bronmo- 1 ,4,5, 8- dlnethano 4h3 ﬁr P

5, 8, 8a- oct ahydr onapht hal ene, 2-fluoro- 1.4, 5, 8-di {ﬂ&nﬁ *1 ﬁ BEEN
, 2,3,4,4a,5, 8, 8a- oct ahydr onapht hal ene, 2-cycl ohexylk_1, 4FEf8APED

-di met hano-- 1, 2, 3,4, 4a,5, 8, 8a-oct ahydr onapht hal ene, 2- |sobuty| T

4,5, 8-di nethano- 1,2,3, 4,4a,5,8,8a-oCt Aflydr onapht hal ene,
3-di chl oro-1 , 4, 5, 8- di methengullt i2cémgorén®. &WQEMWF&E h:’:l{@ne

12-ethy|-hexac¥g$8£gigh1hléerr$éf{fﬁé po{err]dg§g¥£¥¥25”§3 differential
scanning calorlmeter, of not more than 135 C, preferably
not more than 128°c. _

5 The superior heat resistance of the multi-com-
ponent random copolymer of this invention is substantiated
also by its high glass transition temperature. When measu-
red by a dynamic Giscoelasticity meter (DMA), the glass
transition témperature (Tg) of the multi-component random

10 copolymer of this invention is usually at least 2°C, mostly
30 to 220°C, especially 80 to 200°C. ‘
| The heat decomposition temperature of the multi-
component random copolymer of this invention is usually in
the range of 350 to 420°C, mostly in the range of 370 to
15 400°C. The heat decomposition temperature is the tem-
perature at which weight loss begins when the sample is
heated at a rate of 10°C/min. in a stream of nitrogen by a
thermobalance (TGA made by Rigaku Denki Co., Ltd.).
The multi-component random copolymer of this
20 invention has a flexural modulus of usually in the range of
1x 104 to 3 x 104 kg/cmz, and a flexural yield strength of
usually 300 to 1500 kg/cmZ.
It also has a density, determined by the density
gradient tube method in accordance with ASTM D1505, of
25  usually at least about 0.86 g/cm>, for example 0.86 to 1.10
g/cm3, and mostly 0.88 to 1.08 g/cm3, and a refractive
index, determined by ASTM D542, of 1.47 to 1.58, mostly
1.48 to 1.56. It is substantially amorphous, and its haze,
determined by ASTM D1003, is usually not more than 20%,
30 mostly not more than 10%.
Furthermore, the multi- component random copolymer
of this invention has a dielectric constant of 1.5 to 4.0,
mostly 1.7 to 2.6, and a dielectric tangent of 5 x 10”3 to
5 x 1072, mostly 3 x 10”2 to 9 x 107>, when they are meas-
35 ured in accordance with ASTM D150 at 1 KHz. It also has
excellent chemical resistance and undergoes substantially
no change when exposed to acids or alkalles.

This Sheet Has Been Replaced
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properties of these multi-component random copolymers to
5 their uses is the same as that described above for the

random copolymer.

The novel random copolymers or multi-component
random copolymers in accordance with this invention are
molded by known methods. For example, they can be ex-

10 trusion-molded, injection-molded, blow-molded, or rota-
tionally molded by using, for example, a vent-type ex-
truder, a twin-screw extruder, a conical twin-screw ex-
truder, a Cokneader, a plsticator, a mixtruder, a twin
conical screw extruder, a planetary screw exrtruder, a

15 gear—~type extruder, a screwless extruder, etc. In the
molding process, known additives such as heat stabilizers,
light stabilizers, antistatic agents, slip agents, anti-
blocking agents, antihaze agents, lubricants, inorganic and
organic fillers, dyes and pigments may be used as required.

20 Phenolic or sulfur-type antioxidants may be cited
as examples of such additives. The phenolic antioxidants
include, for example, phenols such as 2,6-di-tert-butyl-
p-cresol, stearyl (3,3,-dimethyl-4-hydroxybenzyl)thio-
glycolate, stearyl beta-(4-hydroxy-3,5-di-tert-butyl-

25  phenol)propionate, distearyl 3,5-di-tert-butyl-4-hydroxy-
benzyl phosphate, 2,4,6-tris(3',5'~di-tert-butyl-4'-hydroxy-
benzylthio)-1,3,5-triazine, distearyl (4-hydroxy-3-methyl-
5-tert-butylbenzyl)malonate, 2,2'-methylenebis(4-methyl-
6-tert-butylphenol), 4,4'-methylenebis(2,6-di-tert-butyl-

30 phenol), 2,2'-methylenebis([6-(1-methylcyclohexyl)p-cresol],
bis[3,5~bis[4-hydroxy-3-tert-butylphenyl)butyric acid]
glycol ester, 4,4'-butylidenebis(6-tert-butyl-m-cresol),
1,1,3-tris(2-methyl-4~-hydroxy-5-tert-butylphenyl)butene,
bis[2-tert-butyl-4-methyl-6-(2-hydroxy-3-tert-butyl-

35 S5-methylbenzyl)phenyl] terephthalate, 1,3,5-tris(2,6-
di-methyl-3-hydroxy-4-tert-butyl)benzyl isocyanurate,
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wherein Rlerr] and Rlerr] are as defined above, and preferably represent an
al kyl group having 1 to 10 carbon atons, especially 1jfﬁg gannoﬂ -at-Q

are preferred. The conpound of forrmula (1) can b prod d, HADBEEY
exanpl e, by subjecting the correspondi ng norbonene an é taﬂlene 0 a
Di el s- Al der reaction. According to the process of thls i NVen he
mononmers are copol ynerized in a hydrocardbr solvent in the pres- ence of a

an or yanoal umln?i’&%‘??r%?o?ﬁ?Ja‘%??éfzﬂmﬁ‘”4{"°39."f‘“@ A hearbor aoLyent
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VCi[err], VBr [kﬁfd:]oxy#ﬁe[mr)] paopi\diaterlme thanedi A3 ,5xynabi(de5-di-tert-
butyl-4-hydroxybenzyl) isocyanurate, 1,3,5-tris[(3,5-di-

5 tert-butyl-4-hydroxyphenyl)propionyloxyethyl] isocyanurate,
2-octylthio-4,6-di (4-hydroxy-3,5-di-tert-butyl) phenoxy-
1,3,5-triazine and 4,4'-thiobis(6-tert-butyl-m-cresol);
and polyhydric phenol/carbonic acid oligoesters such as
carbonic. acid oligoesters (for example, having a degree of

10 polymerization of 2, 3, 4, 5, 6, 7, 8, 9, 10) of 4,4'-
butylidenebis (2-tert-butyl-5-methylphenol).

Examples of the sulfur-type antioxidant include
dialkyl thiodipropionates such as dilauryl, dimyristyl or
distearyl thiodipropionate, and esters (such as pentaery-

15 thritol tetralaurylthiopropionate) formed between alkyl-
thiopropionic acids such as butyl-, octyl-, lauryl- or
stearylthiopropionic acid and polyhydric alcohols (such as
glycerol, trimethylolethane, trimethylolpropane, pentary-
thr1tol or tris-hydroxyethyl dllsocyanurate)

20 Phosphorous-containing compounds may also be in-
corporated. Examples include trioctyl phosphite, trilauryl
phosphite, tridecyl phosphite, octyldiphenyl phosphite,
tris(2,4-di-tert-butylphenyl) phosphite, triphenyl phos-
phite, tris(butoxyethyl) phosphite, tris(nonylphenyl)

25 phosphite, distearyl pentaerythritol diphosphite, tetra-
(tridecyl)-1,1,3~tris(2-methyl-5-tert-butyl-4-hydroxy-
phenyl)butane diphosphite, tetra(Clz-C15 mixed alkyl)-
4,4'-isopropylidenediphenyl diphosphite, tetra(tridecyl)-
4,4'-butylidenebis (3-methyl-6-tert-butylphenol) diphos-

30 phite, tris(3,5-di-tert-butyl-4-hydroxyphenyl) phosphite,
tris(mono-di-mixed nonylphenyl) phosphite, hydrogenated
4,4'-isopropylidene diphenol polyphosphite, bis(octyl-
phenyl) .bis[4,4'-butylidenebis(3-methyl-6-tert- butyl-
phenol)].1,6-hexanediol diphosphite, phenyl-4,4'-iso-

35 propylidenediphenol-pentaerythritol diphosphite, bis-
(2,4-di-tert-butylpheny1)pentaerythritol diphosphite,
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such as VOCl[err], VOBr[err], VOCO[err] and VOBr[err]; and vanadi um
conpounds of fornula VC(CR)[err]X[er] wherein R repres Era ydracar bon
group, X represents a hal ogen, and n is a nunber such &nﬂeHA$33
these the vanadi um oxyhal i des and the conpounds of forfmula PEPLACED

VO OR)[err]X[err] are pref erred. In the conpounds of formi

VO OR)[err] X[err]R is an generally an-aRkphatic, alicyclic or aromatic

hyd b 20,
pleferably 1 to b 2@“@?‘??‘ Q‘?ﬁ%’fﬂ “*ﬁ‘f“ léwg{z‘mc‘;a‘r’? torrﬂgéd'llhédltﬁgnber
i's such that PRASRRif a%1y1%$ﬁﬁ Dk ideneb s (gan thutsdahanal )

>

bhegg}yanadlv DU@EF MA X3 &6 j)éﬂdgﬁﬁﬂte)ﬂailﬂﬂ 'ﬁﬂanyl)—
I

xg 8(0:[[ er | E% epropy] krphospiil €&y ot 74 *?Haﬁﬁéﬂfdenémdmwﬂﬂmﬂfl Va0
err e

iso-Cerr]H eéﬁ%'&?yg\fg %‘gefi % eri i#—l%ﬁ{ﬁ{%dned' &j(]((acglqﬁﬁ eor-r] .

M xtures of tReesphap! tdasily be

obt ai ned by, f,@{% ﬁgﬁpjt abrf) Lepc.tﬁﬂghé{gj arid rdl ounét}”%mpl s, or VOCI 3 with

VO OR)[err] e organoalum nium co s. used together wth the
vanadi um conpounds are TRPEROGRR ¥k 59cP?nH%é&%QHWQQHQHXﬁQHmQMﬂﬂ%ﬂq?Q?V'

represedils a ayivesasheln @ lpha+ fsewdt y qaired+ 1Al idel ti-4G¥dpherols
oralicyclic hgg Ofif% uregrcﬁgkeof, a 2,5-dimethyl-substitution product,
2,5,8-trimethyl-substituted product or 2,5,7,8-tetramethyl-
substituted product of 2-(4-methyl-pent-3-eny)-6-hydroxy-
coumarone, 2,2,7-trimethyl-5-tert-butyl-6-hydroxycoumarone,
15 2,2,5-trimethyl-7-tert-butyl-6-hydroxycoumarone, 2,2,5-
trimethyl-6-tert-butyl-6-hydroxycoumarone, and 2,2-di-
methyl-5-tert-butyl-6-hydroxycoumarone.
It is also possible to incorporate a compound

represented by the general formula
20 MxAly(OH) 2x+3y-22 (A) z‘aHZO

wherein M represents Mg, CA or 2n, A is an anion
other than a hydroxyl anion, x, y and z are

. positive numbers, and a represents 0 or a posi-
tive number.

25 Examples of the compounds of the above formula are
MgAl, (OR) , -CO5 -4H,0,
Mg8A12(OH)20CO3-5HZO.
MgsAlz(OH)14CO3-4H20,
MgloAlz(OH)zz(C03)2-4H

30 Mg6A1 (OH)IGHP04‘4H20,
Ca6A12(0H)16C03-4H20,
Zn6A1 (0H)16C03'4H20,

Zn6A1 (OH)16804°4H20,
MgGAlz(OH)16804-4H20, and —
35 Mg Al, (OH) ; ,CO

207
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having.1l to 20 carbon atons, especially 1 to 10 carbon atons, X represents
a hal ogen atom especially fluorine, chlorine or bromne, and mis a nunber
such that O<nierr]3. Hal ogen-containing organoal um ni umg d 1@ R
above formula in which mhas an average value such tha T h.%ﬂg %ﬁﬁ*f
particularly 1.2[err]nferr]1.8, are preferred. Specifi i e
organoal um ni um conpounds are trial kyl= a3intni ums such as triethyl

al um nium tril sopropyl ﬁ{éke Ry Wsd 'Hd didd/ larldif 1Y 4@ant’ hakridigoRy! )
al um ni um and tr|( - but %ﬂalun1n|un1 miﬂ&ﬁ% al_um_ni u nohal i es such as
di ethyl al umi rf NeISkeh AR sH Hhﬁﬂi’a]rgg\b&é‘ YAy |
al um ni um nonca:ﬂm 3-+pitenyl + 4,00+ Dipyt -l iyl +2 e mau By anone asdldusqamd Yin

a1 or it um mofte T 188 O AaRRd R SHN SR, datertodd

di (n-pent §l) Al 501 8I0ARB0 or | de and di octyl alumin- ium nonochloride;

al kyl al um ni um sesqui hahj cgf a&gti‘%hglé{{%ﬁ]}ﬂé&sqtﬂaméyl de,
i sopropyl al um nium ses- qulchl or ropyl a un1n|un1sequ|chIor|de
n-butyl ~al uni HpY@F exsEhen mhﬁn%es Eyeth gT Xpmémekhewbenzes and

n-octyl “alum npm&xeémqw&mﬁm%@w mérwnév WZ'd-@ilﬁﬂd‘d’b:qs-

ethyl alunlnlunldlchlorlde X aIu di ron1de r o

al uni ni um di chIR¢ERe xlf‘%"b"b??%ﬁ R ﬁ' %%Sﬁp zﬂp%m ni um

dichlori ge, n- E@ﬁwb&rlazoles such as 2 (2'—hydroxy-3'-tert-butyl -51-
methylphenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-3',5'-
di-tert-butylphenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-
5'-methylphenyl)benzotriazole and 2-(2'-hydroxy-3',5'-
di-tert-amylphenyl)benzotriazole; benzoates such as phenyl

15 salicylate, p-tert-butylphenyl salicylate, 2,4-di-tert-
butylphenyl-3,5-di-tert-butyl-4-hydroxybenzoate and hexa-
decyl-3,5-di-tert-butyl-4-hydroxybenzoate; nickel compounds
such as 2,2'-thiobis(4-tert-octylphenol) nickel salt, '
[2,2'-thiobis(4-tert-octylphenolate)]-n-butylamine nickel

20 salt and (3,5-di-tert-butyl-4-hydroxybenzyl)phosphonic acid
monoethyl ester nickel salt; substituted acryloniriles such
as methyl alpha-cyano-beta-methyl-beta-(p-methoxyphenyl)-
acrylate; oxalic acid dianilides such as N'-2-ethylphenyl-
N-ethoxy-5-tert-butylphenyl oxalic acid diamide and N-2-

25 éthylphenyl-N'—2-ethoxyphenY1 oxalic acid diamide; and
hindered amine compounds such as bis(2,2,6,6-tetramethyl-
4-piperidine)sebacate, poly[(6-(1,1,3,3-tetramethylbutyl)-
imino)-1,3,5-triazine-2,4~diyl 4-(2,2,6,6-tetramethyl-
piperidyl)imino)hexamethylene] and a condensation product

30 of dimethyl succinate and 2-(4-hydroxy-2,2,6,6-tetra-
methyl-l-piperidyl)ethanol.

Examples of the lubricants include aliphatic
hydrocarbons such as paraffin wax, polyethylene wax and
polypropylene wax; higher fatty acids such as capric acid,

35 lauric acid, myristic acid, palmitic acid, margaric acid,
stearic acid, arachidic acid and behenic cid; metal salts
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al umi ni um di broni de, n-butyl al unini um dichl oride, I|sobhutyl aluninium

di chl ori de,
and n-octyl

5

10

15

20

25

30

35

sec-butyl alum niumdichloride, n- pentyluyal ugegi UnxditThori de
al um nium di chl oride. M xtures of thesgfna& gﬁé%A&ﬁiﬂéé ,
1 J

- 24 -
of higher fatty acids such as lithium, calcium, sodium,
magnesium and potassium salts of the above-exemplified
fatty acids; aliphatic alcohols such as palmityl alcohol,
cetyl alcohol and stearyl alcohol; aliphatic amides such as
.caproic amide, caprylic amide, capric amide, lauric amide,
myristic amide, palmitic amide and stearic amide; esters
formed between fatty acids and alcohols; and fluorine
compounds such as fluoroalkylcarboxylic acids metal salts
thereof, and metal salts of fluoroalkylsulfonic acids.

Examples of the fillers include inorganic or
organic fibrous fillers such as glass fibers, silver- or
aluminum-coated glass fibers, stainless steel fibers,
aluminum fibers, potassium titanate fibers, carbon fibers,
whiskers, Kevlaﬁg)fibers and superhigh elastic polyethylene
fibers; and inorganic or organic powdery, granular or flaky
fillers such as talc, calcium carbonate, magnesium hydr-
oxide, calcium oxide, magnesium sulfate, graphite, nickel
powder, silver powder, copper powder, carbon black, silver-
coated glass beads, aluminum-coated glass beads, aluminum.
flakes, stainless steel flakes and nickel-coated graphite.

The novel random copolymers of this invention may
be used as a blend wtih various known polymers. Examples
of such known polymers are shown below.

(A) Polymers derived from hydrocarbons having

1 or 2 unsaturated bonds

Polyolefins, such as polyethylene, polypropylene,
polyisobutylene, poly(methylbutene-1), poly(4-methyl-
pentene-1), poly(butene-1), polyisorpene, polybutadiene and
polystyrene, or crosslinked products thereof.

Copolymers of the monomers constituting the above
polymers with each other, such as ethylene/propylene co-
polymer,'propylene/butene-l copolymer, propylene/iso-
butylene copolymer, styrene/isobutylene copolymer, styrene/
butadiene copolymer, terpolymers of ethylene, propylene
and dienes such as hexadiene, bicyclopentadiene and 5-
ethylidene-2-norbornene, and terpolymers of ethylene,
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The copol ynerization is carried out in a hydrocarbon sol vent. Exanples of
the solvont include aliphatic hydrocar- bons having S to 15 carbon atons
such as pontano, hexano, heptane, octane and kerosene; alicycl
hydrocarbons having 5 to 15 carbon atons such as cyc ﬂ@gn e ARsl BEEN
cycl ohexano; and aromati c hydrocarbons having 6 ta 1 r%ﬁ-LﬂéﬂﬁE sugh as
benzene, toluene and xyl ene. These sotvéhts may be uged si gly '

combi nati on. butehBelNah@ Apeh€S ShchNassShégadiéflef r @IePel dpént Adisme0Ner s
in the randon1cang§ r oé the_,invention are nmeasured by [err] G NWR

anal ysi s. affle3c Eﬁ%ﬁﬁ eRe=25RAEPArRey is incorporated into the chain of
t he random copol yner ofBléndspvenafbedapopphgne)iand bhotls cdépdlymens ¢L£)
above. Th d Y S t ' tion, therefore, usually have
an iodine nu E%ggfsﬁ%ﬁﬂggéeﬁgiaﬁf%? Q%déggﬁé'of t hem have an i odi ne nunber
of not mdre than 1. The(BhnBahogemwotgnbatningtninyl npelymers preferably have

an intrinsic Polyvinyl chloride, polyvinylidene chloride,
polyvinyl fluoride, polychloroprene, and chlorinated
rubbers.

(C) Polymers derived from alpha,beta-unsaturated
10 carboxylic acids or the derivatives thereof
Polyacrylate, polymethacrylate, polyacrylamide,
and polyacrylonitrile.
Copolymers of the monomers constituting the
above-exemplified polymers with other copolymerizable
15 monomers, such as acrylonitrile/butadiene/styrene co-
polymer, acrylonitrile/styrene copolymer, and acrylo-
nitrile/styrene/acrylate copolymer.
(D) Polymers derived from unsaturated alcohols,
amines, acyl derivatives thereof, or acetals
20 Polyvinyl alcohol, polyvinyl acetate, polyvinyl
stearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl
butyral, polyallyl phthalate and polyallylmelamine.
Copolymers of the monomers constituting the
above-exemplified polymers with other copolymerizable
25 monomers, such as éthylene/vinyl acetate copolymer.
(E) Polymers derived from epoxides
Polyethylene oxide and polymer derived from
bisglycidyl ether.
(F) Polyacetals
30 Polyoxymethylene, polyoxyethylene, and polyoxy-
methylene containing ethylene oxide.
(G) Polyphenylene oxide
(H) polycarbonate
(I) Polysulfone
35 (J) Polyurethane and urea resins
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viscosity [err] measured in decalin at 1 35[err]C, of 0.005 to 20 dl/g,
nore preferably 0.01 to 15 dl/g. The novel random copolyners of this

i nvention are general ly anorphous or of low crystallinity. Preferably, they
are anorphous. Accordingly, they have good transpareng)g SEEaTeHAS |8EENtihese
copolyners have a crystallinity, determi ned by X-ray diffpgpagtgmpn, ofj not
nore than 40% preferably not nore t han285% The

invention has a nelting(Rpi pblysei@&si aed GYpsl famides edd i Bfed CRFGHM NY
calorinmeter (DSC), of not agre fhan 13 [$rr;(é Qrﬁéerabj%%not re than
128[err] C, or does not showPH3HEREP nFPoT hE2LPOXY RyA B ;ﬁﬂ?ﬁgks of this
i nvention in which the nol eamihocanborykipoaginds i gedthei ¢or fespordind
.4,5.8-di nethano- 1 ,2, 3,4, 2o ar§58a-octahydronaphthalene to the
polymerized units fromethylene 1s from1l 0:90 to 90:1 0, preferably from
15: 85 t0980: 20 (nmeasur eBybon[ &r rpYl oFS GnatykoN )11 anandnykomal2. an

intrinsic viscosity, Meggyrpgiyamf@cabély&ndes3dlerr]C of 0.3 to 15 d/g.
preferably 0.5 to 10 dVg,. a crystallinity, determned by X-ray diff

raction, of not nore thbil) 2BOAYSSERES AREiVRA Hipm dicarbemyligReidl ting
poi nt, neasured by a differgndid@labesidel $0asd/er | pd £6xy €d riity Tid ad i

128[err] C, preferably not npore _than 100[errlC a glass transition
tenperature neasured by a d?ﬁa'r'ﬁ'% %Eﬁ%#%%l'&%?@gé?ges

10 Polyethylene terephthalate, polybutylene tere-
phthalate and poly(l,4-dimethylolcyclohexane terephtha-
late).

(N) Crosslinked polymers derived from aldehydes
and phenols, urea or melamine

15 Phenol/formaldehyde resin, urea/formaldehyde
resin, and melamine/formaldehyde resin.

(0) Alkyd resins
Glycerin/phthalic acid resin.
(P) Unsaturated polyester resins derived from

20 copolyesters of saturated and unsaturated dicarboxylic
acids and polyhydric alcohols using vinyl compounds as
crosslinking agents, and halogen-containing modified resins
thereof.

(Q) Natural polymers _

25 Cellulose, rubber and protein, or derivatives
thereof, such as cellulose acetate, cellulose propionate,
cellulose acetate and cellulose ether.

When the copolymers of this invention are used as
synthetic waxes, they may, of course, be mixed with various

30 known waxes.

The random copolymers of this invention may be
used as a blend with each other.

The following examples illustrate the present
invention in more detail. It should be understood however

35 that the invention is not limited to these specific ex-
amples alone.
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(DMA) -made by Du Pont of at |least 80[err]C, preferably 100 to 220[err]C.
have excel |l ent transparency, processability heat resistance, heat aging
resi stance, chemi cal and solvent resistance, dielectric properties and
nmechani cal properties such as rigidity. Accordingly,

be used as a transparent resin in various fields inc H 86 |%&N |eId
as optical |enses, optical disks, opticdF fibers andiw ndoVRbABER,
electrical field as water tanks for eERAMPLE 1lrons, articles used TOF"

el ectroni ¢ ovens, substhagggfggélt gyigﬁfgyfiegrdégggg bléUPfééﬁI&%stV

printed circuit boar ds requen CITCul
t r anspar ent efg@tedcuntp goAticring ghaetsaogaslthWIhedinhetah@b%hem1cal

fields as '“J%ﬁhkﬁﬂgéiékngﬁa apBPsb%fﬁgafﬂnﬁél”Bénaaﬂﬂéﬁouﬁﬂﬂy'ﬁuP&

fields as canera_bodies, housings © rious measuring unents? fil ns,
sheets afd heW#ﬁPsnltr°geRandon1copolyners of this invention in which the

nmol e ratio of the pO'Y”BhéZEdtdﬁlbﬁ EéDﬁéhéedéhy&rétﬁddaﬂ&t@ﬁﬂ@d by
1,2.3,4,4a,5, i? ahgdronag g é gﬂ?¥ger|zed units from
ethylene is fP8 85 PLe¥8: Y8S B? f &P BI Br 85 to 80:20 (measured
by [err] G NWR analy5|s)Whahd nhtrogénveaanpaassednthrowghchei flaslasuzed i n
decalin at 135 0 1,40 Vg,
especially pr@%g?éhﬁ%gg gg 8§cbfggggfﬂgg%og§9£§ ??LM %ng %%t%r%fngd by X-
10 methyl-1,4,5, 8-d1methano-l 2,3, 4 r4a,5,8, 8a—octahydro-
naphthalene (to be abbreviated DMON hereinafter) were
introduced into the flask, and 20 millimoles of ethyl
aluminum sesquichloride, into the dropping funnel.
A gaseous mixture of dry ethylene (40 liters/hr)
15 and nitrogen (160 liters/hr) was passed through the flask
kept at 10°c for 10 minutes through the gas blowing inlet

tube.

The copolymerization reaction was started by

adding ethyl aluminum sesquichloride from the dropping
20 funnel, and carried out at 10°C for 30 minutes while
passing the above gaseous mixture.

The solution during the copolymerization reaction
was uniform and transparent, and no precipitation of the
copolymer was observed.

25 Methanol (10 ml) was added to the polymer solu-
tion to stop the copolymerization reaction.

After the stopping of the reaction, the polymer
solution was poured into a large amount of methanol to
precipitate the resulting copolymer. The precipitate was

30 washed with methanol and with acetone, dried in vacuo for
one day at 60°C to obtain 35 g of the copolymer.

The copolymer had an ethylene content, measured
by C-NMR analysis, of 60 mole%$, an intrinsic viscosity,
measured in decalin at 135°C, of 1.9, and an iodine number

35 of 1.0.

13

To measure its dynamical properties, the
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ray diffraction, of not nore than 25% preferably not nore than 10% a

mel ting point, neasured by a differential scanning cal ter, of not nDre
than 128[err]C, preferably not nore than 100[err]C, a gWLHS%'*L'E?’]*F/!gTB
tenperature neasured by a dynam ¢ mechani cal anal yzer {( DVA)

of .at least 80[err]C preferably 1 00 to 220[err] C - t at
280[err] C of 100 to 2 x 10[err] centipdA&es, preferably 100 to 2 X 10[ err]
centi poi ses acapollymext alaS/ehquaﬂNzrrrﬁoetsHeth\/\&IaMiMQarad thd\ek neseelofent and

transparency,, ty t st ance, .ectric. praperties
and cﬁem ca?/ an Jven@éggﬁeesstg;%?e 263I%z=,‘nce %[s gﬁg é:%l}lon ?nﬂﬁlsﬂ'& I C
waxes in var |qustfmﬁﬁ isheetdhshams thaednpioe sqart@ee:llm/bwolce:wltadsmmaght

random copol yeEdérwda ! hd R IRt had 0 %%i‘l\i%ﬂ&jre C%Qd RS
i npregnating g nts for matchwoo , paper procéssin |2|ng agents,

rubber ahtiox} RArengYe 43S HeARPIAse O ther 1c heetabieas hiege

chen}cal fEN;météMNih d&ﬁﬁrdﬁﬂﬁéﬂﬂﬁ€¥ m@a@g@ﬂhﬁs-gqra%h@ Qbﬂ%@r%o %b?Ctr'C

i nsul ati ons aper_.condens an ric wires neut ron

decel efati ng ﬁt , éaék%% 'ﬁg% o ?&FlgeﬁéFﬁpﬁﬁ aYEKEes f or

bui | di ng mat ene'&dts:ecbrmt el:dte rﬁgmgem:s:kf preseatthegt, inahecdedangeagdths,

t hi xot ropy i rmﬁ |[p£boag dswet}%r %rt lzng §g§%uskf 20 hs Gor es of
can 8 §Tg Yy

pencils and crayons rates el ectro phi ¢ toners,
| ubricals fok3 QfQR;mﬁrQ%BQQhﬂvethesﬂhs,g&asé transition temperature

Tg was found to be 130 °c by measuring the loss modulus E"
at a temperature elevating rate of 5°C/min. by a Dynamic
Mechanical Analyzer made by Du Pont, and determining Tg
from its peak temperature. To determine the melting point
15 Tm, the sample was heated at a rate of 10°C/min. in the
range of -120 to 400°c by DSC (990 type made by Du Pont).
The melting curve (peak) was not observed.
The dielectric constant and dielectric tangent
(tan 6) of the sample, measured at 1 KHz by a dielectric
20 loss measuring device made by Ando Electric Co., Ltd., were
1.9 and 9.1 x 1072, respectively.
To examine the chemical resistance of the sample,

Ol’lt

the press-formed sheet was immersed at room temperature in
sulfuric acid (97%), aqueous ammonia (20%), acetone, and
25 ethyl acetate for 20 hours, and then its appearance was
observed. There was no change in color, reduction in
transparency, deformation, dissolution, nor cracking.
Table 3 given below shows the heat decomposition
temperature, dielectric constant and density of the co-
30 polymer obtained in this example.
'EXAMPLES 2-10
The copolymerization reaction conditions were
changed as shown in Table 1. Otherwise, the same operation
as in Example 1 was performed. The conditions and the
35 results are shown in Tables 1 to 3.

—————
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mol d rel easi ng agents, resin coloring agents, hot-nelt adhesives, and

| ubricating greases. Novel random copol ynmers of the invention In which

the nole ratio of the polynerized units fromthe 1 ,4}%y .

ano-1, 2, 3, 4, 4a. 5, 8, 8a- oct ahydr onapht hal ene to the pol neggghﬂpfﬁﬁé BREY

ethylene is from3:97 to 20:80, preferably from5:95 10- 9L eeRsur e by

[err] C-NMA anal ysis), and whi ch have an2?ntrinsic viscosity, measured 1n

decalin at 135[err] C, ESAMBLBSt 11202 JAND ﬁ@uPbRmeVElEXAMELROLdI/g,

especial ly preferably 2gkamp18 i“{zss ?e?é 1511' éké‘éﬁef tHEt & BaEhpPy X-ray
er

diffraction, of not nore than 1 pore than 5% a nelting

poi nt, neasur £4agk HaﬁlFFéﬁehPFEFa%caﬁthﬁ %aib??he$¥ﬁs¥ﬁ the areWn% han
128[ err] C, prefetabugnsowasvcRahed £06helr]keneo 250 ags, tdmdStié Of ow

xcell ont <habBChofr ! ?ﬂégp%ﬁﬁé 09 ERaRat 0\ TErSR e proptd (LA5er a1 i on

to excel | ent ThenspaukhsyaréeshowmsistBabkeschetdochl and sol vent

resi stance, electrical properties, optical properties and noldability, and
show | eat her properties. Accordingly, they are useful as shape nenorizing
polyners and antivi- bration nmaterial. The al pha-ol efins having at

| east 3 carbon atons naki ng up nononer conponent (ii1) may be linear or

br anched,
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Table 1 T
Example Catalyst DMON | Ethylene | Polymeri- Amount of
(g9) | gas zation the copolymer
VD(OEt)Cl2 Et3A12C1 (2/hr) tem€sé?ture yiel?e?
(mmoles) (mmoles) S
1 2 20 30t | 40 10 35
2 " " " 20 " 28
3 " " " 30 " 32
4 5 50 40 100 " 45
5 " " " 40 " 38
6 0.5 5 30 20 " 16
7 " " " 50 " 33
8 2 20 302 | 40 " 32
9 " " 303 | 40 " 37
10 " " 30 [ 40 " 36
11 0.125 1.25 2.5 40 20 7.0
12 0.125 1.25 2.2 40 20 8.5
Comp. |
Ex. 1 0.125 1.25 1.3 45 30 6.0
1): 2-Methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydro-
naphthalene
2): 1,4,5,8-Dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene
3): 2-Ethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydro—
naphthalene
4): 2-iso-Butyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octa-

hydronaphthalene
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and preferably contain 3 to 12 carbon atons, especially 3 to 6 carbon
atons. Exanpl es include propyl ene isobuteno 1 -butenp, 3-nethyl- 1
-buteno, .1 -pentene, 3-nethyl- 1 -pentene, 4 -nethyl-: entene, 1
-hexene, 1 -octane, 1 -decene and 1 -dodecene. THgtggﬁ@ Je ?Eﬂ‘
understood that the tern1"cyc|oo|of|ns" broadl y inclfudes Re

cycloolefins in the ordinary sense of ]the word, b 4&5%% e_ang
styrene derivatives and unsaturated pol ycyclic hydrocarbon conmpounds.
Specific ex- - anples of the cyclcol efins include cycl obutene,

cycl opent ene, cycl ohexene, 3, 4-di nethyl cycl opentene, 3-nethyl cy.

cl chexene. 2-(2-nmethyl butyl)- 1 -cycl ohexene. styrene, al pha-nethylstyrene,
nor bor nene, rmet hyl nor bornene. et hyl nor - bor nene i sobutyl norbornene,

2, 3. 3a, 7a-tetrahydro- 4, 7- net hano- 1H- i ndene and

3a, 5. 6, 7a-t et rahydr o- 4, 7- net hano- 1H i ndene. O these, cyclcolefins
havi ng a norbornene ring, such as norbornene, 5-nethyl-2-norbornene,

5-et hyl - 2-norhornene, and 5-isohutyl-2-porbonene, are preferred.
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of the former is adjusted to 0.01 to 50 millinmoles/liter, preferably 0.01
to 10 mllinoles/liter, and the concentration of the latter is adjusted
such that the Al:v nole ratio is at least 2:1, preferably not nore t han
50:1, especially preferably 3:1 to 20:1. n E plG““'tIES
of the final randontopol ynmerornulticonpgpent randontn? d2: H&iﬂseof

t he catal yst conposed of a vanadi um conpound and ééfﬂh1num
conmpound is preferred in this invention. If desired, how ever, tne
vanadi um conpound in the catal yst may be repl aced by a titanium or

zi rconi um conpound. The vanadi um type catalyst is nost preferred for the
use in this invention,; The ratio of the nononers charged varies

accordi ng to thefcopposttigm of the destTed o tT=—component—Tanpdom
copol ymer, the tlype|of $he|reaction nmedium the pol ynerization]tenperature
and pressure, a t1e';;3pe ofgthe_catalyst., Gengrally, _.the _nolle ratio of
ethylene to the onpoggg fornula (1) in the reaction nedium|is adjusted
to 1:100 to 100 1, er ny 1 50 to 50:1. The nole ratio of |the
al pha- ol efi n havj egfat—teast—S——carbormr—atonms—orecyetootet+rs—to—fhe conpound
of formula (1) |sgad1@sted to 100:1 to 1:100, preferably 10:1 o 1:50.
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The polynerization tenperature is generally from-30 to 80C, and the
pol yneri zation pressure i s nmaintained at

wei'ght controlling agent such as hydrogen may be added to control
of the copol yner.

nmol ecul ar wei ght

transition
(DWB)

0 to 50 kg/

The superi

cnjerr].

eat res

A ol ecul ar

t he
i stance of

420[ err] C, nostly
the tenperature at

by R gaku Denki

and a fl exural

t he random copol yner of this invention is substanti Eﬂsbg};ggfﬁ;“—gg ass
t enperature. When neasured l§y3 & dynam c mecharﬁiEﬁ o 9 r
the glass transition tenperaturmalllg)3 of the —t‘.cﬁ = nent fandom
copol ynmer of this invention is usually at Teast 2[err]C,_nostly 30 to
220[err] C, especiallfy 80 to 200[err] C. The hea} deconposjtion
tenperature of the f&Bxtmplonpdeaterdedon-hil Diehentidion]Dengddd |y 350 to
370 to 40Q[resitdonThe hezan o}i(g/m¥yenperature is
Jhi ch wei gHenperatyug s hdHadhe $arple 'is|heated at a
rate of 10[err]C/ni. in a sfrk¥a nitrggen by a the¢rnobal ancg (TGA nade
Co. | Ltd.). €k andgm copol yner {of this ifpvention
usual Iy has a flexurfal nodulr ¢gs of I X 10[¢rr] to 3 X Jo[err] Kgjcnferr],
yi elld stxengtfh uswddy of |300 1.® 1500} kg/.@2err]. | t
al so usually has a densijy, determngjied by|the sitylgragi,ent {ube net hod
in accordance with ASTM‘D150%. 37F ijﬁﬁ 119"
3 390 2.1 1.024
4 385 1.9 1.015
5 383 2.2 1.025
6 384 2.3 1.023
7 390 1.9 1.016
8 381 1.0 1.021
9 382 2.0 1.019
10 374 2.1 1.018
11 385 2.3 0.958
12 380 2.4 0.962
Comp. 375 2.5 0.930
Ex. 1
“\\‘\F\x
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of at |east about 0.86 g/cnferr], for exanple 0.86 to 1.10 g/cnferr], and
nostly 0.88 to 1.08 g/cnferr], and a refractive index, determned by ASTM
D542, of 1.47 to 1.58. nostly 1.48 to 1.56. It is substantially anorphous,
and its haze, determned by ASTM D1003, is usual |l yrmat %
mostly not nore than 10% Furthernore, the r Tﬂ@ ﬁ%ﬁgiyﬁggﬁgﬁtthis
invention has a dielectric constant of 345 to 4.0, I o 2. , and a
dielectric tangent of 5 x 10[err] EXAMPDHES|[X3+17 nDstIy 3 x 10[err] to 9 X
10[err], when they are asure rdance with ASTM D150 q%ﬁ< ot

al so has excellent che 31°?Qé§¥ﬁ?ﬁﬁ%§gﬂﬁpLﬁﬁﬂﬁ%ﬁﬁ% é?%ﬁﬂﬁ%ﬂ ho
change when echasgedtas aghokn ain datsl e 94, and dttee rveisonthe ameroperE-t hi s
i nvention are d EE% ) npl t:f?é’ Wi on-
nol ded, |njec¥|on rmlgl¥ Tl&ﬁ% |y It y uéfng, for
exanpl e, a vehn-Tgbbesx3rlided- Zeﬁﬂdh5r screM/extruder a conlcal t Wi n-screw
extruder a Cokneader, a plasticator, a m xtruder, a tmﬁn coni cal screw
extruder, a planetary screw exrtruder, a gear-type extruder or a screw ess
extruder, In the nolding process, known additives such as heat stabilizers,

light stabilizers, antistatic agents, slip agents, antiblocking agents,
anti haze agents, |ubricants,

[——
——
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inorganic and organic fillers, dyes and pignents nay be used as required.
Phenolic or sulfur-type antioxidants nay be cited as exanpl es of such
additives. The phenolic antioxidants include, for exanple, phenols such as
2,6-di-tert-butyl -p-cresol, stearyl
(3,3, -di met hyl -4-hydroxybenzyl)thioglycol ate, steary cer mpgr
-di -tert-butyl phenol ) propi onate, disteard - 1 ?"I %:%ESEACED
3,5-di-tert-butyl -4-hydroxybenzyl phogpibilecs 2,4, 6-t1i s

ot

BEE.

(3,5 -di-tert-butyl-4'-hydroxybenzylthio)-1 , 3,5-triazine, distearyl
(4- hydr oky- 3- nmetjhyl - 5- t«r tyl berjzyl) al onate,
2, 2- met hy Fxangdeq( 4- net hyl - B-Ter t - bytBMONH éBthylene | Polymeri- | Amount of
4, 4' -'met hyl enebifs( 2, 6-di - tjert - but yl{pHahdigas 2, A zatdoiy| endlihe[ &polymer
(1- met hy| cycl ohg¥A(PBE)ELgd ditpAL,Cl (2/hr) | temperature | yielded
bi s[ 3, 5- bi s(4- hyldr(amated) t 4" timiasiles) dhenyl]) but yri d aci(d$) gl ydol efder,
4,4" -pbutylidenellis (6-tertl-butyl-mjcresqgl), 1,1
3-tris(2 nethyl-4-nydroxy-b-tert-oLty|P enyt ) butfeno,
bi s(2-teft-1utyl|- 4- net hyl {6- (28 hy- | 302 28 10 12.4
droxy-3-tert-butlyl - 5- net hyl benzyl ) phenyl]] torephthal al e,
1,3,5-tr]|s(1& 6-di - nel hyl - 3- hydt oxy- 4-“?gr t-bdd yl )ibenzy? |sodqya- 2Mioat e,
1.3.5-tr|s(3.5-qdi-tert-bufyl - 4-hydjoxybgnzyl )- 2,14, 6-trinet jyl benzene,
t et raki s| mekhyl dne- 3% (3, 54di - tert - Qut"yl 4 4-8/dr dxyphehyl ) 28.0
propi onaf e] net hgne, 1, 3.54tris(3.54di pj¢rtbutyl-l4-hydroxybg nzylg3
i socyanuf at¥ 1)3,5-Tris((3,5-di-t4grt- 35 " 1

17 " " w) | 55 " 26.2

a): 2,3-Dimethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octa~
hydronaphthalene

b): 2,3-Diethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydro-
naphthalene
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1,3, 5-triazine and 4,4 -thiobis(6-tert -butyl-mcresol) and polyhydric
phenol / carboni ¢ acid ol igoestors such as carbonic acid oligoesters (for
exanpl e, having a degree of polynarization of 2, 3, 4, 5, 6, 7, 8, 9, 10)
of 4,4 -butylidenebis(2-tert- butyl-5 -methyl phenol). Exanpl es of
t he sul fur-type antioxidant include dialkyl thiodiprop t u
dilauryl, dinyristyl or distearyl thiodBpropionate, an Pﬁ% ?ﬁﬂ%’gbo%%hN
pent aerythritol tetralaurylthiopropiomabEF $eBnmed bet ween al

t hi opropionic acids _such as butyl ccty auryl - or
stearyl t hi opropi oni c} aci d andj pol yhydric cohols (sudh as cqgr ol
trinethyl ol et hane t} Exampieo] Beapadecopen ai9lﬁ¢t¥b¢ oPeﬂ$g§¥hydroxyethyl
di i sccyanurate) . PhosphpPegitéent ai nj & nﬁbﬂb unds ngm%jsc be

i ncor porated. Exanpl bs i ncl ud t?WPGE??Prﬁh 2&. Kdz) trllauryl phds- phite,
tridecyl phosphite, fctyldipheR ? Ephlt . tris(2,4-[di-tert-bdtyl phenyl)
phosphite, triphenyl] phosphitg, trlsg oxyet hyl ) phcsphite,

tris(nonyl phenyl) phpsphite, drstearyl penfaerythrirtolf di phosphijte,
tetra-(tridecyl)-1, 1} 3-18i s( 2} ne- 38Byl -5-fertibatyl -4 hydea2yphenyl ) but ane
di phcsphite, telra(erglClery] m al ky] )-44,45 -isopropyisdernedi phenyl
P o ih %86 2% PPYik
tetra(tridecyl)-4, 4" }buddlidehebi sB33met hy| - 6- BeRt - butlyl bhehé| )
di phosphite, tris(3,p-dhatert-butyb7g-hydrpxypbg0yl) 1.021

17 377 2.2 1.016

EXAMPLE 18 |
A thoroughly dried 500 ml separable flask was
fitted with a stirring vane, a gas blowing inlet tube, a
5 thermometer and a dropping funnel, and thoroughly purged
with nitrogen.
Toluene (250 ml) dehydrated and dried by mol-
ecular sieve was put into the flask.
While nitrogen was passed through the flask, 3.8

10 g of each of the compounds (a) in Table 6 as DMON, 3.8 g of

each of the compounds (f) shown in Table 6 as a cyclo-
olefin, and 2.5 millimoles of ethyl aluminum sesquichloride
were introduced into the flask, and 0.25 millimole of
vanadium'dxytiiChloridé (VOCl3) was added to the dropping

15 funnel.

A gaseous mixture composed of dry ethylene (20
‘liters/hr) and nitrogen (40 liters/hr) was passed into the
flask kept at 10°C for 10 minutes through the gas blowing
inlet tube.

20 : From the dropping funnel, ethyl aluminum sesqui-
chloride was added to start the copolymerization. While
passing the gaseous mixture, the copolymerization was carried
out at 10°C for 30 minutes.

| During the copolymerization, the solution was

———
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ﬁhosphite, tris(nmono-di -m xed nonyl phenyl ) phosphite, hydrogenated
4,4"' -isopropylidene di phenol pol yphosphite, bis

(cctyl phenyl ). bis(4,4'-butylidenebis(3-nethyl-6-tert- butylphenol] .1
. 6- hexanedi ol di phosphite, phenyl-4,4'-isopropylid- o e .
enedi phenol - pentaeryt hritol diphosphite, THIS °h“dAé£g bren
bi s-(2, 4-di-tert-butyl phenyl)pent aerythB8t ol di phosphile, REPLA

bi5(2,6-di-tehhihb&m|and4tﬁahbphﬁbﬁﬂy|iﬁﬂnhaePiébiEiehtﬂbﬂh0§pﬂhéecgf
tris(4,4'-iso% 3 Ildeneb|§%2 teét but yl phenol )] phosphite, phenyldiiso-
decyl phosphi 8- eanﬁ?lB ﬁ V pentaerythrltol di phosphite,

tris(1, 3-di- stearoyloxyMebhanpylXSpmbtphaSeadded tostphecpolymer solution

pylldeneb|s(2 BG%E8BUEKEpE8g§h% F&gggihghggxhiagnosphlte 9,1

0- di hydr o- 9- oxa- phos rene-
tetraki s@, 4-di-tert-bufl ﬁpﬁéhym?r4sﬂlubipheﬁﬁtenetb¢pﬁb@ﬂhbﬂgt@f the

There can a'SQeﬁétﬁéﬁdwﬁshﬁ@ﬁQéHCQHHBrQQ?ngéhﬁﬁhtgeéf5Hé@h§§oﬁ'@R@
beta-, gamma- and delta-tccopherols nd m xtures thereof,

2, 5- dlnethyl §&S§PPFuFPoHrﬁFEBbE?te2t598°PPP%¥Pﬁ9r sﬁB%tPf%ﬁ%RFﬁﬁEﬂd%?sor
25,7, 8- tetraﬁﬁ&hhbr washedi witRdapebone} ahd dried in vacuo for one day

51
2-(4- nethyl oan droxys coungr ppe,
2,2,7- trlneth gﬁ § ¥L Pg% ﬁr%xggogﬁﬁrQOPS%%?er‘
2,2,5 thnethyI 7-tert- EheybopohyMeoxbaduanrehhylene content, measured
2,2
th

trl met hy k 33bﬁighﬁb hxigélgydafxywmeneanamtzlasﬁe viscosity,
me

-5-tert-butyl roxycoumarone

measured 1n decalin at 135 C, of 4.2 dl1/g, an iodine number
of 0.7, and a density, measured in accordance with ASTM
D1505, of 1.009 g/cm’.

15 To measure its dynamical properties, the co-
polymer was molded into sheets having a thickness of 1 and
2 mm by a hot press at 230°¢. X-ray diffraction analysis
of these sheets shows that no scattering by crystals was
‘observed, and the sheets had a crystallinity (Wc) of 0%.

20 Transparency was measured on the 1 mm-thick sheet by a haze
meter in accordance with ASTM D1003-52, and found to be 8%.
The sample has a refractive index (nD), in accordance with
ASTM D542, of 1.527. Flexural modulus and flexural yield
‘strength were measured on the 2 mm-thick press sheet in

25 accordance with ASTM D790, and were found to bé 2.2 x 10
kg/cm2 and 950 kg/cmz, respectively. The glass transition
temperature Tg was found to be 135% by measuring the loss
modulus E" at a temperature elevating rate of 5°C/min. by
a Dynamic Mechanical Analyzer made by Du Pont, and determin-

30 ing Tg from its peak temperature. To determine the melting
point Tm, the sample was heated at a rate of 10°C/min. in
the range of -120 to 400°¢ by DSC (990 type made by Du
Pont). The melting curve (peak) was not observed. The
sample also had a heat decomposition temperature, measured

35 by a thermobalance (TGA), of 381°C.

The electrical properties of the copolymer were

4

This Sheet Has Been Replaced

(]




It is also possible to incorporate a conpound of fornula

Merr]Al[err](OH)[err](A[err]Herr]O wherein Mrepresents My, Ca or

Zn, Ais an anion other than a hydroxyl anion, x, y and z are positive

nunbers, and a represents 0 or a positive nunber. ﬁ? -es -of .the

conpounds of the above formula are HIS SHEET HAS BE a

My[err]Al[err](OH[err]COferr]-4H err]0,39 - I REPLACED
My[err] Al [ err Me@ddred Ja&01e RHZ Hyerar ]d@electrlc loss measuring devic

w%g”%ﬁ:%g”% P}erﬂ%% Fl(rg,r, O' Ltd. It was_found to have a
M[ err] Al [ er r jdiGddahmrijcHROnetant] @fr 201 and a dielectric tangent (tan 6)

Ca[err] Al [err]d [y ] 4err]H[err]O
Zn[err]AIJerr] [err err]4H[err]O
examine the chemical resistance of the sample,

the press—formed sheet was immersed at room temperature in
sulfuric acid (97%), aqueous ammonia (20%), acetone, and
ethyl acetate for 20 hours, and then its appearance was
observed. There was no change in color, reduction in
10 transparency, deformation, dissolution, nor cracking.
' EXAMPLES 19-28
‘The copolymerization reaction conditions were
changed as shown in Table 7. Otherwise, the same operation
as in Example 18 was performed. The results are shown in
15 Tables 8-1 and 8-2. Tables 7, 8-1, and 8-2 also give the
conditions and results used and obtained in Example 18.

e
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Zn[err]Al[err](OH)[err]6Sderr]4H err] O
My[err]Al[err](OH)[err]SO err]4H err] 0, and
My[err]Al[err](OH)[err]Cderr]3H err] Q There may
ant i oxi dant having a 2-benzofuranone skel eton, such as
3-phenyl - 2- benzof ur anone and 3-phenyl -4, 6- di -t - but yl - 2-
di scl osed in Japanese Lai d- Open Patenr'¢Ubr1cat|on No
Exanpl es of the light stabilizers inclbablé droxybenzophenones such as
2- hydr oxy- 4- net hoxybenzophenone, 2-hydroxy-4-n-octoxybenzophenone,
2,2'-dihydroxy-4-nel%oxybenzophenone and 2, 4-di hydr oxybenzophenone; ben-
zotri azol es sDeaigs Compound

2-(2'¥hydroxyn§t19§rt butyl - 5' nethylphenyl) 5-chl orobenzotri azol e

2-(2' - hydr oqy=8—5—=pr=tert-putyl—ptenyt)=5-cthtorobenzotTTazol T,
2-(2'-hydroxy-5'-nethy|ohen I)b@gzotrlazole fofethyl-1,4,5,8-dimethano-
2-(2' -hydroxy- 33, 5" -{di Ip%e- nyI)benng;39;p43,5b@pg@@6@§asuch gs
phenyl saliclylate, pt | phenyl sal i cyhpdfonaphthalene

] an

enzofﬁfﬁym@ 9 as

2,4-di -tert-putyl phgnyl™3, 5¥di -t ert
C2H5 2"Ethy1_1 r 4 r 5 r B-diméthano—
b 1,2,3,4'4a'5'8'8a-°cta-
hydronaphthalene
c Propylene
d 1-Butene

285
e 5-Ethyl-2-norbornene

CHZCH (CH3) 2
[:za/ 5-iso-Butyl-2-norbornene

——
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but yl - 4- hydr oxybenzoat e and hexadecyl - 3, 5-di -tert-butyl -4-hydroxybenzoat e;
ni ckel conpounds such as 2,2'-thiobis (4-tert-octyl phenol) nickel salt,
(2,2'-thiobis(4-tert-octyl phenolato)] n-butylam ne nickel salt and
(3,5-di-tert-butyl-4-hy- droxybenzyl)phosphoni c aci droenoet ckel
salt; substituted acrylonitriies such as, nethyl al phal8ifa EHE%%ﬁig BEEN

net hyl - bet a- (p- met hoxyphenyl ) -acryl at® 4} oxalic aci d dlanmﬂﬂdéEDsuch

N - 2-et hyl phenyl - N- et hoxy-5-tert-butyl phenyl oxalic acrd diam de and

N- 2- et hyl phonyl - N - 2- et hoxyphenyl oxalic acid diam do; and hi ndered am no
conpounds such "
waBE
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8- as-bis(2,2,6,6-tetranethyl-4-piperidine)sebacate.
poly((6-(1,1,3,3-tetranethyl butyl)-imno)-1,3,5-triazine-2,4-diyl 4-
(2.2.6, 6-tetranet hyl pi peridyl)im no)hexanet hyl enel and a condensati on
product of dimethyl succinat and 2-(4-hy droxy-2,2,6,6-tetranmethyl-_1

- pi.peri dyl) et hanol . Exanpl es of the |ubricants incljuggs &HFPNaHASCBEEN
hydr ocar bons such as paraffin wax, pol‘yétzhyl ene wax and pol ypem-acRy! ene
wax: higher fatty acids such as capric acid, |auric acited—mrt+stt-e—acid;
palmtic acid, margaric acid, stearic acid, arachidic acid and behenic
acid; netal salts of higher fatty acids such as Iithi um cal cium sodium

magnesi um and pofassium sa OVE - EXQITP ed [y aci ds;
al i phati c -al coho| g such as pcll mtml {gal golmplm ggats;l al gﬂ,om)l and
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stearyl al cohol; aliphatic anides such as caproic anmide, caprylic anide,
capric amde, lauric amde, nyristic amde, palmtic am de and stearic
am de; esters fornmed between fatty acids and alcohols and fluorine

conpounds such as fluoroalkylcarboxylic acids netal saittis:thergof
nmetal salts of fluoroal kylsul fonic aci %I Exanple f‘ﬁﬂ@f&?ﬁpeﬁgﬁ_
I ncl ude i norganic br organic fibrous Ti%i ers such as ¢l as REMAEED il vr-

or alum niumcoated gl ass fibers, stainless steel fibers, alun1n|un1f|bers,
potassiumtitanate fibers, car bon fibers, whiskers, Kevlar[err] fibers and
superhigh el astic polyethylene fibers; and inorganic ororgani cpowdery,
granul arorfl akyfillers such as talc, calciumcarbonate, nagnesium

hydroxi de, cal diuni OX|ge magnesi um sulfate, graphite, #fickel powder,
silver powder, copoep wder, carbon bl ack, silver-coateéd gl ass beads,
al um num coat ed gl b eac sO at uffi nff ufh T &kes, ®st%i fil egs steel flakes and
ni ckel - coated dgrapp The randon1copo|yners of thifs i nvention may be
used as a blend wt ‘llovall TrSs—RTToW pU| VAL LIRS EAallpl es—oft such known
pol ymers are: Q g
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(A) Polyners derived from hydrocarbons having 1 or 2 unsaturated bonds
Pol yol efi ns, such as pol yet hyl ene, pol ypropyl ene, polyisobutyl ene,

pol'y( et hyl but ene-1), pol y(4-nethyl pen- tene-1), petytbutene=tr——
pol yi sor pene, pol ybut adi ene and pol ystyrene, or crossl'nﬁgds%ﬁﬂdﬁééékih
t her eof . Copol yners of the nononers constitutjng tHEPRARD
polynmers with each other, such as ethylsane/ propyl ene co- pol yner,

propyl ene/ but ene-1 copol yner, propylgngprgobyt yl ene copol yner,
styrene/i sobutyl ene copol yner, sty- rene/, butadi ene copol yner,
terpol yners of et hyl en&heEaie opodypediigaddon s 48 FsrEplends was

bit ﬁyf' openL agﬁé\ﬂqed odwyéx‘i:eqithxeﬂ'ﬁierwh g OF Q%Qg?&%PQ,BQBPGEMEEhgp@f-

and’ 5= 6t hyl | derte 2 4rdiarcindls Ba-oCtar argnamns o ener oy 100 Pirit imoded bi ock
copol ymey s ofoff heatdeylpdlynEimimse sajuicHleordidec@dnd 10 (MR 1imodegeneofont ai ni ng
vi nyl pol yners. AN\ | orj de, lyvi Ryl i e oticde,
pol yvi nyl fIlﬁ%ﬁQﬁfr%ﬁﬁ%égﬂé%%%§ﬁ§§§amhﬁ§g%hP%%Fﬁa#gé Fﬂ%@efggg of (O
Pol yners der ietdw ¥eremwislehangeditoatd2latlddéers/hr, hydrogen was used

instead of nitrogen at a flow rate of 280 liters/hr, and
the polymerization temperature was changed to 30°¢.

10 : There was obtained 17.2 g of a copolymer having an
ethylene content of 60 mole%, an ethylnorbornene content of
20 mole%, an intrinsic viscosity, measured in decalin at
135°¢c, of 0.15 dl/g, and an iodine number of 0.9. The
viscosity of the copolymer, measured at 750 rpm and 280°¢

15 by an Emila-rheometer (imported by Yagami Co., Ltd.), was
2.2x103 centipoises.

The copolymer was molded into a press sheet
having a thickness of 1 mm at 200°C. The sheet was con-
siderably brittle. It had a crystallinity (WC), determined

20 by X-ray diffraction, of 0%. When it was subjected to a
differential scanning calorimeter (Type 990 made by Du
Pont) at a temperature elevating rate of 5°C/min., no
melting peak was observed. The softening temperature
of the copolymer, measured by a needle penetration degree

25 measuring device of Du Pont (TMA: thermomechanical ana-
lyzer, load 49 g, quartz needle with a diameter of 0.025
mm) at a temperature elevating rate of 10°C/min., was
126°C. The copolymer had a haze, determined substantially
in accordance with ASTM D1003-52, of 11%. To examine its

30 chemical resistance, the sample was immersed for 20 hours
in 97% sulfuric acid, 20% aqueous ammonia, acetone and
methyl acetate, and its appearance was then observed.
To reduction in color and transparency was observed.

EXAMPLE 30

35 A Ehoroughly dried 500 ml separable flask was

fitted with a stirring vane, a gas blowing inlet tube; a
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carboxylic acids or the derivatives thereof Polyacrylate. polynethacrylate,
pol yacryl am de, and pol yacryl oni - trile. Copol yners of the
nononers constituting the above-exenplified polyners w othef———"T0
copol yneri zabl e nmon- oners, such as acrylonitril e/ bhiffEts SHEFTs P RREY
co-polymer, acrylonitrile/styrene copolymer, and acryl ohitri|RERAGED
rene/ acryl ate copol yner. (D) Pol yne#3 derived from Unsaturat ed

al cohol s, thermeWg s . arf®yd diSppidid VRmiidler enfd tio rankihdlys phaiged nyl
al cohol , pol yvi cetate, polyvinyl stearate, polyvinyl benzoat e,

I
pol yvi nyl rral‘é’attr}g,mp Q4RA™h! butyral, polyallyl phthalate and
pol yal | yl nel ani ne. Toluedupof 251k msl Jofdeliyd ratresirers] crisd gt imed. -t he
above-exenpl i f] 2 | t t (eteTole] | zabl e non- oners, such
as et hyl ene/ v‘%%‘%ﬂag%e%l%%%#p%%e%ﬂo (Si% ‘yrrers derived from epoxi des
Pol yet hySene oxi de and Wvollersritkegen vas @asdedyithyangh &heeflask,

7.5 g of the compound (g) in Table 9, and 2.5 millimoles
of ethyl aluminum sesquichloride were introduced into the
flask, and 0.25 millimole of dichloroethoxyoxovanadium was
added to the dropping funnel.

10 A gaseous mixture composed of dry ethylene (10
liters/hr) and nitrogen (40 liters/hr) was passed into the
flask kept at 10°C for 10 minutes through the gas blowing
inlet tube.

From the dropping funnel, dichloroethoxyoxo-

15 vanadium was added to start the copolymerization. While
passing the gaseous mixture, the copolymerization was
carried out at 10°C for 30 minutes.

During the copolymerization, the solution was

et
1
i

uniform and transparent, and no precipitation of the co-
20 polymer was observed.
Methanol (5 ml) was added to the polymer solution
to stop the copolymerization reaction.
The polymer solution after the stopping of the
reaction was poured into large amounts of methanol and
25 acetone to precipitate the copolymer. The precipitate was
further washed with methanol and acetone, and dried in
vacuo for one day at 60°C to obtain 5.3 g of the copolymer.
The copolymer had an ethylene content, measured
by C-NMR analysis, of 59 mole%, an intrinsic viscosity,
30 measured in decalin at 135°C, of 1.4 d1/g, and an iodine
number of 0.9.
To measure its dynamical properties, the co-
polymer was molded into sheets having a thickness of 1 and
2 mm by a hot press at 230°cC. X-ray diffraction analysis
35 of these sheets shows that no scattering by crystals was
observed, and the sheets had a crystallinity (Wc) of 0%.

13
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(F) Polyacetals Pol yoxynet hyl ene, pol yoxyet hyl ene, and

pol yoxynet hyl ene cont ai ni ng et hyl ene oxi de. (G Polyphenyl ene oxi ¢

(H) pol ycarbonat e (1) Polysul fone (J) Polyureimanesaﬁd tireabttdsi ns
(K) Pol yam des and copol yam des derived from di am nesjand dpgamoeXxylic

aci ds and/or am nocarboxylic acids or t he correspéadi-rg—tactars

Nyl on 6, nylon 66, nyloN 11, and nyl on 46.- (L) Pol yam de- pol yet hers

(M Pol yest er erdaspuedntyovadi feabexgdi 6nachdsl afifl-ch 8Lk Odwé st B/ #Thaze

hydroxycarbox%gkgraghdgcgar Qgcgq&£€ﬁpggghngloo3-g§?tgggsfound to be 9%.
Flexural modulus and flexural yield strength were measured
on the 2 mm-thick press sheet in accordance with ASTM D790,

5 and were found to be 2.5 x 104 kg/cm2 and 810 kg/cmz,

respectively. The glass transition temperature Tg was
found to be 150°C by measuring the loss modulus E" at a
temperature elevating rate of 5°C/min. by a dynamic
mechanical analyzer (DMA) made by Du Pont, and determining

10 Tg from its peak temperature. To determine the melting
point Tm, the sample was heated at a rate of 10°C/min. in
the range of -120 to 400°C by DSC (990 type made by Du
Pont). The melting curve (peak) was not observed.

The electrical properties of the copolymer were

15 measured at 1 KHz by a dielectric loss measuring device
made by Ando Electric Co., Ltd. It was found to have a
dielectric constant of 1.9 and a dielectric tangent (tan &)
of 2.3 x 1074, | '

To examine the chemical resistance of the co-

20 polymer, the press-formed sheet was immersed at room tem-
perature in sulfuric acid (97%), aqueous ammonia (20%),
acetone, and ethyl acetate for 20 hours, and then its
appearance was observed. There was no change in color,

. reduction in transparency, deformation, dissolution, nor

25 cracking. ' '

The copolymer also had a density, determined by
the density gradient tube method, of 1.032 g/cm3, a re-
fractive index (nD), measured by an Abbe refractometer, of
1.540, and a pencil hardness, as a measure of hardness, of

30 H.

EXAMPLES 31-42

The same operation as in Example 30 was carried
out except that the monomers were changed as indicated in
Table 9, and the copolymerization conditions were changed

35 as shown in Table 10. The results are shown in Tables 11
and 12. Tables 10, 11 and 12 also show the conditions and
the results used and obtained in Example 30.
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Pol yet-hyl ene terepht hal at e,
di met hyl ol cycl ohexane terephihal ate).

poly(1, 4-
derived from al dehydes
Phenol / f or mal dehyde resin,

pol ybutyl ene terephthal ate and

and phenols, urea o

ur eal/ f or nral dehyde resin,

..47_
Table 9

(N) Crosslinked polyners
r nel am ne

and neka® BetdiorrBl oo |
REPLACED

Desig-
nation

Compound

C,H

09,14

12-Ethyl-hexacyclo-
[6,6,1,1

Jheptadecene-4

3,6'110,13'02,7’_

OOS

CH

9 14

12-Methyl-hexacyclo-
[6,6,1,1

lheptadecene-4

3,6 110,13 02,7 _

09,14

12-iso-Butyl-hexacyclo-
[6,6,1,1

lheptadecene-4

3,6 110,13 (2,7 _

CH

9-Methyl-tetracyclo-

[4,4,0,1
dodecene~3

2,5 ,17,10,_

Hexacyclo[6,6,1,1,1,0, 0]-
heptadecene-4
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¢0) Al-kyd resins

Unsat ur at ed pol yester

unsat urated di carboxylic acids and pol yhydric
conpounds as crosslinking agents, and hal ogen contanﬂsdﬂi
t her eof (Q Natural polyners Cel | ul jose,
or derivatives thereof, such as ceIIu1d§%'acetate €
cel l ul ose acetate and cellulose ether When th
this inventionlare uged a$ synthetic waxes, they may. of couf
with various -
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G ycerin/phthalic acid resin
resins derived fron1copo|yesters of saturated and

%dﬁm

rREPLATEDRN

(P)

|nyl

pr opi onat e.
e copol yners of

se, be m xed

Instead of Nz, H2 was passed at 150 liters/hr.

(*):

This Sheet Has Been Replaced




known waxes.
as a blend with each ot her.

illustrate the present
m separable flask was fitted with a stirring vane,
and a dropping funnel,
Tol uene (250 n1).dehydra€§d‘and dried by

t ube,
nitrogen.
was put

a thernoneter

The random copol yners of this invention may be used

into the flask.
3.8 g of each of the conpounds (a)

i nventi on.

The foll ow ng Exanpl es further
EXAMPLE 1 '

and t hor oug

Wil e nitrogen was passed through the flask,

in Table 1 as DMON, 3.8 g of

each of

the conpounds (1) shown in Table 1 as a cycloolefin, and 2.5 mlIlinoles of

et hyl

mllinole of

f unnel .
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"A gaseous m xture conposed of dry ethylene (20 liter

liters/hr) was passed into the flask

t hrough the gas blow ng inlet tube.
al um num sesqui chl ori de was added to start the copolynerlzatlon
t he gaseous m xture,

passi ng

t he copoP$

kept at 10[err]]

From t he drloppi

S@?Qsﬁ g rmg bege (40

yl
Whi | e

neri zati on was carried out at

10[err]C for 30 m

uni formand tr
observed.

t he copol yneri
of the reactio
precipitate th
and dried in v
copol yner.
[err] CG-NMR an
decalin at 135
nmeasured in ac

nut @s.

During the copol yneri zati on,

t

e sol ution was

Table 12

nspare®t, 4gnd no precipitation of the co-polyfrer was
Meth@&Bl (3 )" wis Bdded®t 5 the *pdl yfer® s8l ufion to stop
at | om meact]i on. The pol yner solution after the stopping
oureq Tnto rarge amouants of metnanol ang acetone to
copg yner .| The precipitate was further masheﬂ wi th acetone,
up r ong day=at 69 err3 € to=o0®arn B.% glof the
e opol;ner had an et hyl ene content, neasufed by
é% - de—aR—t—H-FRS5+E v;sccs+tyl fFeps-  ured in
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D1505, 'of 1.009 g/cnferr]. To measure its dynam cal_properti-es t% 1
co-polymer was nol ded into sheets having a thickness of TdeSlﬁEﬁnHA'(b;B gN
hot press at 230[err]C. X-ray diffraction analysis of these shﬁﬁtﬁ%@bg&gﬂj
that no scattering by crystals was observed, and the sh
crystallinity (Werr]) of 0% Transparency was neasured on the 1 mmthick
sheet by a haze neter 1in accordance mﬁﬁh-ASTM D1003-52, and found to be
8% The sanple has a refractive indgﬁﬁ , in accordance with ASTM
exural

D542, of 1.527. Flexural nodul us an yield strength were neasured
on the 2 mmthick press dharoughlysdrdedasdd \mlt FerarRbbroflagkdwasr e f ound

to be 2.2 x Ifiweied vkﬁ!l@fﬁ &ftiilr Ay %Qlelsg/ac ruohowrleﬁ;p%tl&eh;ﬁbeTha gl ass
modul us. & at ShegHA L . 2 AR b ange 5[%?»%]%%u”?u§§”rgh” fmc
Mechani cal Armimexutrmbaerb.y Du Pont, and determning Tg fromits peak
temperature, 10 ot er Mg alie OB 09 PR ke IR RIS MpoplsEt o X @
made by Du PeEwularisiens twasy pir imt(opddle) flasknot observed. The sanple
a'TZi’\ hadf a3g§at deco@%ﬂ&%&%&%&@%s pasTRdS thtdug¥h 2nkheqgeRal ance
( ). 0 .Jerrg of pentacyclo[6,5,1, l3 6,02 7,09 13]pentadecene-—'4 and
10 2.5 millimoles of ethyl aluminum sesquichloride were in-
troduced into the flask, and 0.25 millimole of dichloro-
ethoxyoxovanadium was added to the dropping funnel.

A gaseous mixture composed of dry ethylene (20
liters/hr) and nitrogen (40 liters/hr) was passed into the

15 flask kept at 10°c for 10 minutes through the gas blowing
inlet tube.

From the dropping funnel, dichloroethoxyoxo-
vanadium was added to start the copolymerization. While
passing the gaseous mixture, the copolymerization was

20 - carried out at 10°C for 30 minutes.

During the copolymerization, the solution was
uniform and transparent, and no precipitation of the co-
polymer was observed.

Methanol (3 ml) was added to the polymer solution

25 to stop the copolymerization reaction.

The polymer solution after the stopping of the
reaction was poured into large amounts of methanol and
acetone to precipitate the copolymer. The precipitate was
further washed with methanol and acetone, and dried in

30 vacuo for one day at 60°C to obtain 7.2 g of the copolymer.

The copolymer had an ethylene content, measured
by C-NMR analysis, of 55 mole%, an intrinsic viscosity,
measured in decalin at 135°C, of 2.1 dl1/g, and an iodine
number of 0.7.

35 To measure its dynamical properties, the co-
polymer was molded into sheets having a thickness of 1 and

13
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The el-ectrical properties of the copolyner were neasured at 1 kHz by a
dielectric | oss neasuring device nmade by Ando El ectric 1td. 1t _was
found to have a dielectric constant of 2.1 and a diel ect {iTHIS SHEENHASt BEEN
[err]) of 3.0 x10[err]. To exam ne the chemical resi$tancepgf sbbs _
sanple, the press-forned sheet was i nmersed at room tenpé+attt-e—t-a—StH-u
acid (97%, aqueous ammonia (209, acetvhe; and ethyl acetate for 20 hours,
and then Its hpm&;ar&:d10|as>nﬁmratec230ﬂﬂhrems|&sayn@icﬂfmmibn anbdysis
reduction in zyﬁgggqﬂﬁy tgan, di tiQn, ng

EXAMPLES 2- 11&f e coetoﬁd;g#g{@a%h%c}n n?’e%?%%r? rglglr?dirﬂ’&ir 8%&%3%?5 gﬁgnged as
shown in Tabl@%r"cﬁ%r%ié%het hestife hase matcrars tad Limikyartyl ¢ ofnas.

performed. The drffpddehdf wad WadurePRIethd 1 W ediek Eggbﬁsg a3}1$2fand
3-2 al Sos g Vemettheer Cionndatlc;[éoorrzisan%rcled wriet-.sfxu leS%‘MU%%.% O%rl%zebta%ldn%oulng toagg g% .
Flexural modulus and flexural yield strength were measured
on the 2 mm-thick press sheet in accordance with ASTM D790,
and wre found to be 2.5 x 104 kg/cm2 and 850 kg/cmz, re-
spectively. The glass transition temperature Tg was. found
10 to be 149°% by measuring the loss modulus E" at a tempera-
ture elevating rate of 5°C/min. by a Dynamic Mechanical
Analyzer made by Du Pont, and determining Tg from its peak
temperature. To determine the melting point Tm, the sample
was heated at a rate of.10°C/min. in the range of -120 to
15 400°c by DSC (990 type made by Du Pont). The melting curve

(peak) was not observed.

The electrical properties of the copolymer were
measured at 1 KHz by a dielectric loss measuring device
madeby Ando Electric Co., Ltd. It was found to have a

20 dielectric constant of 2.0 and a dielectric tangent (tan 6)
of 2.8 x 1074,

To examine the chemical resistance of the press-
formed sheet, it was immersed at room temperature in sul-
furic acid (97%), aqueous ammonia (20%), acetone, and ethyl

25 acetate for 20 hours, and then its appearance was observed.
There was no change in color, reduction in transparency,
deformation, dissolution, nor cracking.

The copolymer also had a heat decomposition
temperature (the weight loss initiation temperature),

30 determined by a thermobalance, of 390°C, a density,
determined at 23°C by-the density gradient method, of
1.025 g/cmz, a refractive index (nD), measured by an
Abbe refractometer, of 1.536, and a pencil hardness, as
a measure of surface hardness, of H. '
35 ~ EXAMPLES 44-48
The same operation as in Example 43 was carried

This Sheet HaslBeen Replaced
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out except that the monomer components were changed as
shown in Table 13, and the copolymérization conditions were
changed as shown in Table 13. The results are shown in
Tables 13, 14 and 15.
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CLATMS
1. A novel random copolymer, characterized in that

() it is composed of ethylene and a 1,4,5,8-di-
methano-1,2,3,4,4a,5,8,8a-octahydronaphthalene represented
by the following formula (1)

whergin Rl and R2 are identical and different and

. each represents a hydrogen atom, a halogen atom
or an alkyl group, or R1 and R2 may be bonded to

each other to form a trimethylene group or a

group represented by the following formula

4
in which R, and R, are identical or dif-
ferent and each represents a hydrogen atom,
a halogen atom or an alkyl group,

(B) the mole ratio of polymerized units derived
from 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphtha-
lene to polymerized units derived from ethylene is from
3:97 to 95:5, and

(C) the 1,4,5,8-dimethano-1,2,3, 4,4a,5 8,8a-octa-
hydronaphthalene is incorporated in the polymer -chain as

polymerized units represented by the following formula (2)

. .
e t)

2

wherein R1 and R2 are as defined above.
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2. A random copolymer according to claim 1 which has an
intrinsic viscosity, measured in decalin at 135°C, of 0.005
to 20 d41/g.
3. A random copolymer according to claim 1 or 2 wherein in
formula (1), at least one of Rl and R2 is an alkyl group.
4, A random copolymer, characterized in that

(A) it is composed of at least one 1,4,5,8-di-
methano-1,2,3,4,4a,5,8,8a~-octahydronaphthalene as defined in
claim 1, ethylene and at least one alpha-olefin of at least 3
carbon atoms or cycloolefin,

(B) the mole ratio of polymerized units from the
1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene to
polymerized units from ethylene is from 3:97 to 95:5,

(B') the mole ratio of polymerized units from the at
least one alpha-olefin or cycloolefin to the polymerized
units from the 1,4,5,8~dimethano-1,2,3,4,4a,5,8,8a~octahydro-
naphthalene is from 95:5 to 20:80, and

(C) the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydro-~-
naphthalene is incorporated in the polymer chain as
polymerized units represented by formula (2) as defined in
claim 1.

5. A random copolymer according to claim 4 which has an
intrinsic viscosity, measured in decalin at 135°C, of 0.005
to 20 dl/g.

6. A random copolymer according to claim 4 or 5 wherein at
least one of R1 and R, is-an alkyl group.

7. A process for producing a random copolymer as claimed in
any one of the preceding claims which comprises
copolymerizing ethylene and optionally at least one
alpha~-olefin of at least 3 carbon atoms or cycloolefin with
said 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene
in a hydrocarbon medium in the presence of a catalyst formed
from a vanadium compound and an organoaluminum compound which o
are soluble in the hydrocarbon medium.

8. Shaped articles of a random ccpolymer as claimeqﬂip any
one of claims 1 to 6. T

————
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ABSTRACT
"NOVEL RANDOM COPOLYMER"

A random copolymer composed of ethylene, a
i,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene and
optionally an alpha-olefin having at least three carbon atoms
or cycloolefin. The mole ratio of polymerized units from the
1,4,5,8~dimethano~-1,2,3,4,4a,5,8,8a-octahydronaphthalene to
polymerized units from ethylene is from 3:97 to 95:5 and the
1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene is
1ncorporated in the polymer chaln as polymerlzed units

without ring-opening.

The copolymer is prepared by'copolymerizing ethylene,
optionally the alpha-olefin of at least 3 carbon atoms or
cycloolefin, with the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene in a hydrocarbon medium in the presence
of a catalyst formed from a vanadium compound and an
organcaluminum compound which are soluble in the hydrocarbon
medium.

The copolymer has excellent transparency and a well
balanced combination of heat resistance, heat aging
resistance, chemical and solvent resistance, dielectric
properties and mechanical properties such as rigidity.

//ﬂ/t///lﬂ/////t/lﬁil?“"
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RANDOM COPOLYMER

Description

This invenlion relates to a random copolymear consisting assentially of a 1,4,5,8-di-melhano-1,2,3,4,4a,5,9,8a-
actahydronaphthalene, ethylene and an alpha-olefin of at least 3 carbon atoms andfor a cycicolefin as monomers,
More specifically, it relates lo a random copalymer having excellant transparency and a well balanced combination of
heat resistance, heat aging resistance, chemical and solvenl resistance, dielectric properties and mechanical properties
such as cigidity. :

Polycarbonate, poly{methyl methacrylate) and poly(ethylene terephthalate) are known as synthetic resins having
excellent transparency. The polycarbonate resin has excellent heat resistance, heat aging resistance and impact
strength as well as excellent transparency, but also has the defect of poor chemical resistance since it is readily attacked
by strong alkalis. Poly(methyl methacrylate) has the defect that it is susceptible to attack by ethyl acetate, acetone and -
toluene, is swollen in ether, and has low heat resistance. Polyethylene terephthalate has excellent heat resistance and
mechanical properties but has the delect of possessing weak resistance to strong acids or alkalis and is susceptible
to hydrolysis. :

Many polyolefins well known as general-purpose resins have excellent chemical resistance, solvent resistance _
and mechanical properties, but have poor heat resistance. Furthermore, they have poor iransparency because they
are crystalline. The transparency of polyolefins is generally improved by adding a nucleating agent to render the crystal
structure fine, or by performing quenching to stop the growth of crystals, but such measures have not proved to be
entirely effective. Rather, the addition of a third component such as the nucleating agent is likely to impair the inherent
excellent properties of the polyolefins. Furthermore, the quenching method requires large scale equipment, and is also
likely to reduce heat resistance or rigidity with a decrease in crystallinity.

On the other hand, methods have been proposed for producing polymers having superior transparency by copo-
lymerizing ethylene with bulky comonomers. U. S. Patent 2,883,372 discloses a copolymer of ethylene with 2,3-dihy-
drodicyclopentadiene. This copolymer has a well balanced combination of rigidity and transparency but low heat re-
sistance as shown by its glass transition temperature of about 100°C.

Japanese Patent Publication No. 14,310/1971 discloses a process for producing a homo- or co-polymer having
polymerized units represented by the following formula (a)

-~
r
—

R
q J. .

wherein R is hydrogen or a lower alky! group, which comprises polymerizing a 1,4,5,8-dimethano-1,2,3,4,4a,
5,8,8a-octahydronaphthalene represented by the following formula (b)

{ R .

wherein R is as defined above,
alone or with a cyclic olefin selected from styrene, acenaphthylene, bicyclo{2.2.1]heptene-2, alkyl-substituted products
of the heptene and cyclopentene in the presence of an alcchol as a reducing agent using a halide of a noble metal
such as ruthenium as a catalyst.

Homo- or co-palymers comprising the 1,4,5,8-di-methano-1,2,3,4,4a,5,8,8a-octahydronaphthalene as a part or
the whole of monomers and methods for production thereof are also disclosed in Japanese Laid-Open Patent Publi-
cations Nos. 158,598/1975, 127,728/1983, 51,911/1984, 81,315/1984 and 81,316/1984, FR-A-1535460 and U. 8. Pat-
ent 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 represented by formula (a). As can be underslood from
formuta (a), these ring-opened polymers are structurally characterized by the fact that the main polymer chain contains
an unsaturated vinyl linkaga. Because of the presence of the unsaturaled vinyl linkage, thess polymers have poor heat
aging resistance.

All of the polymers described in the above prior art documents are ring-opened polymers oblained by the ring
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scission of @ menomor, U. S. Patents 3,330,815 and 3,494,897 and Journal of Polymer Science: Polymer Physics
Edition, voluma 12, 1607-1618 (1974) dascriba palymars ol the lype obtained by tha opening ol the double bond of
monomer without tha ring scission of lha hicyclohept-2-ana skalalon ol the monomar,

U. S. Patent 3,330,815 discloses that a polymar cornprising polymetized units of the foliowing formula (c)

=

- (a)
or its substitution product.

U. S. Patent 3,494,897 discloses a process for producmg a copolymer of ethylene with a bicycle[2.2.1}-hept-2-ene
represented by the following formula (e)

e’

Example 44 and ciaim 92 of this patent discloses a copolymer of sthylene with tetracycio(6,2,1,13.6,027)-4-dodecene
of the following formula (f) encompassed within the formula (e)

and ethylene. The Patent does not describe the content of the tetracyclododecene of the copolymer of Example 44.
When itis 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 tetracyclododecene. U. S. Patent
3,494,897 does not at all describe specifically copolymars of ethylene with tetracyclododecenes other than the tetra-
cyclo[6,2,1,136,027]-4-dodecene of formula (f).

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

The copolymers described In these prior art references which contain only 2% at the most of octahydrodlmeth-
" anonaphthalens have a glass transition temperature of about 15°C at the highest. They strongly exhlbll a rubbery
nature and have poor heat resistance and mechanical properties.

US-A-4195013 discloses the modification of ethylene-a-olefin-nonconjugated diene elastomeric polymers with a
sterically hindering unhalogenated rmono-olefin monomer. The modified polymers are used as tyre treads.

US-A-3494897 discloses copolymers of ethylene and bicyclo [2.2.1] hept-2-ene which contain in the polymer chain

units.of formula:

The invention seeks lo provide copolymers having excellent transparency and a well balanced combination of heat
resistance, heat aging resistance, chemical and solvent resistance, dielectric propertias and mechanical propertles
such as rigidity.

The inventlion accordingly provides a random copolymer, characterised in that

(A) it consists essantlally of (I) polymerized units darlved (rom at least one 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphihalene represented by the formula (1)
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(1)
R

wherein R, and R, are the same or different and each represents a hydrogen atom, a halogen alom or an alky!
group, of A, and R, may be bonded to each other to form a trimethylene group or a group represented by the formula

Ra

Rs

in which Ry and A, are the same or different and each represents a hydrogen atom, a halogen atom or an atky!
group (ii) polymerized units derived from ethylene and (iii) polymerized units derived from at least one alpha-olefin
of at least 3 carbon atoms and/or a cycloolefin in addition to that of formula (1),

(B) the mole ratio of polymerized units derived from the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphtha-
lene to polymerized units derived from ethylene is from 3:97 to 95:5, preferably from 5:95 lo 80:20,

(B') the mole ratio of polymerized units derived from the at least one aipha-olefin and/or cycloolefin to the polym-
erized units from the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene is from 95:5 to 20:80, preferably
from 80:10 to 30:70, and '

(C) 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 represented by formula (2)

Ry

(2)
R

wherein R, and R, are as defined above.

. The present invention also provides a process for producing a random copolymer as defined above which com-
prises copolymerizing 2 monomer mixture consisting essentially of ethylene, at least one alpha-olefin of at least 3
carbon atoms and/or a cycloolefin, and at [east one 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalens of for-
mula (1) in a hydrocarbon medium in the presence of a catalyst formed from a vanadium, titanium or zirconium com-
pound and an organoaluminium compound which are soluble in the hydrocarbon medium and under a pressure of up
1o 4.9 MPa (0 to 50 kg/cm?). .

The present invention further provides shaped articles of a random copolymer &s defined above,

' The 1,4,58-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene, i.e. a tetracyclo[6,2,1,135,027)-4-dodecene,
used in this invention Is represented by the above formula (1).

Examples of the halogen atom for R, to R, are fluorine, chlorine and bromine. The alkyl group for R; o Ry may
be linear or branched, and preferably has 1 to 20 carbon atoms, particularly 1 to 10 carbon atoms. Examples of the
alkyl group include methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, t-butyl, pentyl, hexyl, heptyl, octyl,
nonyl and decyl, ’

Examples of the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene of formula (1) include

1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-methyl-1,4,5,8-dimethano-1,2,3,4.4a,5,8,8a-octahydronaphthalens,
2-ethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalens,
2-propyl-1,4,5,8-dimethano-1 12,3,4,42a,5,8,8a-oclahydronaphthalene,
2-hexyl-1,4,5,8-dimethanc-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-stearyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalens,

~2-decyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,

* 2,3-dimethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalens,
2,3-dimethyl-3-ethyl-1,4,58-dimethano-1,2,3,4,4a,5,8,8a-oclahydranaphthalens,
2-methyl-3-ethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalane,
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2-chiora-1,4,5,8-dimethano-1,2,3,4,4a,5,8 8a-cctahydronaphthalene,
2-bromo-1,4,5,8-dimathano-1,2,3,4,4a,5,8,8a-cctahydronaphthalane,
2-fluoro-1,4,5,8-dimethano-1,2,3,4,43,5,8,8a-cctahydronaphthalena,
2-cyclohexyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalena,
2-isobutyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2,3-dichloro-1,4,5,8-dimethano-1,2,3,4,4a,5,8 8a-octahydronaphthalene,
12-ethyl-hexacyclo(8,8,1,13-8,110.13 027 08.14|.heptadecena-4,
12-malhyl-hexacyclo(8.6,1,136,110.13 027 99.14|.heptadecene-4,
12-isobutyl-hexacycio(6,6,1,136,110.13 027 0%.14|.hgptadecene-4,
hexacyclo[6,6,1,13-,110.13 027 09.1%]heptadecene-4, and
pentacyclo(6,5,1,13-8,027 0%.13]pentadecene-4,

These 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-cctahydronaphthalenes may be used singly or in -combination.

Among the compounds of formula (1), those in which at least one of R; and R, is an alkyl group, especially having
1 to 10 carbon atoms, above all 1 to 5 carbon atoms, or in which Ry and R, are bonded together to form a lnmethylene
group or a group of the formula

wherem R, and A, are as defined above, and preferably represent an alky! group having 1 to 10 carbon atoms

especially 110 5 carbon atoms,
are preferred.

The compound of formula (1) can be produced, for example, by sub;ecnng the correspondlng norbornene and
cyclopentadiene to a Diels-Alder reaction.

According to the process of this invention, the monomers are copolymenzed ina hydrocarbon solvent in the pres-
ence of a catalyst. -

. The catalyst used is one formed trom a vanadium compound andan organoalumnmum compound which ara solub!e

o ln the hydrocarbon solvent used.

Suitable vanadium compounds include vanadium haudes such as VCl,, VBry, VClay Jand VBrgy vanad‘ Uim oxyhalrdes
such as VOC,, VOBr,, VOCI, and VOBI,; and vanadium compounds of formula VO(OR)Xain" ‘wherein R reprasents
a hydrocarbon group, X represents a halogen, and n is a number such that 0<n=3. Of these the vanadium oxyhahdes
and the compounds of formula VO(OR), X, are preferred. In the compounds of formula VO(OR)yXs.o Ris an generally
an aliphatic, alicyclic or aromatic hydracarbon group, preferably an aliphatic hydrocrbon group with 1 ta 20, preferably
1 to 5, especially preferably 1 to 3, carbon atoms. The number n is such that 0<n=3, preferably 1=n=1.5. Specific
examples of these vanadium compounds are VO(OCH)Cl, VO(OCHgz),Cl, VO({OCH3)a VO{OC,Hg)Clp, VO
(OCoHg) sClis.  VO[OC,Hg),Cl, VO(OC,Hg)s VO(OC,yHg)y sBris.  VO(OC3H7)Clyw VO(OC;Hz)y sClise VO
{OC4H7),Cl, VO[OC3H7)3, VO[O n-C4Hg)Cly, VO[O n-CyHg)oCl, VO[O .is0-C4Hg)oCl, VO(O sec-CyHg)y,"and VO
(OCgH,4)1 5Cly 5. Mixtures of these may also be used. These vanadium compounds can easily be obtained by, for
example, reacting VOCI; with alcohols, or VOCI; with VO({OR)3.

Suitable organoaluminium compounds used together with the vanadium compounds are compounds of formula
R'AlX'3. Wherein A' represents a hydrocarbon group, preferably an aliphatic, aromatic or alicyclic hydrocarbon group
having 1 to 20 carbon atoms, especially 1 to 10 carbon atoms, X' represents a halogen atom, especially fiuorine,
chlorine or bromine, and m is a number such that 0<m=3. Halogen-containing organoaluminium compounds of the
above formula in which m has an average value such that 1sms2, paricularly 1.2Sms1.8, are preferred. Specific
examples of these organoaluminium compounds are trialkyl aluminiums such as triathyl aluminium, trlisopropyl alu-
minium, triisobutyl aluminium, tri{n-propyl) atuminium and tri(n-butyl) aluminium; diatky! aluminium monochalides such
as diethy! aluminium monochloride, diethyl aluminium monobromide, diisopropyl aluminium monochloride, diisopropyl
aluminium monobromide, di(n-propyl) aluminium monochloride, di{isobutyl) aluminium monochloride, di{n-butyl) alu-
minium monochlaride, di{sec-butyl) aluminium monochloride, di{n-pentyl) aluminium monochloride and dioctyl alumin-
fum monachloride; alkyl aluminium sesquihalides such as ethy! aluminium sesquichloride, isopropy! aluminlum ses-
quichloride, n-propy! aluminium sesquichioride, n-buty! aluminium sesquichlorids, n-pentyl aluminium sesquichloride
and n-octyl aluminium sesquichloride; and alkyl aluminium dihalides such as ethyl aluminium dichioride, ethy! alumin-
lum dibromide, isopropy! aluminium dichloride, Isopropy! aluminium dibromide, n-propy! aluminium dichlorlde, n-propy!
aluminium dibromids, n-buty! aluminium dichloride, isobuty! aluminfum dichloride, sec-butyl aluminium dichloride, n-
pentyl aluminium dichloride and n-oclyl aluminium dichioride. Mixtures of these may also be usad,



EXAVPLE 12 The sane copol ynerization as in exanple 1 was carried out
_except that 60 g of 2-nethyl-1 ,4,5,8-dinethano-
“1,2,3,4,4a,5, 8, 8a- oct ahydronapht hal ene, 100 millinol es of | AR MCERAENT BHBET
sesqui chloride and 10 m || noles of dichlo- roethoxyoxovanadl-um-
the flow rate of ethyl ene was changedsto 320 liters/ hr, h/d@O@en MRS gwfed
i nst ead P T RS

b i

Tha copolymarization is carried oul in a hydracarbon solvent. Examples of the solvent ihcludoe aliphatic hydrocar-
bons having § 1o 15 carbon aloms such as pentane, hexana, haptane, oclane and kerosenay; alicyclic hydrocarbons.._............)
having 5o 15 carbon atoms such as cyclopeniane and cyclohexane; and aramatic hydrocarbons having 6 o 15 carbon
atams such as banzana, loluene and xylene. These solvents may be used singly or in combination.

Tha male ratios of units derived tram particular monomers in the random copolymer of the invention are measured
by 1IC-NMR analysis.

The compound of lormula (1) is incarporatad into the chain af the random capolymer of the invention as polymerized
units of formula (2) above.

The random copolymers of the invention, therefore, usually have an icdine number of not mare than 5, and many
of them have an icdine number of not more than 1. The random copolymers of this invention preferably have an intrinsic
viscosity {n}, measured in decalin at 135°C, of 0.005 to 20 dl/g, more preferably 0.01 to 15 di/g.

The novel random ccpolymers of this invention are generally amorphous or of low crystallinity. Preferably, they are
amorphous. Accordingly, they have good lransparency. Generally, these ccpolymers have a crystallinity, determined
by X-ray diffraction, of not more than 40%, preferably not more than 259

The copolymer of the invention has a melting point, determined by a dnfferennal scanning calorimeter (DSC) of
not more than 135°C, preferably not more than 128°C, or does not show a mefting point.

Random copolymers of this invention in whlch the mole ratio of the polymerized units from the 1,4,5.8-dimethano-
1,2,3,4,4a,5,8.8a-cctahydronaphthalene to the polymerized units from ethylene is from 10:90 10 90:10, preferably from
15:85 to §0:20 (measured by ¥C-NMR analysis), and which have an intrinsic viscosity, measured in decalin at 135°C,
of 0.3 to 15 dl/g. preferably 0.5 to 10 dV/g, a crystallinity, determined by X-ray diffraction, of not more than 25%, preferabiy
not more than 10%, and a melting point, measured by a differential scanning calorimeter, of not more than 128°C,
preferably not mare than 100°C, and a glass transition temperature measured by a dynamic mechanical analyzer
{OMA) made by Du Pont of at least 80°C, preferably 100 to 220°C. have excellent transparency, processability, heat
resistance, heat aging resistance, chemical and solvent resistance, dielectric properties and mechanical properties

' such as rigidity. Accordingly, these copolymers can be used as a transparent resin in various fields including an optical
field as optical lenses, optical disks, optical fibers and window-panes, an electrical field as water tanks for electric irons,
articles used for electronic ovens, substrates for liquid crystal display, substrates for printed circuit boards, substrates
for high frequency circuits, and transparent electrically conductive sheets or films, medical and chemical fields as
injection syringes, pipettes and animal gaugss, and in other fields as camera bodies, housnngs of varrous measurmg
instruments, films, sheets and helmets.

Random copolymers of this invention in which the mole ratio of the polymerized units from the 1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene to the polymerized units from ethylene is from 10:90 to 90:10, preferably from
15:85 to 80:20 (measured by 3C-NMR analysis), and which have an intrinsic viscosity, measured in decalin at 135°C,
of 0.005 to 0.3 dVg, preferably 0.01 to 0.3 dl/g, especially preferably 0.05 to 0.2 dlfg, a crystallinity, determined by X-
ray ditfraction, of not more than 25%, preferably not more than 10%, a meiting point, measured by a differential scanning
calorimeter, of not more than 128°C, preferably not more than 100°C, a glass transition temperature measured by a
dynamic mechanical analyzer (DMA) made by Du Pont of &f least 80°C; preferably 100 to 220°C, and a viscosity at
280°C of 100 to 2 x 10° centipoises, preferably 100 to 2 x 104 centipoises are of relatively low molecular weight and
have excellent transparency, heat resistance, heat aging resistance, dielectric properties and chemical and solvent
resistance. Hence, they are useful as synthetic waxes in various applications. For example, these low-molecular-weight
random copolymers of the invention can find extensive use as candles, impregnating agents for matchwood, paper
processing agents, sizing agents, rubber antioxidants, waterproofing agents for cardboards, retarders for chemical
fertilizers, heat accumulating agents, ceramic binders, electric insulations far paper condensers and electric wires and
cables, neutron decelerating agents, textile processing aids, water-repelling agents for building materials, protecting
agents for coatings, calendering agents, thixolropy imparting agents, hardness imparting agents for the cores of pencils
and crayons, substrates for carbon ink, electrophotographic toners, lubricants for molding of synthetic resins, mold
mold releasing agents, resin coloring agents, hot-melt adhesives, and lubricating greases.

Novel random copolymers of the invention in which the mole ratio of the polymerized units from the 1,4,5,8-dimeth-
ano-1,2,3,4,4a,5,8,8a-octahydronaphthalena to the polymerized unit from ethylene is from 3:97 to 20:80, prelerably
from 5:95 to 10:90 (measured by 13C-NMR analysis), and which have an intrinsic viscosity, measured in decalin at
135°C, of 0.3 to 20 dVg, preferably 1.0 1o 20 difg, especially preferably 2 to 15 dl/g, a crystallinity, determined by X-ray
diffraction, of nol more than 10%, preferably not more than 5%, a melting point, measured by a differential scanning
calorimeter of not more than 128°C, preferably not more than 100°C, and a glass transition temperature by DMA of
25 to 100°C, preferably 30 to 80°C, have excellent shape memorizing properly and antivibration property in addition
to excellent transparency, heat resistance, chemical and solvent resistance, elsclrical properties, optical properties
and moldability, and show lealher properties. Accordingly, they are uselul as shapes memorizing polymers and antivi-
bralion material.

The alpha-olafins having at least 3 carbon aloms making up monomer component (iii) may ba linear or hranched,
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and prefarably contain 3 to 12 carbon aloms, aspacially 3 1o 6 carbon atoms. Examples includae.peapylona, isobulena,...........d
1-butene, 3-meihyl-1-autane, 1-pantene, 3-methyi-1-pantena, 4-mathyl-1-pentane, 1-hexene, 1-cctana, 1-decana and
1-deduceno.

It should be undarsiced that tha torm "cycloolfing’ broadly includes not only cyclaalefins in the ordinary sense of
tha word, but also styrene and siyrenc darvalives and unsaturated polycyclic hydrecarbon comgounds. Spacilic ex-
amples of the cyclcolefins include cyclabutene, cyclopentens, cyclohaxene, 3,4-dimethylcyclopentane, 3-mathyley.
clchaxene, 2-(2-methylbulyl)- 1 -cyclohexene, styrene, algha-methylstyrene, norkborneneg, methylnarbarnene, ethyince-
bornene, iscbutyincrsornene, 2,3,3a,7a-tetrahydro-4,7-methana-1H-indene and 3a,5,6,7a-tetrahydro-4,7-mathanc-
1H-indene. Of these, cyclcolefing having a norbornene ring, such as norbornene, 5-methyl-2-norbornene, S-ethyl-
2-norbemene, and S-iscbulyl-2-ncrbarnene, are praferred.

When the vanadium cecmpound and the organcaluminium ccmpound are used as the catalyst, the concentration
of the former is acjusted to 0.01 to 50 millimales/liter, preferably 0.01 {0 10 millimoles/liter, and the cencentration of
the latter is adjusted such that the Aliv mole ratio is at least 2:1, preferably not more than 5Q:1, especially preferably
3:1 0 20:1.

In view of the properties of the final random copolymer or multicomponent random cepolymer, the use of the catalyst
composed of a vanadium compound and an organoaluminum compound is preferred in this invention, If desired, how-
ever, the vanadium compound in the catalyst may be replaced by a titanium or zirconium compound. The vanadium-
type catalyst is most prelerred for the use in this invention;

The ratio of the menemers charged varies according to the composition of the desired multi-component random
copolymer, the type of the reaction medium, the polymerization temperature and pressure, and the type of the catalyst.
Generally, the mole ratio of ethylene to the compound of formula (1) in the reaction medium is acjusted to 1:100 to
100:1, preferably 1:50 to 50:1. The mole ratio of the alpha-olefin having at least 3 carbon atoms or cycloolefins to the -
compound of formula (1) is adjusted to 100:1 to 1:100, preferably 10:1 to 1:50. )

The polymerization temperature is generally from -30 to £0°C, and the polymerization pressure is maintained at
0 to 50 kg/em?. A molecular weight controlling agent such as hydrogen may be added to control the molecular weight
of the copolymer. .

The supericr heat resistance of the random copolymer of this invention is substantiated by its high glass transition

. temperature. When measured by a dynamic mechanical analyser (DMA). the glass transition temperature (Tg) of the
- " multi-component randem copolymer of this invention is usually at least 2°C, mostly 30 to 220°C, especially 80 to 200°C.

The heat decomposition temperature of the random copolymer of this invention is.usually 350 to 420°C, mostly
370 to 400°C. The heat decomposition temperature is the temperalure at which weight loss begins when the sample
is heated at a rate of 10°C/min. in a stream of nitrogen by a themmobalance (TGA made by Rigaku Denki Co., Ltd.).

The random copolymer of this invention usually has a flexural modulus of 1 x 10% to 3 x 10% kg/cm?, and a flexural
yield strength usually of 300 to 1500 kg/cm2.

It also usually has a density, determined by the density gradient tube method In accordance with ASTM D1505,
of at least about 0.86 g/cm?, for example 0.86 to 1,10 g/em3, and mostly 0.88 to 1.08 g/cm?, and a refractive index,
determined by ASTM D542, of 1.47 to 1.58, mostly 1.48 to 1.56, It is substantially amorphous, and its haze, determined
by ASTM D1003, is usually not more than 20%, mostly not more than 10%. .

Furthermore, the random copolymer of this invention has a dielectric constant of 1.5 to 4.0, mostly 1.7 t0 2.6, and

- a dielectric tangent of 5 x 10-3 to 5 x10-5, mostly 3 x 104 to 9 x 10~5, when they are measured in accordance with
ASTM D150 at 1 kHz. It also has excellent chemical resistance and undergoes substantially no change when exposed
to acids or alkalis.

The random copolymers of this invention are molded by known methods. For example, they can be extrusion-
molded, injection-molded; blow-molded, or rotationally molded by using, for example, a vent-lype extruder, a twin-
screw extruder, a conical twin-screw extruder, a Cokneader, a plasticator, a mixtruder, a twin conical screw extruder,
a planetary screw exriruder, a gear-type extruder or a screwless extruder. In the molding process, known additives
such as heat stabilizers, light stabilizers, antistalic agents, slip agents, antiblocking agents, antihaze agents, lubricants,
inorganic and organic fillers, dyes and pigments may be used as required.

Phenolic or sullur-type antioxidants may be cited as examples of such additives. The phenolic antioxidants include,
for example, phenols such as 2,6-di-tert-butyl-p-cresol, stearyl (3,3,-dimethyl-4-hydroxybenzyljthioglycolate, stearyl
beta-(4-hydroxy-3,5-di-tert-butylphenol)propionate, distearyl 3,5-di-terl-butyl-4-hydroxybenzyl phosphate, 2,4,6-tris
(3',5'di-tert-butyl-4"-hydroxybenzylthio)-1,3,5-lriazine, distearyl (4-hydroxy-3-methyl-5-tert-butylbenzyl)malonate,
2,2-methylenebis(4-melhyl-6-tert-butyiphenol), 4,4'-melhylenebis(2,6-di-lert-butylphenol),  2,2"-methylenebis[6-
(1-methyicyclohexyl)p-cresol], bis(3,5-bis(4-hydroxy-3-lert-butylphanyl)butyric acid} glycol estar, 4,4-bulylidenebis
(6-tert-butyl-m-crasol), 1,1 +3-tris(2-mathyl-4-hydroxy-5-tert-butylphenyl)buteno,  bis[2-tert-butyl-4-methyl-6-{2-hy-
droxy-3-tert-bulyl-S-methylbenzyl)pheny!] tarephthalate, 1,3,5-tris(2,6-di-mathyl-3-hydroxy-4-tert-butyl)benzyl Isacya-
nurate, 1,3,5-ris(3,5-di-lert-butyl-4-hydroxybanzyl)-2,4,6-lrimethylbenzene, telrakis(mathylene-3-(3,5-di-tert-butyl-
4-hydroxyphenyl) propionatejmethana, 1,3,5-lris(3,5-di-lerlbutyl-4-hydroxybenzyl) Isocyanurate, 1,3,5-lrs{(3,5-di-lert-
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piule tetra(tricecyl)-4,4-butylidenebis{3-methyl-3-tert-butylphenal) diphosphite, tris(3,5-di-tert-butyl-4-hydroxyphenyl)
phosphite, tris(mono-ci-mixed nonylphenyl) phosphite, hydrogenated 4,4'-isopropylidene ciphenol polyphosphite, bis
(cctylphenyl).bis(4,4'-butylidenebis(3-methyl-6-tert- butylphenol)]. 1.6-hexanediol diphosphite, phenyl-4,4"-isopropylid-
enediphencl-pentaenythritol diphosphite, bis-(2,4-di-tert-butylphenylipentaerythritol diphosphite, bis(2.6-di-tert-butyl-
4-methylphenylipentaerythritol diphosphite, . tris[4,4"-isopropylidenebis(2-tert-butylphenol)] phosphite, phenyldiiso-
decyl phosphite, di{nenylphenyl}-pentaerythritol diphesphite, tris(1,3-di-stearoyloxyisopropyl) phosphite, 4.4 -isapro-
pylidenebis{2-tert-butylphenal)-di{ncnylphenyl) phosphite, 8,10-dihydro-8-oxa-10-phosphaphenanthrene-10-oxide,
and tetrakis(2,4-ci-tert-butylphenyl)-4,4'-biphenylene diphosphanite.

There can also be used 8-hydroxycoumarone derivatives such as alpha-, beta-, gamma- and delta-tccopherols
and mixtures thereol, a 2,5-dimethyl-substitution product, 2,5,8-trimethyl-substituted product or 2,5,7,8-tetramethyl-
substituted preduct of 2-(4-methyl-pent-3-eny)-6-hydroxy-coumarone, 2,2,7-trimethyl-5-tert-butyl-8-hydroxycoamar-
one, 2,2,5-trimethyl-7-tert-butyl-8-hydroxycoumarone, 2,2, 5-tr|methyl-6 -tert-butyl-6-hydroxycoumareone, and 2,2-di-
methyl-5-tert-butyl-8-hydroxycoumarone,

It is also possible to incorporate a compound of tormula

M, Al (OH) oy, ay.22(A).2H,0
wherein M represents Mg, Ca or Zn, A is an anion other than a hydroxyl anion, x, y and z are posmve numbers,
and a represents 0 ¢r a positive number.

Examples of the compounds of the above formula are

MggAl,(OH),5CO4-4H,0,
Mgz Al,(OH),,CO,-5H,0,
MggAl,(OH),,CO4-4H,0,
MgmAlz(OH)zz_(Cos)z-4H20.
MggAl,(OH),gHPO4-4H, 0,
CagAl,(OH),4CO4-4H,0,
ZngAl,(OH),C0O;4-4H,0,
ZngAl,(OH),650,.4H,0,
MggAl,(OH),6S0,-4H,0,

and
MggAl, (OH),,C04-3H,0.,

There may also be added an antioxidant having a 2-benzofuranone skefeton, such as 3-phenyl-2-benzofuranone
and 3-phenyl-4,6-di-l-butyl-2-benzoluranone as disclosed in Japanese Laid-Open Patent Publication No.
501,181/1980,

Examples of the light stabilizers include hydroxybenzophenones such as 2-hydroxy-4-methoxybenzophenone,
2-hydroxy-4-n-octoxybenzophenane, 2,2'-dihydroxy-4-melhoxybenzophenone and 2,4-dihydroxybenzophenone; ben-
zotriazoles such as 2-(2"-hydroxy-3'-tert-butyl-5'-methylphenyl)-5-chiorobenzotriazote, 2-(2'-hydroxy-3',5di-tert-butyl-
phenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-5'-methylphenyl)benzotriazole and 2-(2-hydroxy-3',5-di-tert-amylphe-

. nyljbenzotriazole; benzoates such as phenyl salicylate, p-tert-butylphenyl salicylate, 2,4-di-tert-butylphenyl-3,5-di-tert-
butyl-4-hydroxybenzoate and hexadacy!-3,5-di-lert-bulyl-4-hydroxybenzoale; nickel compounds such as 2,2-thiobis
(4-tert-octylphenol) nickal sall, (2,2"-thiobis(4-lert-aclylphanolate))-n-butylamine nickel salt and (3,5-di-tett-butyl-4-hy-
droxybenzyl)phosphonic acid monoathyl ester nickel sall; substituted acrylonitriles such as methyl alpha-cyano-beta-
methyl-beta-(p-methoxyphenyl)-acrylate; oxalic acid dianilides such as N'-2-ethylphanyl-N-athoxy-5-tert-bulylpheny!
oxalic acid diamide and N-2-ethylphenyl-N'-2-athoxyphenyl oxalic acid diamido; and hindered amine compounds such
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as bis(2,2,6 6-tatramathyl-4-piperidine)sebacate, poly((6-(1,1,3,3-tetramathyibutyl)-iming)-1,3,5-lriazine-2,4-diyl 4-
(2.2.6,6-letramelhylpiperidyl)imina)hexamethylane} and a condensation product ol dime ceirate-and-2-{4-hymm..
) droxy-2,2,6,8-letramethyl- 1-piparidyl)ethanal.

Examples of the lubricants include aliphatic hydracarbans such as paraffin wax, polyathylene wax and palypro-
pylene wax; higher (atty acids such as capric acid, lauric acid, myristic acid, palmitic acid, margaric acid, stearic acid,
arachidic acid and behenic acid; metal salts of higher tatty acids such as lithium, calcium, sedium, magnesium and
potassium salls of the above-exemplified fatty acids; aliphatic alcohols such as palmityl alcohal, celyl alcohol and
stearyl alcohol; aliphatic amides such as caproic amide, caprylic amide, capric amide, lauric amide, myristic amide,
palmitic amide and stearic amide; esters formed between fatly acids and alcohols; and fluorine compounds such as
fluoroalkylcarboxylic acids metal salts thereof, and metal salts of fluoroatkylsuifonic acids.

Examples of the fillers include inorganic or organic fibrous fillers such as glass fibers, silver- or aluminium-coated
glass fibers, stainless steel fibers, aluminium fibers, potassium titanate fibers, carbon fibers, whiskers, Keviar® fibers
and superhigh elastic polyethylene fibers; and inorganic or organic powdery, granular or fiaky fillers such as tale, calcium
carbonate, magnesium hydroxide, caicium oxide, magnesium sulfate, graphite, nickel powder, silver powder, copper
powder, carbon black, silver-coated glass beads, aluminum-coated glass beads, aluminium flakes, slainless steel
flakes and nickel-coated graphite.

The random copolymers of this invention may be used as a blend wtih various known polymers. Examples of such -
known polymers are:

{A) Polymers derived trom hydrocarbons having 1 or 2 unsaturated bonds

Polyolefins, such as polyethylene, polypropylene, polyiscbutylene, paly(methylbutene-1), poly(4-methylpen-
tene-1), poly(butene-1), polyisarpene, polybutadiene and polystyrene, or crosslinked products thereo.

Copolymers of the monomers constituting the above polymers with each other, such as ethylene/propylene
co-polymer, propylene/butene-1 copolymer, propylene/isobutylene copolymer, styrenefiscbutylene copolymer, sty-
rene/ butadiene copolymer, terpolymers of ethylene, propylene and dienes such as hexadiene, bicyclopentadiene
and 5-ethylidene-2-norbornene, and terpolymers of ethylene, butene-1 and dienes such as hexadiene, dicyclopen-
tadiene and 5-ethylidene-2-norborne.

Blends, grafted polymers, and block copolymers of these polymers may also be cned
(B) Halogen-containing vinyl polymers

Polyviny! chloride, polyvinylidene chioride, polyviny! fluoride, polychloroprene, and chiorinated rubbers
(C) Polymers derived from alpha,beta-unsaturated

carboxylic acids or the derivatives thereof Polyacrylate polymethacrylate, polyacrylamlde and polyacryloni-
trile.

Copolymers ‘of the monomers constituting the above-exemphhed polymers with other copolymerizable mon-
omers, such as acrylonitrile/butadiene/styrene co-polymer, acrylonitrile/styrene copolymer, and acrylonitrile/sty-
rene/acrylate copolymer.

(D) Polymers derived from unsaturated alcohols,

amines, acyl derivatives thereof, or acetals Polyvinyl alcahol, polyvinyl acetate, polyvinyl steatate, polyvinyl
benzoate, polyvinyl maleate, polyviny! butyral, polyallyl phthalate and polyallylmelamine, -

Copolymers of the monomers constituting the abova-exemplified polymers with other copolymerizable mon-
omers, such as ethylene/vinyl acetate copolymer.

(E) Polymers derived from epoxides
Polyethylene oxide and polymer derived from hisglycidy! ether.
{F) Polyacetals
Polyoxymethylene, polyoxyethylene, and polyoxymethylene containing ethylene oxide.
(G) Polyphenylene oxide
(H) polycarbonate
(1) Polysulfone
{J) Polyurethane and urea resins
{K) Polyamides and copolyamides derived from diamines and dicarboxylic acids and/or aminocarboxylic acnds or
the corresponding lactams
Nylon 8, nylon 66, nyloN 11, and nylon 12,
(L) Polyamide-polyethers
(M) Polyesters derived from dicarboxylic acids and dialcohols and/or hydroxycarboxylic acids or the correspondlng
4 lactones

Polysthylene terephthatats, polyhutylene terephthalate and poly(1 4-damethy|olcyclohexane terephthalatae).

(N) Crosslinked polymers derived {rom aldshydes
and phenols, urea or melamine Phanol/formaldehyds resin, urea/formaldehyde rasin, and melamina/formal-
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dehyda rasin.
{Q) Alkyd rasins

Glycarin/phthalic acid resin,
(P) Unsaturalad polyester resins darived from copolyasters of saturated and unsaturated-dicarhoxylic.acids.and...;
polyhydric alcchols using vinyl compaunds as crosslinking agents, and halogen-containing modified resins thereo,
(Q) Natural polymers

Callulase, rubber and prolein, or darivatives theraol, such as cellulosa acetata, cellulose propionate, cellutose
acetate and callulose ether.

When the copolymers of this invenlion are used as synthetic waxes, they may, of course, be mixed with various
known waxes.

The random ccpolymers of this invention may be used as a blend with each other.

The lollowing Examples further illustrate the present invention.

EXAMPLE 1

A thoroughly dried 500 mi separable flask was fitted with a stirring vane, a gas blowing inlet tube, a thermometer
and a dropping funnel, and thoroughly purged with nitrogen.

Toluene (250 ml),dehydrated and dried by a molecular sieve, was put into the flask.

While nitrogen was passed through the flask, 3.8 g of each of the compounds (a) in Table 1 as DMON, 3.8 g of
each of the comgounds (f) shown in Table 1 as a cycloolefin,"and 2.5 millimoles of ethy! aluminum sesquichloride were
introduced into the flask, and 0.25 millimole of vanadium oxytrichloride (VOCI,) was added to the dropping funnel.

A gaseous mixture composed of dry ethylene (20 liters/hr) and nitrogen (40 Iiters/hr) was passed into the flask
kept at 10°C for 10 minutes through the gas blowing inlet tube,

From the dropping funnel, ethy! aluminum sesquichloride was added to start the copolymerization. While passing
the gaseous mixture, the copolymerization was carried out at 10°C for 30 minutes.

During the copolymerization, the solution was uniform and transparent, and na precipitation of the co-polymer was
observed.,

Methano! (5 ml) was added to the polymer solution to stop the copolymerization reaction.

- The polymer solution after the stopping of the reaction was poured into large amounts of methanol and acetone
to preClpltate the copolymer. The precipitate was further washed wrth acetone, and dned m vacuo for one day at 60°C
to obtain 8.1 g of the copolymer.

The copolymer had an ethylene content, measured by 1=’C-NMH analysis, of 55 mole%. an intrinsic viscosity, meas-
ured in decalin at 135°C, of 4.2 dl/g, an lodine number of 0.7, and a density, measured in accordance with ASTM
D1505, of 1.009 g/em3.

To measure its dynamical properties, the co-polymer was molded into sheets having a thickness of 1 and 2 mm
by a hot press at 230°C. X-ray difiraction analysis of these sheets shows that no scattering by crystals was observed,
and the sheets had a crystallinity (We) of 0%. Transparency was measured on the 1 mm-thick sheet by a haze meter
in accordance with ASTM D1003-52, and found to be 8%. The sample has a refractive index (nP), in accordance with
ASTM D542, of 1.527. Flexural modulus and flexural yield strength were measured on the 2 mm-thick press sheet in
accordance with ASTM 0790, and were found to be 2.2 x 104 kg/em?2 and 950 kg/cm?, respectively. The glass transition
temperature Tg was found to be 135°C by measuring the loss modulus E* at a temperature elevating rate of 5°C/min.
by a Dynamic Mechanical Analyzer made by Du Pont, and determining Tg from its peak temperature. To delermine
the melting point Tm, the sample was heated at a rate of 10°C/min. in the range of -120 to 400°C by DSC (990 type
made by Du Pont). The melting curve (peak) was not observed. The sample also had a heat decompositiontemperature,
measured by a thermobalance (TGA), of 381°C.

The electrical properties of the copolymer were measured at 1 kHz by a dielectric loss measuring device made by
Ando Electric Co., Ltd. It was found to have a dielectric constant of 2.1 and a dielectric tangent {tan 5} of 3.0 x10-4,

To examine the chemical resistance of the sample, the press-lormed sheet was immersed at room temperature
In sulluric acid (97%), aqueous ammonia (20%), acetone, and ethyl acetate for 20 hours, and then Its appearance was
observed. There was no change in colour, reduction in transparency, deformation, dissolution, nor cracking.

EXAMPLES 2-11

The copolymerizalion reaclion condilions were changed as shown in Table 2, otharwise, the same operation as
i InExample 1 was performed. The resulls are shown in Tables 3-1 and 3-2. Tables 2, 3-1, and 3-2 also give the conditions
and rasulls used and oblained in Example 1.
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EXAMPLE 12

The same copolymerization as in example 1 was carrled out except that 60 g of 2-methyl-1,4,5,8-dimethano-
1.2,3,4,4a,58 8a-octahydronaphthalene, 100 millimoles of ethy! aluminum sesquichloride and 10, millimoles of dichlo-
roethoxyoxovanadium were used, the flow rate of ethylena was changed to 320 litars/hr, hydrogen was used instead
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of nitrogen at a flow rate of 280 litars/hr, and thy polymarization temparatura was changed lo 30°C,

Thara was cblainad 17.2 g of a copolymaer having an athylene contant of 60 mole%, an athyinorbornane conlent
of 20 moala%, an intrinsic viscosily, maasuraed in dacalin at 135°C, of 0.15 dl/g, and an iodina number of 0.9, The
viscosity of tha copolymer, measured at 750 rpm and 280°C by an Emila-rheamalar {importad by Yagami Co., Lid. )
was 2.2x103 cenlipaisas.

Tha ccpalymer was molded inlo a prass sheet having a thickness of 1 mm at 200°C. The sheel was cansiderably
beittle. It had a erystallinity (We), detarmined by X-ray dilfraction, of 0%. When it was subjected to a differential scanning
calorimeter (Type 950 made by Du Pont) at a temperature elevating rate of 5°C/min., no msiting peak was observed,
The soltening temperature of the copalymer, measured by a needle penetration degree measuring device of Du Pont
(TMA: thermamechanical analyzer, load 49 g, quanz needle with a diameter of 0.025 mm) at a temperature elevating
rate ol 10°C/min,, was 125°C. The copolymer had a haze, determined substantially in accordance with ASTM
D1003-52, of 11%. To examine its chemical resistance, the sample was immersed for 20 haurs in 97% sullucic acid,
20% agueous ammgnia, acetone and methyl acetate, and its appearance was then observed, No reduction in colour
and transparency was observed. .
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Claims
1. A transparent random copolymer, characterised in that

(A) it consists essentially of (i) polymerized unils derived from at least one 1,4,5,6-dimethanc-1 2 3.4.4a,
§,8,8a-cctahydronaphthalene represented by the tormula (1)

R

1
R

2

wherein R; and R, are the same or different and each represents a hydrogen atom, a halogen atom or an
alkyl group, or R, and R, may be bonded to each other o form a trimethylene group or a group represented
by the formula

4
in which Ry and R, are the same or different and each represents a hydrogen atom, a halogen atom or an
alky! group (i} polymerized units derived from éthylene and (iii) polymerized units derived from at least one
alpha-olefin of at least 3 carbon atoms andfor a cycloolefin in addition to that of farmula (1),
(B) the mole ratio of polymerized units derived from the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaph-
thalene to polymerized units derived from ethylene is from 3:97 to 95:5,
(8') the mole ratio of polymerized units derived from the at least one alpha-olefin and/or.cycloolefin to the
polymerized units derived from the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene is from 95:5
to 20:80, and
(C) the 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene is incorporated in the polymer chain as
polymerized units represented by formula (2)

Ry

e (2)

wherein R; and R, are as defined abave,

2. Arandom copolymer according to claim 1 which has an Intrinsic viscosity, measured in decalin at 135°C, of 0.005
o 20 di/g.

3. A random copolymer according to claim 1 or 2 wherein at feast one of R, and A, Is an alkyl group.

4. A random capolymer according to claim 1, 2 or 3 which has a glass (ransftion temporaiure of at least 2°C. .
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A process for producing a random copolymer as claimed in any one of the precading claims which comprisas
copolymerizing a monomer mixture consisting essentially of ethylene, at least one alpha-olefin of at least 3 carbon
atoms and/or cycloolefin, and at least one 1,4,5,8-dimathanc-1,2,3,4,4a,5,8,8a-octahydronaphthalens of formula
(1) as defined in claim 1 in a hydrocarbon medium in the prasence of a catalyst formed from a vanadium, titanium
or zircanium compound and an organoaluminium compound which are soluble in the hydracarbon medium and
under a pressure of up to 4.9 MPa (0 to 50 kg/cm?).

Shaped articles of a random copolymer as claimed in any one of claims 1 to 4.

| \\\\\l\\ \\\\\\ L] \\l\\ ! \\\\

// .

T s Been R Replaced " -

"




%Q%}% j " EPLAGEMENT SHEET |
7095 wopy 0% AR 1998

REPLACEMENT SHEET

- 14 -

of nitrogan at a llaw rata of 280 litars/he, and tha palymarization lamparatura was changad ta 30°C,

Thara was abtained 17.2 g of a copolymar having an athylana contant of 60 mala%, an athylnarbamana contant
of 20 mala%, an intrinsic viscosily, maasured in dacalin at 135°C, af 4.15 di/g, and an ladina numbar of 0.9. Tha
vigcasity of the copolymer, maasurad at 750 rpm and 280°C by an Emila-rheometaer (imported by Yagami Co., Lid.),
was 2.2x107 centipaises, : '

Tha cepolymer was malded into a prass sheet having a thicknass of 1 mm at 200°C. Tha sheet was cansiderably
brittle. ithad a crystallinity (W*), delermined by X(-ray dillraction, of 0%. When it was subjected (o a dilferantial scanning
calarimeter (Type 950 made by Ou Pont) at a tamperalure elevaling rate of 5°C/min., no melting peak was absarved,
The softening temperature of the copolymer, measured by a neecle penetraticn degree measuring davice of Du Pant
(TMA: thermemechanical analyzer, load 49 g, quanz aeedle with a diameter of 0.025 mm) at a temperatura elevating
rate of 10°C/min.. was 125°C. The copolymear had a haze, determined substantially in accordance with ASTM
D1003-52, ¢f 11%. To examine its chemical resistance, the sample was immersed lor 20 haurs in 97% sulludc acid,
20% aqueous ammenia, acatcne and methyi acetate, and its appearance was than abserved. No reduction in colour
and transparency was cbserved, " :
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1. A transparent random copolymer, characterised in that

(A) it consists essentially of (i) polymerized units derived lrom at least one 1,4.5.8-dimethana-1,2,3,4,4a,
§.8,8a-cctahydranaphthalene represented by the formula (1) i

Ry

oo —

®a

wherein R, and R, aré the same or dilferent and each represents a hydrogen atom, a halogen atom or an
alky! group, or F; and R, may be bonded to each ather to form a trimethylene group or a group represented

by the formula :
¢
R, |

in which fi; and R, ara the same or different and each represents a hydrogen atom, a halogen atom or an
aiky! group (ji} polymerized units derived {rom éthylene and (jii) polymerizad units derived {rom at least one
alpha-olefin of at least 3 carbon atorns and/or a cycloolefin in addition to that of formuia (1),
(8) the mole ratio of polymerized units derived irom the 1,4,5,8-dimethano-1,2,3,4,43,5,8,8a-cstahydronaph-
thalene to polymerized units derived from ethylene is from 3:97 1o 95:5,
(8') the mole ratic of polymaerized units derived from the at least one alpha-olefin and/or. cycloolefin to the
polymerized units derived from the 1,4,5,8-dimsthano-1,2,3,4,4a,5,8,8a-octahydranaphthalene is from 95:5
to 20:80, and ’
{C) the 1.4,5,8-dimethano-1,2,3,4,42,5.8,8a-cctahydronaphthalene is incorporated in the pelymer chain as
polymerized units represented by formula (2)
R
1 .
— (2)

wherain R, and R, ara as dafined above.

2. A random copolymer accarding to claim 1 which has an intrnsic viscosity, measurad in decalin at 135°C, of 0.005
to 20 dVg.

3. A random copolymar according lo claim 1 or 2 wharain at least one of R, and A, s an alkyl group.

4. A random copolymar according lo claim 1, 2 or 3 which has a glass transition temparature of at least 2°C,

5. A process lor praducing a random copolymer as claimed in any ona of the preceding claims which comprises
copalymerizing a monomer mixture cansisting assentially of ethylana, at least one alpha-olafin of at least 3 carbon
atoms and/ar cyclaclefin, and at laast ona 1,4,5,8-dimethana-1,2,3,.4,4a,5,8,8a-actahydronaphthalena of formula
(1) as defined in claim 1 in a hydracarbon medium in the prasence of a catalyst lormed Irom a vanadium, titanium
or Zirconium compound and an' arganoaluminium compound which are scluble in the hydracarbon medium and
under a pressure of up t 4.9 MPa {0 to 50 kg/em?).

§. Shaped articles of a random copalymer as claimed in any ona of claims 1 to 4.
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ABSTRACT b D EPLACEMENT-SHEET
RANDOM COPOLYMER

A random copolymer composed of ethylene, a
1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a~octahydronaphthalene and
optionally an alpha-olefin having at least three carbon atoms
or cycloolefin. The mole ratio of polymerized units from the
1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a~octahydronaphthalene to
polymerized units from ethylene is from 3:97 to 95:5 and the
'1,4,5,8-dimethano~-1,2,3,4,4a,5,8,8a~octahydronaphthalene is
incorporated in the polymer chain as polymerized units
without ring-opening. '

The copolymer is prepared by copolymerizing ethylene,
optionally the alpha-olefin of at least 3 carbon atoms or
cycloolefin, with the 1,4,5,8-dimethano~-1,2,3,4,42,5,8,8a-"
octahydronaphthalene in a hydrocarbon medium in the presence
of a catalyst formed from a vanadium compound and an
organoaluminum compound which are soluble in the hydrocarbon
medium. .

The copolymer has excellent transparency and a well
balanced combination of heat resistance, heat aging
resistance, chemical and solvent resistance, dielectric
properties and mechanical properties such as rigidity.



