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i'nvention relates to.a novel random copolyner c M l ast

r

potymeri-zed units from ethyl ene and po- |yneriz cycl ool efin
'asinnqgners and a process for product;om fhereof. Mre specifically, it
rel'ates ‘to a cycloolé¢|n typo randon1copo|yner havi ng excel | ent

t ransparency, BENRANDOR RQLYMH ! 3

resi st ance, sol vent resi st ance, diel ectric properties and mechani cal

properties and a narrow i £Civén¥fofiNtelates to a novel random co-
polyper]cbmprisihg at least polymerized units from
ethylene and polymerized units from a cycloolefin as
monomers, and a process for production thereof. More
5 specifically, it relates to a Cycloolefin type random
copolymer having excellent transparency, thermal re-
 sistance, heat aging resistance, chemical resistance,
solvent resistance, dielectric properties and mechanical
"propertiés and a narrow molecular weight distribution.

10 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 tzansparency, but _

15 have the defect of poor chemical resistance whereby it is
readily attacked by strong alkalies. Poly(methyl meth-
acrylate) 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 tere-

20 phthalate has excellent heat resistance and mechanical
properties but has the'defect of possessing weak resist-
ance to strong acids or alkalies and being susceptible to
hydrolysis.

_ Many of polyolefins well known as general-

25 purpose resins have excellent chemical resistancé, solvent
resistance and mechanical properties, but have poor heat
resistance. Furthermore, they have poor transparenéy
because they are crystalline. The transparency of poly-

~ olefins is generally improved by adding a nucleating agant

30 to render the crystél 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
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distribution. Polycarbonate, poly(nmethyl nethacrylate) and polyfethvliene » eplaced:
tergphthal ate) are known as synthetlc resins having excellent t

The pol ycarbonate resin has excell ent heat resistance, heat aglbmlﬂnlﬂﬂ[imlll
resi stance and i npact strength as well as excellent transparenc

the defect of poor chem cal resistance since it is readily attacked by

strong al kalis. Poly(nethyl nethacryhﬂe% has the defect that it is
suscepti bl e texeellentbpropeytissiaf dheag@elyrlefiths ol UBwmethecmovel | thei n

et her, and hgﬁ“éﬂ%hﬂ tmgﬁﬁﬁl.%t Fedfui rell Vel FYe BCal & eplipinent & 8RS is

excellent he resi st ance
also likely to reduce heat resistance or rigidity with a

decrease in crystallinlty.

5 On the other hand, methods have been proposed
for producing polymers having superior-transparency by
copolymerizing ethylene with bulky comonomers. U. S.
Patent 2,883,372 discloses a copolymer of ethylene with
2,3-dihydrodicyclopentadiene. This copolymer has a well

10 balanced combination of rigidity and transparency but low
heat resistance as shown by its glass transition tem-
perature of about 100 °c.

Japanese Patent Publication No. 14,910/1971
.discloses a process for producing a homo~- or co-polymef

15 having polymerized units represented by the following -

 formula (a)

--- (a)

R
AN s
wherein R is hydrogen or a lower alkyl group,
which comprises polymerizing all 4,5,8-dimethano-
20 1,2,3,4,4a,5,8, 8a-octahydronaphtha1ene represented by the
following formula (b)

. R

wherein R is as defined above,
alone or with a cyclic olefin selected from styrene,

25  acenaphthylene, bicyclo-[2.2.1]heptene-2, alkyl-substi-
tuted products of the heptene and cyclopentene in the
presence of an alcohol as a reducing agent using a halide
of a noble metal such as ruthenium as a catalyst.
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mechani cal properties but has the defect of possessing weak res
strbng acids or alkalis and of being sus- ceptible to hydrolysi ﬂl’%ﬂm ””,”"I
resi stance, solvent resistance and nech nical properties, but have poor
heat resistance. Furthernore, the e poor transparenziqtigtj hey are
I
add:c ng a nucl ¢bhétBaRe<l}2}3, 458865 , Bl 8asbytiadlydrionaphtha ldmes, as)rpawt
perform ng q“enc& Yhd18" 6B }nQSo%E‘B‘é" Bng nEthod o Proatidt iBi M éfe Ve
5 cations Nos. 159,598/1975, 127,728/1983, 51,911/1984,
81,315/1984 and 81,316/1984 and U. S. Patent 4,178,424.
documents are ring-opened polymers having polymerized
units resulting from ring-opening of monomers as in the
understood from the formula (a), these ring-opened
polymers are structurally characterized by the fact that
linkage. Because of the presence of the unsaturated vinyl
15 1linkage, these polYmers have poor heat aging resistance.
art documents are ring-opened polymers obtained by the
ring scission of monomer. U. S. Patents 3,330,815 and
20 Edition, volume 12, 1607-1618 (1974) describe polymers of
" the type obtained by the opening of the double bond of
skeleton of the monomer.
- U. s. Patent 3,330,815 discloses that a polymer

- This-Sheet Has een Replaced
pol yol efi'ns wel |l known as general - purpose resins have excel |l ent
crystal line. The transpBPBATYO8f € oP?XV@FFﬁsqqyﬂj%iéﬂﬂ
not proved t
of are also disclosed in Japanese Laid-Open Patent Publi-
The polymers disclosed in these'prior art
10 polymerized units represented by formula (a). 'As can be
the main polymer chain contains an unsaturated vinyl
All of the polymers described in the above prior
3,494,897 and Journal of Polymer Science: Polymer Physics
monomer without the ring scission of the bicyclohept- 2-ene
25 comprising polymerized units of the following formula (c)

=== (¢)

or the substitution product thereof is obtained from
bicyclof2.2.1}hept-2-ene of the following formula (4d)

O e

30 or its substitution product.
U. S. Patent 3,494,897 discloses a process for
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entirely effective.: Rather, the addition of a third coff ch_as the
nucl eating.agent is likely to inpair the inherent exqellQﬂEg&h;éL pagedo f
t het pol yol efins. Furthernore, the quenching method ré{quim,mlﬂ J e

equirpment, and is also |likely to reduce heat resistance’ f th a

decrease in crystallinity. On the other hand, nmethods have been proposed
for producing pol yners having superior-tgansparency by copo- |ynerizing

et hyl ene with_bulky . S. 3V 2. dis SR
of 5t byl ene WPERAYESHYTH0 Ui me D of AL Ay End VLK Ca hIEYRIBT 2220900 VTP
bal anced conbhepti-arese Teprasented by sbhefehtgwing f@ﬁﬂﬁiat(ﬁé-

Q e

R R!

Example 44 and claiﬁ 92 of this patent discloses a co-
5 polymer of ethylene with tetracy510[6.2,1,13'6.02'7]-4-
dodecene of the following formula (f) encompassed within

the formula (e)

. and ethylene. The Patent does not describe the content of

10 the tetracyclododecene of the copolymer of Example 44.
When it is calculated under the assumption that alllof
the'tetracyclododecene charged was introduced into the
polymer, the polymer contains polymerized units derived
from about 2 molet at most of the tetracyclododecene.

15 y., S. Patent 3,494,897 does not at all describe specifi-
cally copolymers of ethyléne with tetracyclododécenes
other than the tetracyclo[G,z,1,13'6,02'7]-4-dodecene of
formula (f). -

. Journal of Polymer Science: Polymer Physics
20 Egdition, volume 12, 1607-1618 (1974) discloses copolymers
- of ethylene and norbornene derivatives having dynamic
mechanical ptoperties. Table 1I of this document shows a
copolymer of ethylene containing 1 molet of polymerized

. units derived from the same compound as formula (f) (named

25 octahydtodiméthanongphthalene in this document). Table 1V
thereof states that this copolymer has a beta-relaxation
temperature of 15°¢. _

_ The copolymers described in these prior art
references which contain only 2% at the largest of

30 octahydrodimethanonaphthalene have a glass transition
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S|stance as_shown by its glass transition tenperature of a
Japanese Patent Publication No. 14,910/1971 discl oses a pr
produci ng a homo- or co-pol yner having polynerized units r
following formula (a) [err] (a) wherein Ris hydrogen ora

b een Replaced
oC
epy

Iomeralkyl group,

whi ch conpri ses. pol ynerizing a 1, 4,5, 8digmt hano-1, 2, 3, 4, 4a, 5, 8, 8a-

10

15

20

25

30

temperature of about 15°C at the highest. They strongly
exhibit a rubbery nature and have poor heat resistance and
mechanical properties. |

U. S. Patent Application Serial No. 696,161
(Ehropean Laid-Open Patent Application No. 0156464) dis-

closes .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 3 carbon atoms

‘or a cycloolefin, wherein the mole ratio of polymerized

units from the 1,4,5,8~dimethano-1,2,3,4,42,5,8,8a-octa-
hydronaphthalene to polymerized units from ethylene
is from 3:97 to 95:5 and the 1,4,5,8~dimethano-
1,2,3,4,42,5,8, 8a-octahydronaphthalene is incorporated
in the polymer chain as polyme:zzed units without rzng-
opening.

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

QO

said copolymer having a density in the range of 0.96 to

1.02 and being capable of being compressxon-molded at
elevated temperatures into tough films.

It is an object of this invention to provide a
novel random copolymer.

'_ Another object of this invention is to prov;de
a novel random copolymer having excellent transparency,
ther: .1 resistance, heat aging resistance, chemical re-
sistance, solvent resistahce, dielectric properties and
mechanical properties. '

Still another objects of this invention is to
provide a novel random copolymer having a narrow molecular
weight distribution. : .

Further objects and advantages of this invention
will become apparent from the following description.

REPLACED
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oct ahydr onapht hal ene represented by the fol | owing formula Chi Imwﬁ
is as defined above, alone or with a cyclic olefin selected
aoenapht hyl ene, bicycl o-]2, 2, 1] hept ene-2, al kyl - substltuted
heptene and cycl opentene in the presence of an al cohol as a. redUC|ng agent
using a halide of a noble metal such as rutheniumas a catal yst.
According to this invention, the above objects
and advantages are achieved by a novel random copolymer
characterized in that
(A) the copolymer comprises polymerized units
5 from ethylene and polymerized units from at least one
cycloolefin selected from the group consisting
of compounds represented by the following formula (I)

=== (I)
whereln Rl, Rz, R3. R4, R5 RG, R7 and R8 are
10 identical or different and each represents a

hydrogen atom, a halogen atom or a hydrocarbon
group having 1 to 10 carbon atoms, and R9 and
Rlo are identical or different and each re~
presents a hydrogen atom, a halogen atom or a

15 ~  hydrocarbon group hav1ng 1 to 10 carbon atoms,
or R9 and R10 are bonded to each other to form a
group of the following formula

’/”_115\\\ 12)1

Nz

in which R and R}2 are identical or different

20 and euch represents a hydrogen atom, a halogen
' atom or a hydrocarbon group having 1 to 10

carbon atoms, and £ is an integer of 3 or 4, and

n is 0 or a positive integer of 1 to 3,

(B) the mole ratio of the polymerized units from
25 the cycloolefin to the polymerized units from ethylene is

from 3:97 to 60:40, -
(C) the cycloolefxn of formula (I) is incorpo-
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Hono-

or co-polyners conprising the 1,4,5,8-dinethano-1
,2,3,4,4a,5, 8, 8a- oct ahydronapht hal ene as part or the whol eUM

met hods for production thereof are also disclosed in Japan

Pat ent Publications Nos.

159, 598/ 1975, 127,728/1983, 51, 911/1984,

81, 315/ 1984 and 81, 31611984 and U. S. Patent 4,178, 424. The polyners
di scl osed in these prior art dOCUﬂEntS-éUIBJing opened pol ymers havi ng

pol ymeri zed unkageaegulgh@gpbu
pol yneri zed units rgphese

t fgate

formula (a),

the fact that the main polyner chalg cont ai ns
. 'R

erri r&
OI‘ITU

dSu fté“z

épFe-
can e un erst 00 rom

%WbGiyﬂPP

¥- & Sn%& ﬁ&%sf%ﬁ@ﬂsﬂ {®flral Iy characterized by

7

-== (1I)

wherein all symbols are as defined'above,

(D) the copolymer
{n], measured in decalin at
(E) the copolymer

 tribution (Mw/Mn), measured

graphy, of not more than 4,

has an intrinsic viscosity
135°C, of 0.01 to 20 di/g,
has a molecular weight dis-
by gel permeation chromato-
and '

This Sheet Has Been' Replaced

10 has a crystallinity, measured

(F) the copolymer
by X-ray diffractometry, of 0 to 10%.
' According to this invention, the novel random
' copolymer of the invention can be produced by a process
which comprises continuousiy copolymerizing ethylene with
at least one cycloolefin selebted from the group consist-
ing of compounds of the'fbllowing formula (I)

15

23 )

=== (1)

wherein all symbols are as defined above,
in a hydrocarbon medium in the presence of a catalyst
formed from a soluble vanadium compound and an organo-
aluminum compound while maintaining the atomic ratio of
aluminum atoms to vanadium atoms in the reaction system
(Al1/V) at 2 or higher. ' |

20
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~an unsaturated vinyl |inkage. Because of the presence of THitRbeai H
V|nyl | i nkage, these pol ymers have poor heat aging resist ““l “ \
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. -8 -
The cycloolefin used in this invention is repre-

sented by the above formula (I). '

| In formula (I), RY, R%, ®3, R4, R®, R®, R’ and
R8 are_identical or differeht, and each represents a
hydrégen atom, a halogen atom or a hydrocarbon group
having 1 to 10 carbon atoms. The halogen atom is, for
example, fluorine, chlorine or bromine. The hydrocarbon
group is preferably an alkyl group. Preferably the alkyl
group has 1 to 10 carbon atoms, especially preferably 1
to 5 carbon atoms. The alkyl group may be linear or

branched, and include, for example, methyl, ethyl, n-

- propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, t-

butyl, pentyl, hexyl, heptyl, octyl, nonyl and decyl.

In formula (1), R9 and Rlo are identical or’
different and each represents a hydrogen atom, a halogen
atom or a hydrocarbon group having 1 to 10 carbn atoms.
Alternatively, Rg and Rlo are bonded to each other to form
a group of the following formula

RTIN

12

(R - C - R )2
\_/ .
wherein Rll and R12 are identical or different

and each represents a hydrogen atom, a halogen
atom, or a hyd;ocarbon group having 1 to 10
carbon atoms, and £ is an integer of 3 or 4.

S Exanples of the halogen atom and the hydrocarbon
group represented by R9 and Rlo are the same as those
given above.

When n 1s 0 in formula (I), the cycloolef;n of
formula (I) may be represented by the following formula

(1)-1

-—- (1)-1
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Al of the polynmers described in the above prior art

ring-opened pol ynmers obt-ained by the ring scission of
Pat’ents 3,330, 815 and 3, 494, 897 and Journal of Polyner [SEHIHE

Physi cs Edltlon vol une 12,1607-1618 (1974) describe polyners of the type
obt ai ned by the opening of the double bqu of a nononer mnthout the ring

sci ssion of the bicycl ohept-2-ene skeletorn of the npnomer, S. Patent

3,330, 815 di scl oses” t hawhgrgdmyddd éMﬂPQ¥§rﬁfﬁxﬂﬁwﬂﬂ#&%ﬁduﬁP?geof t he.
fol I owi ng forauhawﬁsh arlbha %w@iwﬂvélixhégéﬁhui 1 hesedf theobyelsed from

bi cycl of 2. 2. 1Lhe gn o%n%ormui (?,‘ﬁg;fgﬁ'é&%éﬁ%é&%@y'by(gﬂe following
formula (I)-2

--- (I)=2

wherein n' is a positive integer, and all other
symbols are the same as those defined for
_ formula (1). :

_ The integer n' is prefetably 1 to 3, especially preferably

10 1 to 2. |

Examples of the cycloolefin of formula (I)
[including formulae (I)-1 and (I)-2] include

bicyclo(2,2,1)}hept-2-ene,

6-methylbicyclof2,2,1]hept- 2-ene,-

15 5,6-dimethylbicyclo(2,2,1]hept-2-ene,
l-methylbicyclo[2,2,ilhept-2-ene,
6-ethylbicyclo[2,2,l}hept-z-ene,
6-n-butylbicyclo[2,2,1]hept-2-ene,
6-i-butylbicyclo[2,2,1]hept-2-ene,

20 7-methylbicyclo[2,2,1]hept-2-ene,
tricyclo(4,3,0, 12' ] =3-decene,
2-methyl-tricyclol4,3,0,12/°]-3-dacene,
S5-methyltricyclo(4,3,0, 12' ]-3-decene,
tricyclo(4,4,0, 12' ]-3-decene,

25 10-methyltricyclo(4,4,0, 12+5 }-3-decene,

' 1,4,5,8-dimethano-1,2,3,4,4a;5,8,8a-octahydro-
naphthalene,

2-methyl-1, 4 S, s-dzmethano-l 2,3,4 4a,5 8, Ba-
octahydronaphthalene,
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[err] or its substitution product. U. S. Patent 3,494, aﬁﬁsmkaﬁkaaﬁ$mﬂmmd

process for prodUC|ng a copolyner of ethylene with a .
bi cycl o[ 2, 2. 1] - hept - 2- ene represented by the foll ow ng f | Mﬂ}"tﬂ”’
[err] Exanple 44 and cIa|n192 of 'this patent discloses a ;

ethylene with tetracyclo[6,2,1,1[err],O[®0r+]-4-dodecene
2-ethyl-1,4,5,8- dxmethano-l 2,3,4,42,5,8,8a-
- . octahydronaphthalene,
2-propyl-1,4,5, e-dzmethano-l 2,3,4, 4a.5 8,8a-
. octahydronaphthalene.
5 - 2-hexyl-1,4,5,8-dimethano-1,2,3,4,44,5,8, Ba-
octahydronaphthalene,
2-stearyl-1,4,5, 8—dzmethano-l 2, 3 4,4a,5,8,8a-
octahydronaphthalene,
2,3-dimethyl-1,4,5,8-dimethano-1,2,3,4,4a,-
10 5,8,8a-octahydronaphthalene,
2-methyl-3-ethyl-1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8aéoctahydronaphtha1ene,
2-chloro-l,4,5.8—dimethano-1,2.3,4,4a,5.B.Ba-
octahydronaphthalene,
15 2-bromo-1,4,5,8-dimethano-1,2,3,4,42,5,8, ga-
octahydronaphthalene,
2-fluoro-1,4,5, 8-dlmethano-1 2,3,4 4a,5 8,8a-
octahydtonaphthalene, _
2,3-dichloro-1,4,5,8~dimethano-1,2,3,4,4a,~
20 5,8,8a-octahydronaphthalene,
' 2-cyclohexy1-1.3,5.8,—dimethano-l,2,3,4,4a.-
5.8,8a-octahydronaphthalene,
'2-n-butyl-l1,4,5,8-~dimethano-1,2,3,4,42,5,8,8a-
octahydronaphtghalene, : '
25 2-isobutyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene,
'5,10-dimethyltetracyclol4,4,0, 12¢5,17+10; 3.
dodécene,
| 2,10-dimethy1tetracyclo[4.4,0,12'5.

17'101-3-
30 dodecene, B
11,lzwdimethyltetracyclo[4.4,0,12'5.1

3-dodecene, ’
2,7 9-trimethyltettacyclo[4 4,0,1°°

7,101_

3 5'17'101_

3-dodecene,
35 9-ethy1-2.7=dimethy1tetra¢yclo[4,4,0,12'5,'
17'101-3-dodecene. '

THIS SHEET HAS BEEN
REPLACED




of the follow ng fornula (f) enconpassed\mtrnn t he for mul a This SkeefHas Besndeplaced

ethyl ene. The Patent does not describe the content of the
tetracycl.ododecene of the copol yner of Exanple 44. Wen it ISUNM“‘
under the assunption that all of the tetracycl ododecene charg

I ntroduced into the polyner t he pol ynerjgoatai ns polynerlzed units derived

from about 2 nol e% at %b&{@lfi?.@ﬁ ﬁggﬁ?gggggg Ulos Pat ent

3,494,897 does not at Ica copo ners of ethylene with
tetracyclododddaﬁaﬂxi ewo 5n lh%‘@@@@gene'

cyclo[8,2,1, 1[err], Ol er rg Jyo; pacecenet Ryl bt Fukpcibla, 4,0,1225,17 710
3-dodecene,
5 - 9-ethy1-11,12-dime:hy1tetracyclo!4.4,0.12'5.
17'101-3-dodecene,
9-isobutyl-11, 12-d1methy1-3-tetracyclo-
2 5. 7 10]-3-dodecene,
5,8,9,10~-tetramethyltetracyclof(4,4,0,
~-dodecene, '
hexacyclo(6,6,1,1
heptadecene,
12-methylhexacyclo[6,6,1,1
4-heptadecene,
15 lz-ethylhexacyclols 6,1
4-heptadecene,

14,4,0,12°
125
10 1741033

| 3,6 110,13 02,7 09,14)_,_

3,6

110013 62,7 9,14

3,6,,10,13 03,7 (9,14 _

12-isobuty1hexacyclo[6,6.1.13'6.110'13.02'7,
09'141 -4~-heptadecene, |
1,6,10-trimethyl-12-isobutylhexacyclo[6,6 1,
20 13'6,110 r13 02 7 9 14l—4-heptadecene,
] octacyclo[B,B 1209,74,7 111,19 413, 16 ,0,038,
012'17]-5-dococene,
15-methyloctacyclo(s,8,12+9,14¢7,111/18 113,16

0,03'8.012'171-5-dococene,

25 15-ethyloctacyclo(8,8,1
113,16 g 0348 012417} 5_gococene,
) 3 3-dimethy1pentacyclo[6 6, 1 1l
-hexadecene. .
1, 6-dimethy1pentacyclo[6 6,1,1
30 4-hexadecene,
15 16-dimethyloentacyclo(6 6,1, 13 6
4-hexadecene,
| pentacyclols 5,1, 13 6
1,3-dimethylpentacyclo(6,5,1,1
35 pentadecene, -
1, 6-dimethy1pentacyclo[6 5,1,1
pentadecene,

2, 9'14.7'111.18;113.18'
3,6 92,7 o9 14l

3,6 92,7 09,145
,02¢7 09¢14;_

,02¢7 09¢13) 4 _pentadecene,

3,6 02,7 9,13 _,_

3,6 02,7 9,13 _,_

ey
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Jour nal of Pol ymer Science: Pol yrrer -Physics Edition \; [hiscSheep Has Been Replaced

1607- 1618( 1974). di scl oses copol yners of eth- ylene and no“lmr!"m ”M"lm

der%i vatives having dynam c¢ nechani cal properties. Tabl.e | nt

shows a copol yner of ethylene containing 1 nole% of polymerized unit

derived fromthe same conmpound as formula, (f) (naned octahy-

dr odi net hanonapht hal ene in this document}2 Tabl e IV ther % t s§ﬂyg

this copolymer has a betkd ;x5 adimethylpeptacyslodé.5n1:3 érnpza

copol ynmers de§§I dgc ﬁﬁse prior art references which contain onIy 2% at

t he nost of octanhydrodi et 3,6 2,7 ~9,14

pentacyclo[6,6,1,1 :0 00 l=-4-hexadecene,

heptacyclo[8,7 12'9,1 4.7 111 17 0,038,012,16)_

5 5-eicosene, and i

pentacyclo(8,8,1%’ 9,1"7.114'18.0.03'8.012'17]-
5-heneicosene.

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

10 _ The compounds of formula (I) can be easily
produced by condensing cyclopentédienes with the corres-
ponding olefins by the Diels-Alder reaction.

According to the process of this invention, the
cycloolefin of formula (I) is copolymerized continuously

15 with ethylene in a hydrocarbon medium in the presence of a

' catalyst. The catalyst is one formed from a soluble
vanadium compound and an organoaluminum compound. In the
copolymerization reaction carried out continuously, the
atomic ratio of aluminum atoms to vanadium atoms, Al/V, is

20 paintained at at least 2. .

The soluble vanadium compound used in this
invention as a component of the catalyst is a vanadium
compound soluble in the hydrocarbon medium in the poly-
merization reaction system. It may include vanadium com-

25 pounds represented by the general formula VO(OR)a-xb or
V(OR)cxd wherein R is a hydrocarbon group such as an
aliphatic, alicyclic or aromatic hydrocarbon group having
1 ta-zh carbon atoms, preferably the aliphatic hydrocarbon
group having 1 to 5 carbon atoms, éspecially 1l to 3 carbon

30 atoms, 0gag3, 0<bg3, 2ga+bg3, 0gcgd, 0gdg4, 3<c+dgd, and
X is halogen such as Cl, Br or I and adducts of these
compounds with electron donors. Specific examples are
VOC13. VO(OCB3)C12. VO(OCB3)3. VO(OCzﬂs)l 5C11 57
_VO(OC 85)C12. VO(0C285)2C1. VO(O-;so-C3H7)C12.

35 vVO0(0-iso-C,H,),Cl, VO(0-iso-C3B,); ¢C1, 5
VO(o-n—C3B7)1 5011 5° VO(O-n-C3H7)C12. VO(O-n-c3B7)C1a
VO(o-cs n)l 5Cl1 57 VO (0-n-C 89)C12. VO(O-n-C4B9)2C1.
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o . This Sheet Has Been Replaced
anonapht hal ene have a glass transition tenperature of ab t he
hi g‘hest . They strongly exhibit a rubbery nature and haveI’EMEﬂlE&“ ﬂ “Lo
resi stance and nechani cal properties. U S. Patent Appli I : _

696,161 (European Lai d- Open Pat ent AppLiigtLon-hb. 0156464) di scl oses a
random copol yner, copposed._o

1, 4,5, 8-di met RT3 ,f&?;gzgigﬁﬂ@ééﬁy&a&ﬁm Y2 (9%eBsds 0 i 9RF 2’ al 1 y
an al pha- ol ef |vc1"|‘21 [ . | V@3 ,SVBa?bovBathonwailo-m-@atﬂgd(y,efa'nd wher ei n
e _

Y 1VQC
the nole rati D. ized Units Tromt
1,4,5,8-dinetﬁgﬁ£31£é¥ ,r7é§?5,8,8a-octa-hydronaphthalene to polynerized
units fromethyl ene I's fCompGuadst baging at least one Al-C bond 'in the
' 5. molecule can be used:as the organocaluminum compound as a
catalyst component. Examples are

(i) organocaluminum compounds of the general

formula
rld1 (ort) . u
13 14

qu ;

10 wherein R-> and R**® are identical or different
and each represents a hydrocarbon group having 1
to 15 carbon atoms, preferably 1 to 4 carbon
atoms, X represents a halogen atom such'as-CI,
'Br or I, m is a number represented by 0<m<3, t

15 is a number represented by 0<t<3, p is'a number
represented by 0<t<3, and'q'is a number re- '
presented by 0£q<3, provided that m+t+p+g=3-.
(ii) Complex alkylated compounds of metals of

Group I of the periodic table and aluminum which are

20 represented by the following formula

1 15
MTAlR,

15 is as defined

wherein Ml is Li, Na or K, and R
above. S
_ Examples of the organcaluminum compounds (i) are
25 compounds of the general formula |

1 14,
RIA1(oRM) 5 o

wherein R13 and Rl4 are as defined, and m is
preferabl& a number represented by 1.5¢m<3,

compounds of the general formula
30 S |
Rmilx3_m

wherein RY3 is as defined, X is halogen such as

THIS SHEET HAS BEEN
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5 and the 1, 4,5, 8-di net hano-1, 2, 3, 4, 4a, 5, 8, 8a- octahydronaphth

|ncoPporated I n"the pol yner chaln as polym erized units wthou
ri ng-opening. The specification of U S. Patent No. 2,883,372 d

nor nal | y solid copolyner of ethylene and 2, 3-di hyd-. rod| cycl ope[lmIleﬁ“mI““‘

having the follow ng fornula ’ - 14 -

10

15

.20

25

30

Cl, Br or I, and m is preferably 0<m<3,
compounds of the general formula

1
ROALE,
wherein R3
number represented by 2{m<3, and

compounds of the general formula

13, .14
R2A1 (OR ) nXg

13 14

is as defined, and m is preferably a

wherein R*> and R° are as defined, X is halogen

such as Cl, Br or I, 0<m¢3, and 0gg<3, provided

that m+n+qg=3.

Examples of the aluminum compounds (i) include
trialkyl aluminums such as triethyl aluminum, triisoprépyl
aluminum and tributyl aluminum; dialkyl aluminum alkoxides
such as diethyl aluminum ethoxide and dibutyl aluminum
butoxide; alkyl aluminum sesquialkoxides.shch as ethyl
aluminum sesquiethoxide and butyl aluminum sesquibutoxide;
partially alkoxylated AIkyl aluminums having the average
composition of R% 5A1(0R ’0 5/ partially halogenated alkyl
aluminums, for example dialkyl aluminum halides such as
diethyl aluminum chloride, dibutyl aluminum chloride and
diethyl aluminum bfomide. alkyl aluminum-sesquihalides
such as ethyl aluminum sesquichloride, butyl aluminum
sesguichlaride and ethyl aluminum sesquibromide, and alkyl
aluminum dihalides such as ethyl aluminum dichloride,
propyl aluminum dichloride and butyl aluminum dibromide;
partially hydrogenated alkyl aluminums, for example
dialkyl aluminum hydrides .such as diethyl aluminum hydride

. and dibutyl aluminum hydride, and alkyl aluminum di-

hydr;des such as ethyl aluminum dihydride and propyl
aluminum dihydride; and partially alkoxylated and halo-
genated alkyl aluminums such as ethyl aluminum ethoxy-
chloride, butyl aluminum butoxychloride and ethyl aluminum
aluminum ethoxybromide. As compounds similar to (1)'

"'HIS SHEET HAS BEEN .
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REPLACEMENT SHEET 3 said copol yner having a density in the I ahigjSheef Ha BB Repjaced
1. 02 and bei ng tapabl e of being conpression-nol ded at el evate
into tough films. The present invention seeks to prOV| de a coac“mwmrﬂmli
excel’l ent transparency, thernal resistance, heat agin

organcaluminum compounds having at least two aluminums

" bonded throﬁgh an oxygen or nitrogen atom may also be

used. Examples of such compounds are (C,Hg),AlOAL(C,Hc),,

(C439)2A10A1(c439)2, and (CZHS)ZAINAl(czas)z.

5 . Examples of the compounds (ii) are LiAl(Czns)4

and LiAl(C7815)4.

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

10 The copolymerization reaction in accordance with
the process of this invention is carried out in a hydro-
carbon medium. Examples of the solvent include aliphatic
hydrocarbons having 5 to 15 carbon atoms such as pentane,
hexane, heptane, octane and kerosene; alicyclic hydro-

15 carbons having 5 to 15 carbon atoms such as cyclopentane
and cyclohexane, methylcyclohexane; and aromatic hydro-
carbons having 6 to 15 carbon atoms such as benzene,
toluene and xylene. These solvents may be used singly or
in combination.

20 In the process of this invention, the copoly-
merization reaction is carried out continuously. ~During
the reaction, the ratio of aluminum atoms to vanadium
atoms, Al/V, is maintained at 2 or higher, preferably 2 to
50, especially preferably 3 to 20. _

25 The soluble vanadium compound and the organo-
aluminum compound are fed to the reaction system usually
after dilution with the hydrocarbon medium. The con-
centration of the vanadium compound to be fed to the
polymerization reaction system is usually not more than

30 10 times, preferabiy 7 tol txmes,'more preferably's to
1 times, that in the polymerization reaction system. On '
the other hand, the organoaluminum compound may be fed to
the polymerization system after its concentration is
adjusted to not more than 50 times that in the poly-

35 merization system. 1In the process of this invention, the
concentration of the soluble.vanadium compound in the

THIS SHEET HAS BEEN
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resi stance, chemi-cal resistance, solvent resistance, diel ectr iThisphcoyieas BeapReplaced

and “mechapi cal properties. Accordingly the present invention. pr
random copol yner which is transparent and is characterized |n tﬁ
copol ymer conprises polynerized units fromethyl ene and poly

of at |east one cycloolefin represented B$ the follow ng fornula (1) [err]

copolymerization reaction system is usually 0.01 to 5
gram-atoms/liter, preferably 0.05 to 3 gram-atéms/liter,
as vanadium atoms. In the process of this invention for
producing the cycloolef1n random copolymer, the copoly-

5 merization reaction may be carried out in the copresence
of an electron donor in the polymerization reaction system
in addition to the soluble vanadium compound and the
organoaluminum compound as catalyst ingredients. Examples
of the electron donor include oxygen-containing electron

10 donors such as alcohols, phenols, ketones, aldehydes,
carboxylic acids, esters of 6rganoc acids or inorganic
acids, ethers, acid amides, acid anhydrides and alkoxy-
silanes, and nitrogen-containing electron donors such as
ammonia, amines, nitriles and isocyanates. The copoly-

15 merization reaction is carried out usually at =50 to
100°C. preferably =30 to 80°C. more preferably -20 to
60°C. The average residence_tiﬁe in the copolymerization
reaction differs dépending upon the type of the polymeri-

~ 2ation material, the concentrations of the catalyst com-

20 ponents, and the polymerization temperature. Usually it-
is 5 minutes to 5 hours, preferably 10 minutes to 3 hours.
The pressure during the copolymerization reaction is
‘usually more than 0 to 50 kg/cmz, preferably more than 0
to 20 kg/cm . If desired, it is carried out in the pre-

25 sence of an inert gas such as nitrogen or argon. To
control the molecular weight of the copolymer, & molecular
weight controlling agent such as hydrogen may be present

in therreactioﬁ system. The polymerization reaction

., aixture after the copolymerization is treated in accord-

30 ance with conventional methods to give the desired cyclo-
olefin random copolymer.

The mole ratio of ethylene/cycloolefin fed to
the copolymerization reaction system in the process of
this invention is usually from 99:1 to 1:99, preferably

35 98:2 to 2:98. . |

In this invention, the cyclooiefin is copoly-
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wherein*R err], R[err] Rlerr], Rerr], Rerr], Rerr], Rerr d err]
are.identical or dlfferent and each represents a hydr
atom or a*hydrocarbon group having 1 to 10 carbon atons|,

Rlerr] are identical or different and each represents
hal ogen atom or a hydrocarbon group haV|n9 1 to 10 carbon atons or R[err]
and R err] are bonded to each other to ~f & nTa group of the foll ow ng

formul a [err] meriged withrethplene} cr AF nequided,i amotie rdiddpnlame riged

each represenfhgatyrltWE mohoner wieheficl 2hAGeCWwnd oY $des not impair
the objects of the invention, for example in an amount of
50 molet, preferably 40 molet, based on the ethylene units

"5 in the copolymer may be copolymerized in addition to these
two essential components. Specific examples of the other
copolymerizable unsaturated monomer include alpha-olefins
having 3 to 20 carbon atoms such as ptopylene. l-butene,
4-methyl-l-pentene, l-hexene, l-octene, l-decene, l-dode-

10 cene, l-tetradecene, l-hexadecene, l-octadecene, l-octa-
decene and l-eicosane which are to be used in an amount of
less than 1 mole per mole of the ethylene units in the
resulting random c0poiymer; and cycloolefins such as
cyclopentene, cyclohexene, 3-methylcyclohexene, cyclo-

15 octene, 3a,5,6,7a-tetrahydro-4,7-methano-lH-indene, non-
conjugated dienes such as 1,4-hexadiene, 4-methyl-l,4- '
hexadiene, S-methyl-1l,4-hexadiene, 1,7-octadiene, dicyclo-
pentadiene, 5~ethylidene-2-norbornene and 5-vinyl-2-nor-
bornene, and norbornenes such as norbornene-2, 5-methyl-

20 norbornene-2, 5-ethylnorbornene-2, S5-isopropylnorbornene-
2, S-n-butylnorbornene-2, 5-i-buty1norbornene-2. 5,6~
dimethylnorbornene-~2, 5-chloronorbornene-2, 2-fluoro-
norbornene-2, and 5,6-dichloronorbornehe-2.

_ The copolymerization reaction in accordance with

25 this invention can be advantageously carried out by con-

| tinuously feeding ethylene, the cycloolefin, and option-
ally the other copolymerizable component as materials to
be:boiyme:ized, the soluble vanadium compound and organo-
aluminur. compound as catalyst components, and the hydro-

30 carbon medium into the polymerization system, and con-
tinuously withdrawing the polymerization teaction mixture
from the polymetization reaction system.

According to the continuous process of this
invention, a random copolymer having a narrow molecular

35 weight distribution and good transparency can be produced.

The resulting copolymer solution continuously

REPLACED
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carbon group having 1 to 10 carbon atons, and [err] is ammsﬂkagesmmﬂmﬂmmd.

4, and n is a positive integer of. 1 to 3, (B) the nole ra
pol ymeri zed cycl ool efin units to the pol yneri zed et hyl ene m“ !mg»
3:97 to 60:40, (C) the or each cycloolefin of fornula (I)
in the polynmer chain as polynerized unijtgs represented by the follow ng
Formila (ll)wgtﬂélawﬁefgbg %LL %%T?%é%f?h f§1(¥§$c(¥%ﬁﬂ§§sﬁem is a
hydrocarbon medium solution of the random copolymer. The
concentration of the random copolymer in the resulting
copolymer solution is usually 2.0 to 20.0% by weight,
5 preferably 2.0 to 10.0% by weight. Contacting the re-
sulting copolymer solution with a ketone or alcohol gives
a precipitate of the random copolymer. The precipitate
is separated by such separating means as filtration or
centrifugal separation to give the random copolymer of
10 this invention. The proportion of the ketone or alcohol
used is usually 200 to 1,000 parts by weight, preferably
300 to 500 parts by weight, per 100 parts by weight of the
- resulting copolymer solution. Examples of the ketones are
those having 3 to 7 carbon atoms such as acetone, methyl
15 ethyl ketone, diethyl ketone, methyl isobutyl ketone,
dipropyl ketone and acetylacetone. Examples of the
alcohols are alcohols having 1 to 4 carbon atoms such as
methanol, ethanol, propanol, isopropanol, butanol, sec-
~ butanol and tert-butanol. The ketones or alcohols may
20 contain a small amount of water. The use of a mixture of
- the ketone or alcohol with usually 0.1 to 10% by weight,
preferably 1 to 5% by weight, of water is suitable since
it gives a copolymer powder having low contents of the
unreacted cycloolefin monomer and a low-molecular-weight
25 polymer and high bulk density. Contacting of the re-
sulting copolymer solution with the ketone or alcohol is
carried out with stirring at a temperature of usually 0 to
100°¢; preferably 10 to 70°C, especially preferably at
a temperature near _the boiling point of the ketone or
30 alcohol. This is effected by using a vessel-type mixer
having agitating vanes such as turbine blades and comb
blades. The rotating speed of the blades is usually 200
"to 2,000 rpm, preferably 800 to 1,500 :pm.
As a result of the after-treatment described
35 above, the random copolymer is precipitated usually in
powder form to form a éuspensiqn. The suspension
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(D) the topolyner has an intrinsic viscosity [[err efeplaced
at 135C, of 0.01 to 20 dl/g, (E) the copol yner has a nnlecu
di stribution (Mv M), measured by gel perneation chromatogr

nore‘than 4, (F) the copolyner has a crystallinity, neasured by X-r
diffractometry, of 0 to 10% and (G t,helg:o_pol ymer has a gl ass tran5|t|on

temerature (JgheintRo! end* 25l yER Y b ita Ao U8 Mo "ERL2Eb 5B yme:
and the mother liquor by such a separating means as cen-
trifugation or filtration. The separated copolymer is
further exttactéd with a ketone to give a random copolymer
5 having low contents of the unreacted cycloolefin monomer
and a low-molecular-weight polymét. a narrow molecular
weight distribution, a narrow composition distribution,
and a high glass transition temperature. The proportion
of the ketone used in the extraction is such that the
10 concentration of the copolymer in the ketone is usually
10 to 100 g/liter, preferably 30 to 60 g/liter. The
temperature at which the copolymer is contacted with the -
ketone is usually 10 to 85°c, preferably 15 to 80°C. The
contacting treatment between the copolymer and the ketone
15 is usually carried out with stirring using, for example, a
vessel-type mixer having agitating blades such as turbine
blades and comb blades. The rotating speed of the blades
at this time is usually 50 to 400 rpm, preferably 100 to .
200 rpm. The time required for contacting is usually 1 to
20 8 hours, preferably 2 to 5 hours. Examples of the ketone
may be the same as those exemplified for the ketone used
. for the precipitation treatment. The copolymer which has
been contacted with the ketone may be separated by such
separating means as centrifugation or filtration. As
25 required, the separated copolymer is further washed with
the ketone. The washing conditions'may'be the same as the
ketone contacting treatment conditions described above.
The random copolymer of this invention obtained
by the above after treatment-has a bulk density of usually
30 0.05 to 0.3, preferably 0.1 to 0.25, and is characterized
by the ease of handling at the time of molding. Further-
‘more, since the copdlymer of this invention have low
contents of the unreacted cycloolefin monomer and a low-
molecular-weight polymer, optical materials, particularly
35 - optical memory discs, molded from it permit reduction of
noises caused by diffu;ed reflection, etc.
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The preéent I nvention al so provides a process f'or_ pr oduci ng H’isifﬂiri

¢ Been Replaced
copol ymer as defined above, which process conprises conti nuou,s u ”u”mm

copol yner«d zing ethylene with the or each cycloolefin represen

(1) In a hydrocar- bon nediumin the Qrgsence of a catalyst fornmed froma
vanadi um conpound sol uble In the hydroc&fbon nmedi um and an or ganoal uni num
conmpound whi | e mai nt ai RS : hehetbresentt invent ipangivesatdes mapdemadi um

atonms in the J5lyidy in which the mole ratio of polymerized units
from the cycloolefin of formula (I) to polymerized units
from ethylene ig in the range of from 3:97 to 60:40. When
5 n in formula (I) is 0, the above mole ratio is preferably
from 10:90 to 60:40, more preferably from 15:85 to 50:50.
When n in formula (1) is a positive integer, the mole
ratio is preferably from 5:95 to 50:50.
The cycloolefin of formula (I) is incorporated
10 in the chain of the random copolymer of this invention as
polymerized units of the following formula (II)

vherein all symbols are as defined hereinabove.
The random copolymer of this invention has an

15 intrinsic viscosity [n]), measured in decalin at 135°C. of

' 0.01 to 20 dl/g, preferably 0.05 to 10 dl/g.

| The random copolymer of this invention has a
molecular weight distribution (Mw/Mn), measured by gel
permeation ch;omatogzaphy-(GPC), of not more than 4,

20 preferably not more than 3.5, especially preferably not
more-than 3. The random copolymer of this invention is
characterized in that this molecular weight distribution
is narrow. This means that the random copolymer of this
invention has a low content of a low-molecular-weight

25 polymer. Accordingly, when the random copolymer of this
invention is molded into an optical material such as an
optical memory disc or optical fibers, the optical mate-
rial has good surface gsmoothness, low surface tack, or
good mechanical properties and is suitable for optical

30 applications. -
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provi des g process for preparing a nodified randonlcopolyner
conpri ses grafting on to a random copol yner, "‘as defi ned above
parts by weight of a nononer selected from (a) al pha, beta-unsa urat
carboxylic acids ‘and/or their derivatived® Ttb) styrenes, (c) organlc
silicon conmpounds havi nThe random copolymer of this invention has a

crystallinity, measured by X-ray diffractometry, of 0 to
10%, preferably 0 to B%, especially preferably 0 to 7%.
The advantage of the copolymer having a crystallinity of

5 10% or below is that when it is molded into an optical
material such as an optical memory disc or'optical fibers,
noises of the optical material caused by refraction,
diffused reflection, etc. are reduced.

| Where n is 0 in formula (I), the random co-

.10 polymer of this invention has a glass transition tempera-
ture (Tg) of preferably 10 to 130°C, more preferably 20 to
100°C. When n is a positive integer in formula (I), the

. copolymer has a Tg of preferably 10 to 240°C, more prefer-~
ably 20 to 200 %c.

15 The novel random copolymers in accordance with
this invention are molded by known methods. For example,
they can be extrusion-molded, injection-molded, blow-
molded, or rotationally moldéd by using, for example, a

- vent-type extruder, a twin-screw extruder, a conical

20 twin-screw extruder, a Cokneader, a plsticator, a mix-
truder, a twin conical screw extruder, a planetary screw
extruder, a gear-type extruder, a screwless extruder,
etc. In the molding process, known additives such as heat
stabilizers, light stabilizers, antistatic agents, slip

25 agents, antiblocking agents, antihaze agents, lubricants,
inorganic and organic fillers, dyes and pigments may be
used as required.

Phenolic or sulfur-type antioxidants may be
cited as examples of such additives. The phenolic anti-

30 oxidants include, for example, phenols such as 2,6-di-

' tert-butyl-p-cresol, stearyl (3,3,-dimethyl-4~-hydroxy-
benzyl)thioglycolate, stearyl beta-(4-hydroxy-3,5-di-
tert-butylphenol)propionate, distearyl 3,5-di-tert--
butyl- 4-hydfoxybenzy1 phosphate, 2,4, 6-tris(3',5'-di-

35 tert-butyl-4'-hydroxybenzylthio)-1,3, S5=-triazine, distearyl
(4-hydroxy-3-methyl-s-tert-butylbenzyl)malonate, 2,2'~-

-4 - silstem AL:V, at 2 or nore 1. The present invention aIStShGanSIBﬁReplaced
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an ol efinically unsaturated bond and a hydrol yzabl e group, aiibis$@§tHas Becn Replaced

unsat urated epoxy nononers per 100 parts by weight of the sai : '

copol yner., The present invention further provides nol ded arti_g HW#H&MI

from'a random copol yner as defi ned above or froma nodified random

copol yner prepared by a process as deftnéd above. The preseht invention

al so provi des methylienebi s themet iypebytertwbutl pheadddhl 4,4y xmethydeneas

LTt o pidd A AL e S P Lkttt

hydr ogen atompethylcyclohexyl)p-cresol], bis[3,5-bis[4-hydroxy-3-tert-
butylphenyl)butyric acid] glycol ester, 4,4°'-butylidene-

5 bis(6-tert-butyl-m-cresol), 1,1,3-tris(2-methyl-4-hydroxy-
S5-tert-butylphenyl)butene, bis[2-tert-butyl-4-methyl-
6-(2-hydroxy-3-tert-butyl-5-methylbenzyl)phenyl]
terephthalate, 1,3,5-tris(2,6-di-methyl-3-hydroxy-4-tert-
butyl)benzyl isocyanurate, 1,3,5-tris(3,5-di-tert-butyl-

10 4-hy6roxybenzyl)-2,4,6-trimethylbenzene; tetrakis[methyl-
ene-3-(3.S-di-tert-butyl-Athdroxyphenyl) propionate]-
methane, 1.3.5-tris(3,S-di-tert-bhty1-4-hydroxybenzyl)
isocyanurate, 1,3,5-tris[(3,5-di-tert-butyl-4-hydroxy-
phenyl)propionyloxyethyl] isocyanurate, 2-octylthio-4,6-

15 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 polymeriza-
tion of 2, 3, 4, 5, 6, 7, 8, 9, 10) of 4,4'~butylidene-

20 bis(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 penta-
erythritol tetralaurylthiopropionate) formed between

25 alkylthiopropionic acids such as butyl~, octyl-, lauryl-
or stearylthiopropionic acid and polyhydric alcohols (such
as glycerol, trimethylolethane, trimethylolpropane, penta-
eryth;itol or tris~hydroxyethyl diisocyanurate).

_ Phosphorous~containing compounds may also be in-

30 corporated. Examples include trioctyl phosphite, tri-
lauryl phosphite, tridecyl phosphite, octyldiphenyl phos-
phite, tris(2,4-di-tert-butylphenyl) phosphite, triphenyl
phosphite, tris(butoxyethyl) phosphite, tris(nonylphenyl)
phosphite, distearyl pentaerythritol diphosphite, tetra-

35 (tridecyl)-1l,1,3~tris(2-methyl-5-tert-butyl-4-hydroxy-
phenfl)butane diphosph{te, tetra(clz-cls mixed alkyl)-~-
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a hal ogen atom or a hydrocarbon group having 1 to 10 carbon atons. The
hal ogen atomis, for exanple, fluorine, chlorine or brom nerhls'EthaetHasBeenReplaced

hydriocarbon group is preferably an al kyl group. Preferably t
has 1 to 5 carbon atonms. The al kyl group may be |inear or br I%mﬂ ﬂmm
I ncl udes, for exanple, nethyl, ethyl, n opyI | sopropyl, n-
‘I so- butyl sec-butyl, t-butyl, pentyl 1 hept |, octyl, nonyl and
decyl . Exanpl e$r8f= ﬁaepnapygeﬂemmmcﬂirWszmmn gebnptzépéegmamed
by Rlerr] and [ g*Lbut®ilkfebdsH 32 mdtNC- 1Nt B9V F1phenol) diphos-
phite, ttis(3,5-di-tert-buty1—4-hydroxyphény1) phosphite,
tris (mono-di-mixed nonylphenyl) phosphite, hydrogenated
5 4,4'-isopropylidehe diphenol polyphosphite, bis(octyl~
phenyl) .bis[4,4'-butylidenebis (3-methyl-6-tert-butyl-
phenoi)l.l,s-hexanediol diphosphite, phenyl-4,4'-iso-
propylidenediphenol-pentaerythritol diphosphite,
bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite,
10 bis(2,6-di-tert-butyl-4-methylphenyl)pentaerythritol
diphosphite, tris{4,4'-isopropylidenebis(2-tert-butyl-
phenol)) phosphite, phenyldiisodecyl phosphite, di(nonyl-
phenyl)pentaerythritol diphosphite, tris(l,3~-di-stearoyl-
oxyisopropyl) phosphite, 4 4'-isopropylidenebis(2 -tert-
15 butylphenol)-di(nonylphenyl) phosphite, 9,10~dihydro-9-
oxa-lo-phosphaphenanthrene-lo-oxxde, and tetrakis(2,4~-di-
tert-butylphenyl)-4,4'-biphenylene diphosphonite.
There can also be used 6-hydroxycoumarone de-
rivatives such as aipha-, beta~, gamma- and delta-toco-
20 pherols and mixtures thereof, 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)-s-hydroxycoumarone, 2,2,7-trimethyl-5~-tert-butyl-6-
hydroxycoumarone, 2,2,5-trimethyl-7-tert-butyl-6-hydroxy-
25 coumarone, 2,2,5-trimethyl-6-tert-butyl-6-hydroxy-
'coumarbne, and 2,2-dimethyl-S-tert-butyl-6-hydroxy-
coumarone.
It is also possible to incorporate a compound
represented by the general formula

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. |
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The i nt eger

nis preferably 1 or 2. Exanples of the cycl ool

2-met hyl -1, 4,5, 8-di met hano- 1, 2, 3 4,4a,5, 8, 8a- octahydronapht

W0 af for
(1).include 1,4,5,8-dinethano-1 , 2,3, 4, 4a, 5, 8, 8a- oct ahydr on EH i ,mlﬁ’lli‘rd

2-ethyl -1, 4,5, 8-di net hano- 1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr onapht h
2- propyl - 1 4 5, 8- di net hano- 1 2 3, 4 4a, 3, 8 Ba: oct ahydr onapht hal ene,

10

15

- 20

25

30
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Examples of the compounds of the above formula are

H96A12(03)16CO3 4H,0,

ngSAlz(OB)20C03 5520'

M95A12(08)14co3 48,0,

ugl°A12(OH)22(CO3)2 4HZO¢

'HgsAlz(OB)IGHPO4 4820.

Ca6A12(OB)16CO3 4320,

2n6A12(08)15C03 4320:

Zn6A12 (03)16804 4320'

MgGAIZ(OH)IGSO4 4320, and

M96A12(08)12C03 3320.

There may also be added an ant;oxxdant having a
2-benzofuranone skeleton, such as 3-phenyl-2-benzofuranone
and 3-phenyl-4,6-di-t-butyl-2-benzofuranone as disclosed
in the specification of Japanese Laid-Open Patent Publica-
tion No. 501,181/1980. | | '

Examples of the 11ght stabilizers include
hydroxybenzophenones such as 2-hydroxy-4-methoxybenzo-
phenone, 2-hydroxy;4-n;octoxybenzophenone, 2,2'-dihy-
droxy-4-methoxybenzophenone and 2,4-dihydroxybenzophenone;
benzotriazoles such as 2-(2'-hydroxy-3'~tert-butyl-5'-
methylphenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-
3',5'-di-tert-butylphenyl)-5-chlorobenzotriazole, 2-(2'-
hydroxy-s'-methylphenyl)benzotriazole and 2-(2'-hydroxy-
3',5'-di-tert-amylphenyl)benzotriazole; benzoates such as
phenyl salicylate, p—-tert-butylphenyl salichate;-é 4~
di-te:t-butylpheny1-3 5-di-tert-butyl-4-hydroxybenzoate
and. hexadecy1-3 5-61-tert-buty1-4-hydroxybenzoate. nickel
compounds such as 2,2'-thiobis(4-tert-octylphenol) nickel
salt, [2,2'~thiobis(4-tert-octylphenolate)]-n-butylamine
nickel salt and (3, 5-di-tert-buty1-4-hydroiybenzyi)-
phosphonic acid monoethyl estef nickel salt; substituted
acryloniriles such as methyl alpha-cyano-beta-methyl-
beta-(p-methoxyphenyl)acrylate; oxalic acid dianilides
such as N'-2-e£hy1pheny1-N—ethoxy-s-tert-butylphenyl
oxalic acid diamide and N-z-ethy1pheny1-n'-z-ethoxypheny;

_ REPLACED
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- This Sh
2-hexyl -1, 4, 5, 8-di net hano- 1, 2, 3, 4, 4a 5, 8, 8a- oct ahydr onapht haI Y eetHaSBeenReplaced
2- stearyl 1,4,5, 8-d| nmet hano-1 , 2, 3 4, 4a, 5, 8, 8a- oct ahydr onapht Hlllltﬂuulﬂl " ‘
2, 3- dlnethyl-1,4 5, dinethano-1,2,3,4,4a, 5, 8, 8a- oct ahydr ona

2-nmet hyl - 3-ethyl -1, 4, 5, 8-di net hano-1 , 2, 8, 2543 5, 8, 8a- oct ahydr onapht hal ene,
2-chloro-1 , 4, S(ﬁeﬂmtm diafide#, 4ad5h8nae{edt ammmmmdm@uch as

2-brom-1 4,5, Gk (F13%8% Je e € Emée 31248 ppeR i aa e 50BN Py [ (6-
(1,1,3,3-tetramethylbutyl)imino)-1,3,5-triazine-2,4-diyl
, 4-(2.2.6.G-tétramethylpiperidyl)imino)hexamethylene] and

5 a condensation product of dimethyl succinate and 2-(4-
hydroxy-z 2,6,6-tetramethyl-l-piperidyl)ethanol.

Examples of the lubricants include aliphatic
hydrocérbons such as paraffin wax, polyethylene wax and
polyproleene wax; higher fatty acids such as capric acidg,

10 Jlauric acid, myristic acid, palmitic acid, margaric acid,
stearic acid, arachidic acid and behenic acid; metal salts
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,

15 cetyl alcohol and stearyl alcohol; aliphatic amides such
as caproic amide,fcaprylic 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

20 metal salts thereof, and metal salts of fluoroalkyl-
sulfonic acids. _

Examples of the fillers include inorganic or
organic fibrous fillers such as glass fibers, silver- or
aluminum-coated glass fibers, stainless steel fibers, |

25 aluminum fibers, potassium titanate fibers, carbon fibers,

| whiskers, Kevla fibers and superhigh elastic poly- |
ethylene fibers; and inorganic or organic powdery,
granular'or flaky fillers such as talc, calcium carbonate,
magnesium hydroxide, calcium oxide, magnesium sulfate,

30 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 random copolyme:s'of this invention have

35 excellent transparency, heat resistance, heat aging
resistance, chemical resistance, solvent resistance,
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2-fluoro-1, 4,5, 8-di nethano-1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr onanibitealFagBeen Replaced

5 :
2,3-dichloro-1, 4,5, 8-di net hano-1, 2, 3, 4, 4a, -5, 8, 8a- oct ahy ' .
2-cycl ohexyl -1 , 3,5, 8, -di nethano-1 , 2, 3,4, 4a, -5, 8, 8a-oct %m ﬂ“ﬁﬂMHﬂ#ne
2-n-butyl-1 ,4,5,8-dinethano-1 ,2,3,4,4 , 8, 8a- oct ahydr .

1

2-isobutyl-1,4,5 8-diqethano-1,2,3,4,Ié, , 8, 8a- oct ahydr onapht hal ene, - 5,
0- di met hyl t et ke ectpicspropeaties] pad mechanisaleRtoperties, a narrow

and uniform molecular weight distribution, and a narrow
and uniform composition distribution. Accordingly, those
having a low moiecuiar weight are synthetic waxes and are
5 useful as candles, impregnating agents for matches, paper
finishing agents, sizes, antioxidants for rubber, water-
proofing agents for cardboards, slow releasing agents for
chemical fertilizers, heat accumulatérs, binders for
ceramics, paper condensers, electric insulating materials

10 for electric wires and cables, agents for decelerating
neutrons, fiber finishing aids, water6repe11en£s for
building materials, protecting agents for coatings,
polishing agents, thixotropy imparting agents, core hard-
ening agents for pencils and ctayons. carbon ink sub-

15 strates, electrophotographic toners, lubricants and re-
leasing agents for molding of synthetic resins, resin
coloring agents, hot-melt adhesives, and lubricant
greases. Those having a high molecular weight can be used
in an optical field as optical lenses, optical discs,

20 optical fibers and windowpanes, in an electrical field as
a water tank for electrical irons, parts of electronic
ovens, base boards for liquid crystal display, base boards
for printed circuit boards, high frequency circuit boards
and transparent electricaily'conductive sheets or films,

25 in medical and chemical fields as syringes, pipettes and
animal. gages, and in other various fields as'housings of
measuring instruments, and helmets. '

When the copolymers of this invention having a
glass transition temperature (Tg) below 100°C, they can

30 be used in a field utilizing their shape memory, and as a
vibration controlling material or a tube. Specifically,
they can be used as'joints for irregularly-shaped pipes,
laminating agents for the interior and exterior parts of
pipes and rods, clamping pins for optical fiber con-

35 nectors, plaster casts, containers, automobile bumpers,
various space eliminating materials, vibration controlling

. BEEN |
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2,1 0- di methyl tetracyclo[4,4,0, 1[err],1[err]] -3- dodecene
12 di wet hyl tetracyclo[4, 4,0, 1[err], 1 3- dode : ThlsSheetHasBeenR laced

2 7,9-trinethyltetracycl o[ 4, 4,0, 1[er£] 1%£rr]] 3- dodecene
9-ethyl -2, 7-di methyl tetracycl o[ 4, 4,0, 1[err] 1[err]]-3-dodec !l!l “I" umjl
9-|sobutyl-2,7-d|nethyltetracyclo-[4,4,0,1[err],1[err]] 3-dodecene,
,12-trinmethyltetracyclo[4,4,0,1[err], 14 e27]4-3-dodecene,
materials or sound insulating materials in the form of a
laminate with a metal surface material, and tubes for use
in medical therapy. .
The novel random copolymers of this invention
5 may be used as a blend wtili various known polymers.
Examples of such known polymers are shown below.
.(A) Polymers derived from hydrocarbons hav1ng 1
or 2 unsaturated bonds '
Polyolefins, such as polyethylene, polypzopyl-
10 ene, polyisobutylene, poly(methylbutene-l), poly(4-methyl-
pentene-1), poly(butene-l).'polyisoprene, polybutadiene
and polystyrene, or crosslinked products thereof.
Copolymers of the monomers constituting the
above polymers with each other, such as ethylene/propylene
15 copolymer, propylene/butene-l copolymer, propylene/isd—
butylene copolymer, styrene/isobutylene cppolymer,
styrene/butadiene copolymer, terpolymers of ethylene,
propylene and dienes such as hexadiene, bicyclopentadiene
and 5-ethylidene-2-norbornene, and terpolymers of
20 ethylene, butene-1l and dienes such as hexadiene, dicyclo-
pentadiene and 5-ethylidene-2-norborne. | '
| Blends, grafted polymers, and block copolymers
of these polymers may also be cited.
(B) Halogen-containing vinyl polymers

25 | Polyvinyl chloride, polyvinylidene chloride,
" polyvinyl fluoride, polychloroprene, and chlorinated
rubbers. . - |
(C) Polymers derived from alpha,beta-unsaturated’
L. ; carboxylic acids or the derivatives thereof

30 . Polyacrylate, polymethacrylate, polyacrylamide,
- and polyacrylonit:ile.

Copolymers of the monomers constituting the
above-exemplzf;ed polymers with other copolymerxzable'
monomers, such as acrylonitrile/butadiene/styrene co-

35 polymer, acrylonitrile/styrene copolymer, and acrylo-
nitrile/styrene/acrylate copolymer.’ |
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9-ethyl-11,1 2- dinethyltetracyclo[4 4,0,1[err], 1[err]]-3-dodecene,
9-isobutyl-11,1 2-dinethyl -3- tetracycl 0-[4,4,0, 1[ err], 1[BisShéet HasUREKS

5,8,9,1 O-tetranethyltetracyclo[4,4,0,1[err],1l[err]]-3-do
hexacycl o[ 6,6,1, 1[err],1[err],Jerr],0[err]]-4- hept adecen
2- nethylhexacyclo[6 6, 1, l[err] l[err] O[err] O[err]]-4-he

2- et hyl hexacycl o[ 6, 6, 1[err% 1[err] o[ erT] QJrérr ]]-4- hept adecene,
(D Polymers derived from unsaturated alcohols,

amines, acyl derivatives thereof, or acetals
Polyvinyl alcohol, polyvinyl acetate, polyvinyl
stearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl
5 butyral, polyallyl phthalate and polyallylmelamine.
Copolymers of the monomers constituting the
above-exemplified polymers with other copolymerizable
monomers, such as ethylene/yinyl acetate copolymer.
(E) Polymers derived from epoxides
10 Polyethylene oxide and polymer derived from
bisglycidyl ether.
(F) Polyacetals
Polyoxymethylene, polyoxyethylene, and polyoxy-
_ methylene containing ethylene oxide.
15 (G) Polyphenylene oxide
(H) polycarbonate
(1) Polysulfone
(J) Polyurethane and urea resins
(K) Polyamides and copolyamides derived from

20 | diamines and dicarboxylic acids and/or
aminocarboxylic acids or the corresponding
lactams

‘Nylon 6, nylon 66, nylon 11, and nylon 12.
(L) Polyamide-polyethers
25 (M) Polyesters derived from dicarboxylic acids
' and dialcohols and/or hydroxycarboxylic
.acids or the corresponding lactones '
Polyethylene terephthalate, polybutylene tere-
-lithalate and poly(l,4-dimethylolcyclohexane terephthal-
30 ate).
' (N) Crosslinked polymers derived from aldehydes
and éhenols, urea or melamine
‘Phenol/formaldehyde resin, urea/formaldehyde
resin, and melamine/formaldehyde resin.
35 (0) Alkyd resins |
Glycerin/phthalic acid resin.
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12-i sobutyl hexacycl o[ 6, 6,1, 1[err],1[err],Jerr], O[er&h QE&QFgéadecen%i
. laced

1,6,1 O-trinmethyl-1-2-isobutyl hexacycl o[ 6, 6,

een R

1, 1[err],1[err],0[err],0[err]]-4-heptadecene, mu umuu”l,
octacyclo[ 8,8, 1[err],1[err],1[err],1[err],0,0[err], O[e
15- et hyl octacycl 0[ 8,8, 1l[err], 1[err] i[ggr; 1[err]

5- ethyloctacyclo[8 8,1[ e

0,0[err],O[err]]-5- dOCOQ&ﬂ]tJ saty zerrfoifeSt r resins der;ved from

1[err], 0; Of er CORPlaesters @k RasRrate

dzandepRPEpEALSSy digpsbexylic

1, 1[err], Of er igosQfeeTaid PolhAEeLe €l cohols using vinyl compounds as

5

10

15

20

25

30

35

crosslinking agents, and halogen-containing modified
resins thereof.

- (Q) Natural polymers

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 known waxes.

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

' The random copolymer of this invention may be
modified by grafting thereto a monomer selected from the
group consisting of (a) alpha, beta-unsaturated carboxylic
acids and/or their derivatives; (b) styrenes, (¢) organic
silicon compounds having an olefinic unsaturated bond and
a hydrolyzable group and (d) unsaturated epoxy compounds.
The modified random copolymer obtained has the same excel-
lent properties as the random copolymer of the invention
and also especially good adhesion to metals and synthetic
resins and good compatibility with other resins. The
amount of the grafting monomer in the modified random
copolymer is usually 0.1 to 50 parts by weight, preferably
0.5 to 35% by weight, per 100 parts by weight of the
random copolymer of. the invention. The modified random
copolymer ;A8 an intrinsic viscosity ([(n] of usually 0.03
to 20 d1/g, preferably 0.05 to 5 dl/g. '

Examples of the grafting monomer are as. follows

Examples of the unsaturared carboxylic acids
and their derivatives (a) include unsaturated carboxylic
acids such as acrylic acid, methacrylic acid, alpha-
ethylacrylic acid, maleic acid, fumaric acid, itaconic
acid, citraconic acid, tetrahydrophthalic acid, methyl-

REHJKED
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1, 6-di net hyl pentacyclo[ 6,6, 1,1[err],0[err],0[err]]-4-
15, 16- di net hyl pentacycl o[ 6,6, 1, 1[err],O[err],O[err]]-
pentacyclo[ 6,5, 1,1[err],O[err],O[err]]-4-pentadecene, 1

eﬁ ﬁijenReplaced
, 3-di met hyl pentacycl o[ 6,5, 1, 1[err] O[err],Q[errr]]-4-pe ﬁ !III“"I

, 6-di net hyl pentacyclo[ 6,5, 1,1[err],O[ecrjpOLerr]]-4-pentadecene,
tetrahydrophthalic acid, endocis-bicyclo[2.2.1]-hept45-
ene-2,3-dicarboxylic acid (Nadic acid®), and methyl-
endoc;s-bxcyclolz 2.1]~hept-5-ene-2,3-dicarboxylic acid
(methlead;c acxég5. and their halides, amides, imides,

5 anhydrides and esters. Specific examples of these deriv-
atives are malenyl chloride, maleimide, maleiuc anhydride,
citraconic anhydride, monomethyl maleate and dimethyl '
maleate. Of these, the unsaturated dicarboxylic acids or
‘their anhydrides are preferred. Maleic acid, Nadic acid

10 or their anhydrides are especially preferred.
Examples of the styrenes (b) are compounds
represented by the following formula

\C—C\@-

22

wherein RZO' Rz; and R each represent a hydrogen atom or

15 a lower alkyl group. Specific examples are styrene,

| alpha-methylstyrene, o-methylstyrene, mémethylstyfene,
p-methylstyréne, m-ethylstyrene, p-ethylstyrene, o-iso-
propylsytrene, m-isopropylstyrene and p-isopropylstyrene.
Of these, styrene, m-methylstyrene and p-methylstyrene are

20 preferred. | '
Examples of the organic silicon compound (c)

having an olefinic unsaturated bond and a hydrol&zablé
group are comgpunds'represented by the following formula

R23p2453y1y2

25 wherein R2> and 824 are identical or different

and each':eptesents a monovalent group composed
of carbon, hydrogen and optionally oxygén and
having an olefinically unsaturated bond, and vl
, and Yz are jdentical or different and each
30 represents a hydrolyzable group,
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_ I —
- 5 - 14, 15-di net hyl pontacyclo[6,5, 1,1[err],0O[err], O[err]] 4- pentadecen

pentacyclo[6 6, 1,1[err],0[err],O[err]]-4-hexadecene,
1[err] 1l.err],

gen Replaced

i

[err],0,0[err],0[err]] 5 ?i cosene, and \\i“l‘ﬁl‘“

- 31 -
compounds of the following formula

1,2,3

23 y2y

R®“SiY

1 .2 3

23 ¢« Y and Y~ are

wherein R is as defihed, and Y
identical and different and each représents a hydrolyzable

5 group, and compounds of the following formula

10

15

20

25

30

r23xsiyly?

23 | 2

~ wherein R, Y  and Y° are as defined above, and

X represents an organic group free from an

clefinic unsaturated bond.

Examples of R23 and R24 are vinyl allyl,
butenyl, cyclohexenyl, cyclopentadienyl, CH2=C(CH3)-
COOO(CHZ)3-, CH2=C(CH3)COO(CH2)2-0-(CH2)3-. and
CH2=C(CH3)COOCHZOCHZCH(OH)CHZO(CH2)3-. Of these, the
hydrocarbon groups having a terminal olefinically un-
saturated bond and esters thereof are preferred. The
vinyl group is especially preferred.

Examples of Yl, Yz and Y3 are alkoxy groups such
as methoxy, ethoxy, butoxy and methoxyethoxy, acyloxy
groups such as formyloxy, acetoxy and propionoxy, oxime
groups such as -ON=C(CH3),, -ON=CHCH,C,Hy and -ON=C(CgHg) 5,
and substituted amino groups and arylamino groups such as
-NHCBa. -NH6283 and NH(CGH3).. )

Examples of X in the above formula 1nc1ude
methyl, ethyl, propyl, tetradecyl, octadecyl, phenyl,

_benzyl and toilyl. 0f these,- monovalent hydrocarbon groups

are preferred.

_ Organic silicon compounds preferably used in
this invention are those of the second formula given
above, particularly those in which the groups Yl, Yz
Y3 are identical. Especially preferred are vinyltri-
alkoxysilanes such as vinyltrimethoxysilane, vinyltri-

ethoxysilane, vinyltris(methoxyethoxy)silane, vinylmethyl-

and

REPLACED
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pentacyclo[ 8,8, 1[err],1[err],1[err],0,0[err], O[err]] Qﬁ@ﬂﬁnR

conmpoungds of fornul a (I) may . be used singly-or in conblna

conpounds of fornula (1) can be easily produced by condenj ﬂ“ﬂ‘“ﬁﬂ‘\l |H|I‘
cycl opent adi enes with the corresponding ol efins by the Di

reaction. According to the process of this invention, the cycl ool efin of
formula (1) is copolynerized continuously wth ethylene I n a hydrocarbon
mediumin the presence of a catalyst. thzcatalyst i s one forned fron1a
sol ubl e vanadlum

éﬁ'ﬂ}sflane and vinylphenyldimethoxysilane.

The unsaturated epoxy monomers (4) are pre-
ferably monomers havihg at least one polymerizable un-
saturated bond and at least one epoxy group per molecule.

5 Examples include unsaturated glycidyl esters represented
by the following general formula

o

r%3-C-0-cH -di—cH
2 2

25

wherein R“’ represents a hydrocarbon group

having a polymerizable ethylenically unsaturated

10 bond, o
unsaturated glycidyl ethers represented by the general_
formula : '

_ o)
25 7N
R~ -Z-CH.,-CH—CH
2 2
. wherein R25 is as defined above, and 2 tepre-
15 _ sents a divalent group of the formula -CHz-O- or
o‘r

and epoxyalkenes represented by he general formula

R26

25_"
Ak

wherein R is as defined, and st represents a

20 | hydrogen atom or a methyl gusup.

Specific examples of the monomers (d) are
glycidyl acrylate, glycidyl methacrylate, mono- and
di-giycidyl itaconate, mono-, di- and-triglycidyl butene- _
tricarboxylates, mono- and di-glycidyl citraconates, mono-

25  and di-glycidyl endo-cis-bicyclo{2.2.1]-hept-5-ene-2,3-
carboxylates, mono- and di-glycidyl endo-cis-bicyclo-
{2.2.1]~hept-5-ene-2-methyl-2,3-dicarboxylates, mono-

25
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and an organoal um num conpound. In the copol ynerizati6n.reaction carried
out continuously, the atomic ratio of alu- mnum atons tigis\ademksBeenRepiaamd

Al/N, is ymaintained at at |east 2. The sol ubl e vanadi umc |
thee*process of this invention as a conponent of the catal !ﬂl‘“m “Eﬁm um
conpound sol ubl e in the hydrocarbon nmediumin the polyner

system |t may include vanadi um com pounds of fornmula VOQOR)[err] X[err] or

V(OR)[err] X[ err] wherein Ris a hydrocarbgs group such as an aliphatic,
alicyclic or aromatic hydrocarb group havi

preferably an @ndKdrigd Weid: ﬁvﬁﬁbnﬂEGgnégigFggsfgéngﬁgéggﬁs
carboxylate, allyl glycidyl ether, 2-methylalkyl glycidyl
ether, styrene p-glycidyl ether, 3;4-epoxy-1-butene,
3,4~-epoxy-3-methyl-l-butene, 3,4-epoxy-l-pentene, 3,4-

5 epoxy-3-methyl-l-pentene, 5,6-epoxy¥1-hexene. and vinyl-
cyclohexene monoxide. Of these, glycidyl acrylate and
glycxdyl methacrylate are preferred.

The modified random copolymer may be produced by
various known methods. For example, the random copolymer

10 is melted, and the grafting monomer is added and graft-
copolymerized. Alternatively, the random copolymer is
dissolved in a solvent, and the grafting monomer is added
and graft-copolymerized. In either case, the reaction is

~ preferably carried out in the presence of a radical in- .

15 jtjator in order to perform graft copolymerization ef-
ficiently. The radical initiator may include organic
peroxides, organic peresters and azo compounds. Ionizing
radiations and ultraviolet light may also be used to
generate radicals.

20 The modified random copolymer obtained by the
above procedure has excellent heat resistance as shown by
"its high glass transition temperature which is cne measure
of heat resistance. Specifically, the modified random
copolymer has a glass transition temperature, measured by

25 a dynamic modulus analyzer (DMA), of usually 20 to 250°cC,
in many cases 30 to 220°C. The modified random copolymer
also has a softening temperature of usually 20 to 230 C,
in many cases 30 to 200 ©°c. The softening termperature is
defined as the temperature at which a quartz needle (dia-

30 meter 0.635 mm) penetrated 0.1 mm into the copolymer under
a load of 49 g when the temperature is elevated at a rate.
of 5°C/min._using TMS (thermomechanical analyzer, a pro-
duct of E. 1. du Pont de Nemours & Co.).

The modified copolymer has a density, determined

35 by the method of ASTM D 1505, of usually 0.95 to 1.20

g/cm3, in many cases 0.96 to 1.10 g/cm3.
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especially 1 to 3 carbon atoms, O[err]a[err]3, O[err]b[err]3,
2[err]atb[err] 3, O[err]c[err]4, O[err]d[err]4, 3[err]§C'|ﬂlis$the]:I4asBaﬂﬂle)ﬂa¢eQ

hal ogen such as C, Br or | and adducts of these conpoun
donors. Specific exanples are VOC [err], VO(OCH err])d [ “
(OCCH err])[err], VOO err]Herr])[err]C[err] VO OJe err]
VO OCerr]Herr])[err]d, VO Oiso-Cerr]Herr])d [err]

VO Oiso-Clerr]Herr])[err]d, VO OIiso- C[err]H[err])[err]G [err],

VO On-Cerr]Herr])[err]d[err], VOFO3K-€ err]Herr])d[err],

VOO n-Cerr]H err]) Owhe® €hél eanhb&eebbbugm]rdo[femﬁz,s invention is

O G RN ko, V5 5 ELpEE b o o sceini

VQ( O] err] Hlerghlt) [such ,asCBL etrbn bEhfner ok, rudiiopetijve MGy ®s rits \iBegatrr],
VBrierrl, VQ3ikedA&d) ] Ehenitaherebistaficd? b1 venmtO deuidtdned 1ihk

5 mechanical properties can be further improved.

- The properties of the cyclooiefin_tandom co-
polymers obtained in this invention were measured in
accordance with the following method.

(1) Copolymer composition (molet)

10 On the basis of the cycloolefin unit content of
the random copolymer determined by 13C-NMR (200 MHz), a
calibration curve is prepared between the cycloolefin unit
content and the height of the peak of an absorption band
based on the cycloolefxn unit determined by infrared _

15 spectroscopy. The peak height of the absorption band of
the infrared absorption spectrum of the random copolymer

is measured, and the cycloolefin unit content is éalcuf
lated. The ethylene unit content of the random copolymer
is calculated by subtracting the cycloolefin unit content

‘20 from the entire units.

(2) Intrinsic viscosity [n)
Measured at 135°¢ using a Ubbelohde viscometer.
(3) Glass transition temperature (Tg)

Measured by a Dynamic Mechanical Analyzer (DHA,
25 made by E. I. du Pont de Nemours & Co.).

- (4) Crystallinity
, '~ Determined by X-ray diffractometry.
(5) Volatile component (VM)

A weight change was measured under the condi-
30 tions of 300°C, 1 torr and 1 hour.
(6) Content of the unreacted cycloolefin
The polymer was dissolved in cyclohexane. and
the amount of the unreacted cycloolefin was measured by
gas chromatography.
35 (1) Molecular weight distribution
The molecular weight distribution (Mw/Mn) is
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Compounds having at | east one Al-C-bond in the nol ecuLe can be used as the
or ganoal um num conpound used as a catal yst conponent. Exanples are U

or ganoal um num conpounds of formula R err] Al (OR err]) [ edhi R Replaced
‘wherein Rlerr] and Rlerr] are identical or different and s a
hydr ocar bon group having 1 to 15 carbon atons, preferab

atons, X represents a hal ogen atomsuch as C, Br or 1, mis a nu
represented'

- 35 -
determined in the following'manher in accordance with the
procedure described at pages 14-114 of "Gel Permeation
chromatography" by Takeuchi, published on May 20, 1976 by
Maruzen Co., Ltd., Tokyo.

S . (1) Using standard polystyrene of a known
molecular-weight (mono-dispersed polyséyrene, a product of
Toyo Soda Mfg. Co., Ltd., Japan), the molecular weight M
of the polystyrene sample and its GPC (gel permeation
chromatography) count are measured. A calibration curve

10 for the molecular weight M and the EV (elution volume) is
drawn. The concentration of the polymer at this time is
set at 0.02% by weight.

(2) A gel permeationchromatogram of theisample
is taken by the GPC measuring method, and the number

15 average molecular weight (Mn = z:;fl) and the weight

average molecular weight (Mw = %%%ﬁgi) are calculated for

copolymer by (1) above, and the value (Mw/Mn) is deter-
mined.
The sample is prepared under the following

20 conditions, and the conditions for GPC are as shown below.
Preparation of the sample _

{a) The sample is taken into an Erlenmeyer flask
together with o-dichlorobenzene so as to provide a 0.02%
solution. ) .

25 ' (b) Into the Erlenmeyer flask containing the
sample is added 0.l1% by weight, based on the polymer
solution, of 2,6-di-tert.-butyl-p-cresol as an anti-
oxidant. '

(c) The Erlenmeyer is heated to 140°C, and the
30 contents are stirred for about 30 minutes to dissolve the
polymer and the antioxidant.
(d) Then, at 135 to 140°C, the solution is
filtered by a 1n Millipoere filter. :
(e) The filtrate is subjected to gel permeation
35 chromatography. '
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by O[err]nferr]3, t is a nunber represented by O[err]t[err]3 p is a nunber
represented by O[err]t[err]3, and q is a nunmber repre- sented by U[errTq<3
provi déd t hat mtt +p+q=3. (ii) Conpl ex al kyl at ed conpoqmgghe@{mgﬁl

G oup | of the periodic table and al um num of fornula

wherein Merr] is Li, Na or K, and Rlerr] is as definec

t he organoal um num conpounds (i) are conpounds of for
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Conditions for gel permeation chromatograghz
(a) Device: Model 150C, made by waters Company
(b) Column: .- TSK-GMH6 (mix type) made by Toyo
Soda Mfg. Co., Ltd. '
(c) Amount of the sample: 500 ul
(d) Temperature: 140°C
(e) Flow rate: 1 ml/min.
(£) Total theoretical stages of the column;
1 x 10% to 4 x 10* (measured with acetone)
The following examples illustrate the present

invention more specifically.
EXAMPLE 1

Ethylene and 1,4,5, 8-dlmethano—l 2,3,4,4a,5,8,8a-

octahydronaphthalene [Table 1, (a); abBreviated as DMON]

were copolymerized in a 2-liter polymerization reactor

equipped with agitating blades.

The polymerization reactor was continuously
charged at its top with a cyclohexane solution of DMON at
a rate of 0.4 liter/hour so as to provide a DMON concen-
tration of 60 g/liter in the polymerization reactor, a

cyclohexane solution of VO(OC,Hc)Cl, as a catalyst at a

rate of 0.7 liter/hour so as to provide a vanadium concen-
tration of 0.7 mmole/liter in the polymerization reactor
(the concentration of vanadium fed at this time was 2.86
times: that in the pblymerization reactor), a cyclohexane
solution of ethfi aluminum sesquichloride as a catalyst at
a rate of 0.4 liters/hour so as to provide an aluminum
concentration of 5.6 mmoles/liter in the polymerization
reactor, and 0.5 liters/hr of cyclohexane. 1In the mean-

time, the polymerization mixture in the polymerization

reactor was withdrawn continuously from the bottom of the
polymerization reactor so that the amount of the poly-
merization mixture in the reactor was always kept at

1 liter. Furthermore, 80 liters/hr of ethylene, 80
liters/hr of nitrogen and 0.2 liter/hr of hydrogen were
fed from the top of the polymerization reactor. The

es of

REPLACED
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Rlerr]A(OR[err])[err] wherein Rerr] and R err] are as deflned abov %pd m
Is preferably a nunber

Br

or

' : _ : represented by 1. 5[err]n{err]3 Fhul a
R[err]ﬁIX[err] wherein R err] is as defined above, is | s d

and mis preferably 0<nk3, conpounds of fornu
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copolymerization was carried out at 10° by circulating a
cooling medium into a jacket fitted to the exterior por-
tion of the reactor. As a result of the copolymerization
reaction under the above conditions, a polymerization:
reaction mixture containing the ethylene/DMON random

- copolymer was obtained. A mixture of cyclohexane and

isopropanol (l:1) was added to the polymer solution
with drawn from the bottom of the polymerization reactor to

'stop the polymerization reactor. Thereafter, an aqueous

solution composed of 1 liter of water and 5 ml of concen-
trated hydrochloric acid and the polymer solution were
contacted at a ratio of 1:1 with strong stirring by a
homomixer to transfer the catalyst residue to t{he agueous
layer. The mixture was left to stand, and the water layer
was removed. The residue was washed twice with distilled
water to purify and separate the polymer solution. The
polymer solution was contacted with 3 times its amount of
acetone with strong stirring, and the solid portion was
collected by filtration and fully washed with acetone.
Thereafter, the resulting solid portion was put into
acetone in a concentration of 40 g/liter, and reacted at
60°C for 2 hours. The solid portion was then collected by

 filtration, and dried in a stream of nitrogen at 130°C and

350 mmHg for 24 hours.
By the above procedure, the ethylene/DMON co-

' polymer was pbta1ned at a rate of 94 g/hr. The copolymer

had an ethylene content of 61.3 mole%, an intrinsig vis-
cosity of 0.85, an Mw/Mn, determined by GPC, of 2.50, a

'crystallinity, determined by X-ray diffractometry, of 0%,

and a glass transition temperature (Tg) of 143°. The
copolymer contained 0.4%"by weight of volatile comonents
and 0.13%'by'weight of the unreacted monomers. |
EXAMPLES 2-14
_ Example 1 was repeated except that the copoly-
merization conditions indicated in Table 2 were used.

‘The properties of the resulting copolymers ate_shown in

Table 3.

'[HIS SHEET HAS BEEN
REPLACED




J

in
al um -

and Rl err]
and

O<nferr]3,

Br
3. Exanpl es of the al um num conpounds (i)

al-um nuns such as triethyl

and conpounds -of for
or

Rlerr]Al (OR[err])[err] X err] wherein R err]

i s as defined above and mris—preferably a
_ a
_ [ ( S0 g Repllaced
- mwuhlﬁvided
. )

al um num

represented by 2[err]nk3,

X is hal ogen such as d,

Rlerr]AlH err] wherein R err]

nunber

t hat mtn+q

aboye,

triisopropyl
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partially al koxyl ated al kyl al um nuns having the ave conp05|t|on of
RlerrAL(CRlerr])[err]; partially halogenated. al kyl al s sBamF@R |l e
di al kyr .l um num hal i des such as di et hyl alun1nun1chlom

al ym num chl ori de and di et hyl al um num brom de, al kyl - g““ﬁ

sesqui hal i des such as ethyl al um num sesqui chl ori de,

qui chl ori de and et hyl al um num sesqui brom de, and aIkyI alun1nun1d|halldes.
such as ethyl al um num dichloride, propyp alum numdichloride and butyl

al um num di brom de; partially hydrogenated al kyl al um nuns, for exanple

di al kyl alu- m num hydrides such as diethyl al um num hydride and di butyl
al um num hydride, and al kyl al um num di hydri des such
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as.ethyl al um num di hydri de and propyl al um num di hydri de;

al koxyl ated and hal ogenated al kyl al um nuns such as et hyl alun1nu;

ethoxychlorlde butyl al um num but oxychl ori de and et hyl.
ethoxybron1de As compounds simlar to (i), organoalun1nun*
e

.l east two al um nuns bonded through an oxygen or nitrog

Replaced
N -

.be used. Exanpl es of such conpounds are
(derr]Herr])[err]AIQAI(Cerr]Herr])[err],
(C[err]H[err])[err]AIOAI(C[err]H[err]T[éﬁrr and
(Cerr]Herr])[err] AINAI (C err] H err EXAMBLE l8<anpl es of the conpounds (ii)

are LiAI(Cerr]Herr])[g5fhg28d2Lh ket g1add Pdiyre¥idation reactor
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equipped with agitating blades, ethylene and 2-methyl-
l1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a~octahydronaphtahlene
(to be abbreviated as M-DMON; (d) of Table 1 were co-
polymerized continuously. '

Specifically, the reactor was charged at its
top with 0.9 liter/hr of a toluene solution of M-DMON
so as to provide an M-DMON concentration in the reactor
of 60 g/liter, 0.7 liter/hr of a toluene solution of

_ VO(OCZHS)CI2 as a catalyst so as to provide a vanadium

concentration in the reactor of 0.5 mmole/liter, and 0.4
liter/hr of a toluene solution of ethyl aluminum sesqui-

‘chloride as a catalyst so as to provide an aluminum con-

centration in the reactor of 2 mmoles/liter. 1In the
meantime, the polymer solution was continuously withdrawn

from the bottom of the reactor so that the amount of the

pelymer solution in the reactor was maintained always at
1l liter. Furthermore, 35 liters/hr of ethylene and 80
liters/hr of nitrogen were fed from the top of the re-
actor. The copolymerization reaction was carried out at
10°c by circulating a cooling medium through a jacket

.fitted to the outside of the reactor. As a result of

performing the copolymerization under the aforesaid con-
ditions, a polymerization reaction mixture containing an
ethylene/M-DMON random copolymer was obtained. A small
amount of methanol was added to the polymer solution
withdrawn from the bottom of the reactor to stop the
copolymerization reaction. The polymer solution was then
putlinto a large amount of acetone/methanol to precipitate
the resulting copolymer. The copolymer was fully washed
with acetone and dried under reduced pressure for one day
at 80°c. By the above operation, the ethylene/M-DMON
random copolymer was obtained at a rate of 60 g/hour.

The copolymer was found to have an ethylene
content of 63 molet. The copolymer had an intrinsic
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Anong these, the al kyl alum num halides, alkyl al umi namdifalTdes and

m xtures of these are especially preferred. The copol ynemhjsZrdei 1us BeapReplaagh

in accordance with the process of this invention is carri , i .
hyds ocar bon nedi um Exanpl es of the solvent-include aLiphE“ﬁﬁn ( ns
having 5 to 15 carbon atons such as pentane, hexane, hept . e and
kerosene; alicyclic hydrocarbons having 5 to 15 carbon atons such as

cycl opent ane, cycl ohexane and net hyl cycl ohexane; and aronati c hydrocarbons
having 6 to 15 carbon atons such as benAéne, toluegg and xyl ene. These

sol vent s nay Vs cosity; mégsoredninodeceatinoat 135°C, of 0.92, an
iodine number of 1.0, a'crystallinity, determined by X-ray
diffractometry, of 0%, and a transparency, determined by a
haze meter on a 1 mm sheet sample in accordance with ASTM
5 D 1003-52, of 3.1%. , )

The glass transition temperaéure Tg of the
copolymer, determined from the peak temperature of the
loss modulus E" which was measured at a temperature eleva-
tion rate of 5°C/min. by a dynamic mechanizal analyzer was

10 127°C. 1ts melting point Tm was measured within a tem-
perature range of -120 to 400°C by DbsC (Du Pont 990 type)
at a temperature elevation rate of 10°C/min.). No melting
curve (peak) was observed. : .

EXAMPLES 16-24 AND COMPARATIVE EXAMPLE 1

15 Example 15 was repeated except that the copoly-
merization conditions shown in Tables 4 and 5 were used.
The properties of the resulting copolymers are shown in
Table 5. In Example 22, a l:1 mixture of toluene and
cyclohexane was used as the polymerization solvent.
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In the process of this invention, the copolymerization reactien—s—carried
at onst ovanadi um atonms, Al:V, is maintained at2 or nore: s

50, 1, especially preferably 3 to 20:1. The sol ubl e vanac

dilution with the hydrocarbon nedium The concentration of the vanadium
conmpound to be fed to the polynerization reaction systemis usually not

out continuously. During the reaction, the ratio of alum num a5 Been Replaced
' 0.
_ : ] de

t he organoal um num conpound are fed to the reaction syste r
nore than 10 tinmes, preferably 7 to 1ti%ks, nore preferably 5 to 1 tines

that in the
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pol yneri zati on reaction system On the other
conpound -may be fed to the pol ymeri zation systenlafter
adjusted to not nore than 50 tinmes that

the process of this invention,

hand,

t he or,ﬁ‘argggg HLPBQ

in the pol yneri zat
the concentration of the so

laced

cerfpound in the copol ymerization reaction systemis usually 0.01 to 5

gramatons/liter,

preferably 0.05 to 3 gramatons/liter,

as vanadi um at ons.

In the process of this invention for producing the cycloolefin random

copol yner,

copresence of an el ectron donor

addition to_the solubl e vanadium coopaingd

t he- copol yneri zati on r-eaction
in the

4

may be carried out
| yeri zation reaction systemin

Table 5
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and the organoal um num conpound as cafalyst I ngredi ent sT—Exanptes of the
el ectron donor include oxygen-containing electron donors $icd.a5fEPRYaRed

phenol s, . ket ones, al dehydes, carboxylic acids, esters of ol ]
i norgani ¢ acids, ethers, acid am des, acid anhydrides and %ﬂlﬂ&lﬂﬂmwm
and ni trogen-containing el ectron donors such as am noni a, LU es
and i socyanates. The copol ynerization reaction is carried out usually at
-50 to 100[err]C, preferably -30 to 80{é¥?]1; nore preferably -20 to 60C,
The average residence tinme in the co¥XAMRLE 25 i on reaction differs

of "the catalys: compononfandy 8 BALATEL ERLVHe R Eidh réabe5PNEqdL ppeaonS
with agitating blades, ethylene and 6é-ethylbicyclof2.2.1]-
hept-2-ene ((f).of Table 6; to be abbreviated as MBH)
5 were continuously copolymerized.

Specifically, the reactor was continuously
charged at its top with 0.9 liter/hr of a toluene solution
of MBH so as to provide an MBH concentration in the re-
actor of 60 g/liter, 0.7 liter/hr of a toluene solution of

10 vo(OC,H5)Cl, as a solution so as to provide a vanadium
concentration in the reactor of 1 mmole/liter (at this
' time, the concentration of vanadium fed was 2.86 times its
concentration in the reactor), and a cyclohexane solution
- of ethyl aluminum sesquichloride as a catalyst to provide
15 an aluminum concentration in the reactor of 4 mmoles/
liter. 1In the meantime, the polymer solution was con-
tinuously withdrawn from the bottom of the reactor so that
the amount of the polymer solution in the reactor was
always maintained at 1 liter. Furthermore, from the top
20 of the reactor, 40 liters/hr of ethylene and 80 liters/hr
of nitrogen were fed. The copolymerization was carried
out at 10°¢ by circulating a cooling medium through a
jacket fitted to the outside of the reactor. As a result
of performing the copolymerization reaction under the
25 above conditions, a polymerization reaction mixture con-
taining an ethylene/MBH random copolymer was obtained. A
small amount of methanol was added to the polymer solution
withdrawn from the bottom of the reactor to stop the
polymerization. The polymer solution was put int~ a large
30 amount of acetone/methanol to precipitate the resulting
copolymer. The copolymer was fully washed with acetone,
and dried under reduced pressure at 80°% for one day. By
the above oper;tibn, the ethylene/MBH random copolymer was
obtaihed at a rate of 50 g/hr. -
The copolymer had an ethylene content of 62
mole%, an intrinsic viscosity, measured in decalin at

-35
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tenperature. Usually it is 5 mnutes to 5 hours, prefera ﬂegtﬁggm&qusplioedS
hours.® The pressure during the copol yner- ization-reacti
than O to 50 kg/cnferr], preferably nore than O to 20 kg/gh‘mﬂm \

: . I¥, . hen

desired; it is carried out in the presence of an inert gas
or argon. To control the nol ecul ar wei ght of the copolyner, a nDIecuIar

weight controlling agent such as hydroggp may be present in the reaction
Fystem, The BsSIE! Iget ofo [ S26L1 80 1k hiinBeg b ol 8 SoRAVHENVESY, ' °
cycl ool ef i n Gerteam icwsd | yneX-ray diffractometry._of 0%, a transparency,
meaused as in Example 15, of 3.4%, and a glass transition
temperature (Tg) of 100°C. The melting point Tm of the
-3 .copolymer was measured as in Example 15, but no melting
- curve (peak) was observed.
' EXAMPLES 26-32 AND COMPARATIVE EXAMPLES 2-3
Example 25 was repeated except that the copoly-
merization conditions shown in Table 7 were used. The
10 properties of the resulting copolyme:s are shown in Table
8.
COMPARATIVE EXAMPLE 4
A fully agztated 500 ml separable flask was
fztted with agitating vanes, a gas blowing tube, a thermo-
15 meter and a dropping funnel, and fully purged with B
nitrogen. Toluene (250 ml) dehydrated and dried by mol-
ecular sieves was put into the flask. Under a nitrogen
stream, the flask was charged with 7.5 g of a cycloolefin
(£) in Table 6 and 1 mmole of ethyl aluminum sesqui-
20 chloride, and 0.25 millimole of VO(OC Hs)Cl2 was added
to the dropplng funnel.
A gaseous mixture composed of 10 l1ters/hr of
ethylene and 40 liters/hr of nitrogen was passed via the
gas blowing tube through the flask kept at 10°C for 10
25 minutes. VO(OC,Hg)Cl, was added dropwise from the drop-
ping funnel, and the copolymerization was started. While
the gaseous mixture was passed, the copolymerization
reaction was carried out batchwise at 10°c for 30 minutes.
Methanol (5 ml) was then added to the polymer solution to
30 stop the copolymerization reaction. The polymer solution
was then put into a large amount of methanol/acetone to
precipitate the copolymer. The copolymer was washed with
acetone, and dried under reduced pressure at 80°C for one
day. By the above operation, 5.4 g of copolymer was
35 obtained. The p:opertigs of the copolymers were measured
as in Example 25, and the results are shown in Table 9.
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The nol.e ratio of ethylene:cycloolefin fed to the copolynerization reaction
systemin the process of this invention is usually from QMSKeet}ﬂasﬁ&nReplaced

preferabty 98:2 to 2:98. In this invention, the cycloolefl
copol yneri zed with ethyl ene. As required, another copolyner ed
mononer within a range which does not inpair the objects of

for exanple in an anount of 50 nol e%-p4geferably 40 nol e% based on the

ethylene units in the copolngﬁup@yAfgvgogghnggggzgd in addition to these
two essential conmponents. Specific exa he other copol yreri zabl e

unsat ur at ed mononer |nd¢QmE?%ﬂ%H%?oF§$nE§e 4 was repeated except that
the copolymerization conditions shown in Table 9 were

used. The propérties of the resulting copolymers are
shown in Table 9.

-Table 6

- Cycloolefin

Czns . .
(£) [:}J, - 6=-ethylbicyclo[2,2,1)}hept-2~ene

(g) 6-methylbicyclo[2,2,1)hept-2-ene

(1)

(h) E:EI::] tricyclo[4,3,0,12}5]-34decene

bicyclo[2,2,1)hept-3-ene
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having 3 to 20 carbon atons such as propyl ene,

- pent ene,
-tetradecene,
used in an anount of

1 -hexene, 1
1 - hexadecene,

resul ti ng random copol yner;

cycl ohexene,
3a, 5, 6, 7a-t et rahydr o- 4, 7- net hano- 1H i ndene,

- oct ene,

1 -decene,

| ess than 1 nol e per

1-do-

1 -butene,

and cycl ool efins such as cy-

3- net hyl cycl ohexene,

1, 4- hexadi ene,
1, 7- oct adi ene,

5-vi nyl

Table 7

- 2-nor bor nene,

4- et hyl

cycloqud ene,

-1, 4- hexadi ene,

di cycl open- tadi ene,

5- et hyl

4- et hyl -

decene, This smetmdmmhqn cdd -
-1 -octadecene and 1 -eicosane
nol e of the ethyl

.

noncon- jugated di enes such as

-1, 4- hexadi ene,

5-et hyl i dene- 2- nor bor nene and _
and nor bornenes such as norbornene-2, 5-nethyl nor-
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. bornene-2, 5-ethylnorbornene-2, 5-isopropyl norbornene-2,

5-n-but yl nor bor nene-2, 5-i-butyl norbornene-2, 5,6-dineth-, palsRpdD9);

5-chl or onor bor nene- 2, 2-fl uoronorbornene-2, and 5,6-dichl'or=.s e_ S%%Qﬁ&lmmd
The copol yneri zation reaction in accordance with this i n\‘/enﬂlm_mﬂ:m'm I,
advant ageously carried out by continuously ' :
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-7- feeding ethylene, the cycloolefin, and optionally t er

copol yrreri zabl e component as materials to be pol ymerized, . {jj&snes HadIeen Replaced
vanadi um conpound and or ganoal um num conpound as catal yst c

t he ‘hydrocarbon nme- diuminto the polynerization system an mg&u“““
wi t hdrawi ng the pol ynerization reaction nixture fromthe po

reaction system According to the contimpus process of this invention,
random copol yner havi ng a narrow nol ecul ar melght
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di stribution and good transparency can be produced. The 1€
solution continuously w thdrawn fromthe pol ynerizatian reﬁgstg'hgc@Hss%st mis
a hydrocarbon medi um sol uti on of the random copol yner. The: o la

t he ,randbm copol yner. in the resulting copolynmer solution:i s[MH l '
20. 0% by wei ght, preferably 2.0 to 10.0% by wei ght. Contact

~resulting copolyner solution with a ketone or-al cohol gives a precipitate
of the random copol yner. The precipitate¥ s separated by such separating
means as filtration or centrifugal separation to give the random copol yner
~of this invention. The proportion
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of the ketone or al cohol used is usually 200 to 1,000 parts by W

preferably 300-to 500 parts by weight, per 100 parts by. MR Q&H%f
resulting copol ymer solution. Exanples of the ketones are dt o
-7 carbon atons such as acetone, nethyl ethyl ketone, di et hyl

" isobutyl ketone, dipropyl ketone and acetyl acetone. Ex-

al cohol s are al cohols having 1 to 4 car bgg atonms such as rret hanol et hanol ,
propanol , isopropanol, butanol, sec-bufan6tl “and tert-butanol. The ketones
or alcohols pay.contain a sopll _agount of water. The use of a nixture of

the ketone of al cph wit?-‘ us ual |y, leﬂto'le%by wei ght, preferably 1 to 5%
t . .

by wei ght, of wat ér 'Ys sui

'\

« e s
~ 0 o

c
121 |11.

wn
~

88
68
~10
111
116
92

9.4

 Haze
W |

10.2
18.2
58.7
14.3
11.5

linity
(%)
0
0
17
0
0
3

Properties of the copolymer

0.8
1.0
9
0.8
1.0

Iodine ngstal’¥

value
0.9

(n}

4.98
5.08
4.32
5.12
4.02
2.78

content

(molet)
64.1
73.2
93.6
56.0
54.3
64.3

Table 9-b (continued)

(9)
5.4
9.3
9.4
4.9
6.8
4.5

yielded Ethylene

Amount
of the

(8C)

tempera~ | copolymer

ization
tur

Ethylene | Polymer-

content
A{#/hr)
10
30
50
10
]

r—

ative
Example

4

)

6

7

8

9
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since it gives a copol yner powder having | ow contents of the unreacted——

cycl ool*efi n nononer and a | ow nol ecul ar- wei ght pol yner - dhdSHk@&m%&5§
density..Contacting of the resulting copol ymer solution w

al cohol is carried out with stirring at a tenperature of Eﬁﬂ C,
preferably 10 to 70C, especially preferably at a tem perat

boi I i ng point of the ketone or al coboksz This is effected by u3|ng a

vessel -type m xer having agitating xiggi %%h as turbine bl ades and conb
bl ades. The rotating speed of the E ésis usually 200 to 2,000 rpm
preferably 800 to 1,5Boftpngrams of the ethylene/DMON random co-

polymer (A) obtained in Example 1 was dissolved in 500 ml
of xylene at 125 °c in_a nitrogen atmosphere in a galss
5 reactor. Then, a xylenee soilution of maleic anhydride
(abbreviafted as MAH) (12 g/30 ml) and a-xyléne solution
of dicumyl peroxide (abbreviated as DCP) (0.27 g/30 ml)
were fed gradually over a per;od of 4 hours from separate
lines into the reactor.
10 '~ Since MAH had low solubilty in xylene, it was
dissolved by heating with an infrared lamp, and the
heatzng was continued until its feeding was terminated.
After the feeding, the reaction was contznued
for 2 hours, and after the reaction, the reaction solution
15 was cooled to room temperature. The reaction solution
was put into a large amount of acetone to precipitate the
polymer. The resulting grafted'ethylene/DMON copolymer
was filtered, repeatedly washed with acetone, and dried
under reduced pressure at 80°C for 1 day to give the
20 desired MAH-grafted ethylene/DMON copolymer. The amount
of MAH grafted, measured by oxygen analysis of the modi-
fied copolymer was 1.13 by weight. The modified copolymer
had an intrinsic viscosity, measured in decalin at 135°,
of 0.86 dl/g, a density, determined in accordance with ASTM
25 D 1505, of 1.025 g/cm3. a glass transition temperature
(Tg) of 145°C. -
| EXAMPLES 34-36
Example 33 was repeated except that 50 g of each
of the cycloolef;n random copolymers 1ndxcated in Table 10
30 was used instead of the ethylene/DMON ‘random copolymer,
and the grafting conditions were changed as in Table 10.
The results are shown in Table 1l.
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As a result of the after-treatnent descri bed above, the
precipitated usually in powder formto forma suspension.
contalnlng t he copolymer is separated into the copol yner

copol
The suspen5|on

l'i duor by such a separating nmeans as centrifugation or f||

separated copolyner is further extracted with a ketone to: m*m
copol yner having | ow contents of the unreacted cycloolefln nnnoner

| ow nol ecul ar - wei ght pol ymer, a narrow ngj ecul ar wei ght distribution,
narrow conposition distribution,

The proportion of the ket one used in action is such that the

concent rat | on of fFtire—copofyner—Tmrtie—ketons
Example | Random copolymer Grafting conditions
MAH DCP
(g/30 ml) (g/30 ml)
34 A 12 0.27
3B ] - B | " "
36 C - " "

A: Obtained in Example 1,
B: obtained in Example 4, and
C: obtained in Example 25.

Table 11
Example Properties of the modified copolymer
Amount [n]) T Densxgy
of MAH ' (by DMA (g/cm
grafted method)
(wt.%)
34 1.13 0.86 145 1.025
35 _ 1.23 0.86 149 1.023
36 1,27 1.83 102 0.978

EXAMPLES 37-39

Example 33 was repeated except that the random
copolymer, grafting monc—er and the radical initiator were
changed as shown in Table 12.

 Table 13.

The results are shown in

i's

hl?ﬂ Hammlaced-

andﬁlﬁegg(gl ass transition tenper- ature.

REPLACED
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is usyally 10 to 100 g/liter, preferably 30 to 60 g/liter. The tenperature
at which the copolyner is contacted with the ketone is- G@@éhkyﬁﬁBmmeﬂ '
preferably 15 to 80[err]C. The contacting treatnment bet

and the ketone is usually carried out with stirring u3|ng,

avessel -type m xerhavi ng agitating bl ades such as turbine a es an conb

bl ades. The rotating speed of the bladeS5at this tine is usually 50 to 400 .

rpm preferably 100 to 200 rpm The {aBger §guired for contacting is usually
1 to 8 hours, preferably 2 to 5 hour3. Exanpl es of the ketone may be the.

sane as those gXempriTTIga Tortne Ketone Usedjrortne precrpreactgn
treatment. The [cEpampl@rMR&AdORAS Deeamoontalt @tafting Amount | DCP
copolymer (g) monomer (g) (g}
_37 A 50 a- 20 0.33
38 D . b 16 0.34
39 E - c 10 0.27

A: Obtained in Example 1,

D: obtained in Example 2, and
E: obtained in Example 3

a: vinyl-tri-ethoxy'silane

b: styrene |

C: glycidyl methacrylate

Table 13

Example ?roperties of the modified'copolymer
Amount [n] Tg -Dens;gy
of grated (by DMA (g/cm”)
monomer S method)

(wt.%)
37 . 0.25 0.87 144 1.026
38 1.34 0.86 138 , 1.021
39 1.13 0.85 142 ' 1.023

REPLACED
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with the ketone may be separated by separating neans—sueh—as—centrifugation
or filtration. As required, the separated copolyner is é%ggﬁsﬁgﬁﬁagmagth

" the ketone. The washing conditions may be the sanme as.t mlﬂ‘ﬂlumctl ng
sity

treatment conditions descri bed above. The random copoly
i nventi on obtained by the—above after treatment usually

of 0.05 to ?HI 1to 0.25, and is easy to handle at the tine
of nol di ng. mﬁ”ﬂﬂm@@! g e the copol yner of this invention has | ow
contents of t*hefunke Ioolefln nmononer -and a |OMFHD|6CU|ar wei ght

pol ymer, optical .nmate- - 56 -
CLAIMS
1. A random copolymer characterized in that

(A) the copolymer comprises polymerized units of
ethylene and polymerized units of at least one cycloolefin
represented by the following formula (I)

-—- (D)

wherein Rl, Rz, R3, R4, RS, R6, R7 and R8 are

identical or different and each represents a
hydrogan atom, halogen atom or a hydrocarbon group
having 1 to 10 carbon atoms, and R9 and Rlo are
10 identical or different and each represents a

; hydrogen atom, a halogen atom or a hydrocarbon
9 and Rlo
are bonded to each other to form a group of the

group having 1 to 10 carbon atoms or R

following formula

(xR} - ¢ - R'?),

15 . ~———

in which R11 and R12

and each represents'a hydrogen atom, a halogen
._atom or a hydrocarboh group having 1 to 10 carbon
‘atoms, and L is an integer of 3 or 4, and n is 0
20 _ T oi B:positive integer of 1 to 3
(B) ‘the mole ratio of the polymerized cycloolefin
un1ts to the polyme:ized ethylene units is from 3:97 to
60: 40,

are identical or different
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rials, particularly optical nenory discs, nolded fromit permt reduction
of noise caused by, for exanple, reflection. Thus, the pITasShdet Hd3BediRe

gi-ves ﬁﬁLgﬂggglggggLyne+f+n which the nole ratio of polyng :
of for units gﬁ ymerized ethylene units is fro fﬂr

pr ef er abl 50. The random copol yner of thi
an intrin | err]] measured in decalin at 135C, of 0.01 to 20
dl /g, prefefaUIy‘O 55 to 10 dI/g The random copol yner of this invention
has a nol ecul ar wei ght distribution (Mv M), neasured by gel perneation

- 57 - . : '

(C) the or each cyclbolefin of formula (I) is
incorporated in the polymer chain as polymerized units
represented by the following formula (II)

=== (1I)

5 wherein all symbols are as defined above,
(D) the copolymer has an intrinsic viscosity [y,
measured in decalin at 135°C, of 0.01 to 20 dl/g,
(E) the copolymer has a molecular weight

distribution (Mw/Mn), measured by gel permeation.

10 chromatography, of not more than 4, and

| . " (F) the copolymer has a crystallinity, measured by
X~-ray d1ffractometry, of 0 to 10%.
2. A random compolymer according to claim 1 wherein
the or each cycloolefin is a compound of formula (I) in

15 which n is 0.
3. A random copolymer according to claim 2 which has
a glass transition temperature (Tg) of 10 to 130°c.
4. | A random copolymer according to claim 2 or 3
wherein the mole ratio (B) of the polymerized cycloolefin

20 units to the polymerized ethylene units is from 10:90 to
60:40. 77
5. A random copolymet according to claim 1 wherein
the or each cycloolefin is a compound of formula (I) in
which n is a positive integer of 1 to 3.

25 6. A random copolymer according to claim 5 which has
a glass transition temperature (Tg) of 10 to 240°c,
7. . A process for producing a random copolymer as

defined in any one of the preceding claims, which process
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; chromat ography (GPC), of not nore than 4, preferably not nore than 3.5, —
especially preferably not nore than 3.. The random copol yﬁmSheeftH&J'BeSnReplaced

i'nvention is characterized in that this nol ecul ar mEIght
narrow. ThisTeans that the random copol ymer of this inve
en

content of a | I i@ht pol yner. Accordingly,

copol yner of tﬁml“l m:“m;ullrﬂm | ded into an optical nateri al such as an
optical nenory di s¢ ot oftital*fibers, the optical material has good
surface snoot hness, |ow surface tack, or good nechanical properties and is

sui t abl e. for optical appl i cati ons. - 58 -

comprises continuously copolymerizing ethylene with the or
each cycloolefin tepresented by formula (I) in a hydrocarbon
medium in the presence of a catalyst formed from a soluble
vanadium compound and an organo-aluminum compound while
5 maintaining the atomic ratio of aluminum atoms to vanadium
atoms in the reaction system, Al:V, at 2 or more:l.
8. a pfocess éccording to claim 7 wherein the soluble
vanadium compound is added to the reaction system in a
concentration not more than 10 times its existing
10 concentration in the reaction system in order to maintain
the atomic ratio Al:V at 2 or more:l.
9, A process for preparing a modified random
¢opolyher, which process comprises grafting on to a random
_ copolymer as defined in any one of claims 1 to 6 0.1 to 50
15 parts by weight of a monomer selected from (a) alpha,
beta-unsaturated carboxylic acids and/or their derivatives,
(b) styrenes, (c) organic silicon compounds having an
olefinically unsaturated bond and a hydrolyzable group, and
(d) unsaturated epoxy monomers per 100 parts by weight of
20 the said random copolymer.
10. A process according to claim 9 which has an
“intrinsic viscosity, measured in decalin at 135°, of 0.03
to 20 dl/g.
11. Molded articles prepared from a random copolymer
25 as defined in any one of claims 1 to 6 or from a modified _
random copolymer prepared by a process as claimed in claim 9
to 10.




<

~ Thé random copol ynei of this inventfbn has a cryst
XTay-diffractometry, of 0.to 10% preferably 0 to 8% . esTa®mhath: ki,

preferablty 0 to 7% The advantage of the copol yner having
of 10%or belowis that when it is nolded into an optical’

an optigal
caused by,
copol ymer

10

15

20

menory disc or optical fibers, noise of
for exanple, refraction or diffused ref
has a Tg of 10 to 240C, nore preferably

- 59 -
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al linity, Te
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| ection i s reduced. The
20 to 200C. :

NOVEL RANDOM COPOLYMER, AND PROCESS FOR PRODUCTION THEREOF

A random copolymer is characterized in that (A)
the copolymer comprises polymerized ethylene units and
polymerized units of at least one cycloolefin, (B) the mole

- ratio of the polymerized cycloolefin

polymerized ethylene units is f?bm'S:

units to the

cycloolefin ie incorporated in the polymer chain without
ring opening, (D) the copolymer has an intrinsic viscosity
of 0.01 to 20 dl/g, (E) tlie copolymer has a molecular weight
distribution (Mw/Mn) of not more than 4, and (F) the -
copolymer has a crystallinity of 0 to 10%. A monomer _
- selected from (a) alpha, beta-unsaturated carboxylic acids'
and/or their derivatives, (b) styrenes, (c) organic silicon

compounds having an olefinically unsaturated bond and a
hydrolyzable group, or (d) unsaturated epoxy monomers may be

grafted on to the random copolymer.

produced by continuously copolymerizing éthylene with at
least one cycloolefin in a hydrocarbon medium in the

presence of a catalyst formed from a

compound and an organocaluminum compound while maintaining

' reaction system, Al:V at 2 or moresl.

the atomic ratio of aluminum atoms to vanadium atoms in the

-~
"R/
The random copolymer is
soluble vanadium
7
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scr ew ext ruder, screw extruder, a Cokneader
m xtruder, a twi.n conical screw extrudey,_a
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or Potationally |Im for exanple, a vent-type ¢x{§r F i n
a coni cal i f 352#?%2@@?
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NOVEL RANDOM COPOLYMER, AND PROCESS FOR PRODU&

This invention relates to a novel random co-
polymer comprising at least polymerized units from
ethylene and polymerized units from a cycloolefin as
monomers, and a process for production thereof. More
spec;fically,'it relates to a cycloolefin type randon
copolymer having excellent transparency, thermal re-
sistance, heat aging resistance, chemical resistance,
solvent resistance, dielectric properties and mechanical
properties and a narrow molecular weight distribution.

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 meth-
acrylate) 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 tere-
phthalate has excellent heat resistance and mechanical
properties but has. the defect of possessing weak resist-
ance to strong acids or alkalies and being susceptible to
hydrolysis. '

Many of 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 transparency
because. they are crystalline. The transparency of poly-
olefins is generally improved by adding a nucleating agant
to render the crystél structure fine, or by performing
quenéhing;to stop the growth of crystals, but such
measures have not proved to be entirely effective.
Rathei, the addition of a third component such as the
nucleating agent is likely to impair the inherent
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pl anetary screw extruder, a gear-typo extruder or a screw e$sjextruder. In
t he nDFdi ng process, known additives such as heat stabilizefs} I2QIFER 1997
stabilizers, antistatic agents, slip agents, antiblocking agehts, antihaze
agents, lubricants, inorganic and organic fillers, dyes and}pi-gments may be
used as required. Phenollc or sulfur-type ant|OX|dants may be cited as

exanpl es of such additives. The phenori@ anti oxi dants include, for exanple,
phenol s suchﬁﬁ?%lkﬁnﬁ -propeptigs- pfctdeolpolytadafiins. Furthermore, the

(3,3, -di neth | vl y
(4- hydr ox- 3, ih-tert éeﬁgaeﬁgaygggﬁlgégé§ iﬁiﬁ%ﬁ# *¥5ﬁbnt, and is
3,5-di-tert- BhSA 0¥9béﬁ§9Feph@§ﬁhm istange 195 sr(zagx@xcn.mh a

decrease in crystallinity.
_ On the other hand, methods have been proposed
for producing polymers having superior -transparency by
copolymerizing ethylene with bulky comonomers. U. S.
Patent 2,883,372 discloses a copolymer of ethylene with
2,3-dihydrodicyclopentadiene. This copolymer has a well
balanced combination of rigidity and transparency but low
heat resistance as shown by its glass transition tem-
perature of about 100°c.

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) p ~

--- (a)

R
. s
wherein R is hydrogen or a lower alkyl group,
which comprises polymerizing a 1,4,5, 8-dimethano-'
1,2,3,4,42,5,8, 8a-octahydronaphtha1ene represented by the
following formula (b)

R

wherein R is as defined above,
alone or with a cyciic olefin selected from styrene,
acenaphthylene,'bicyclo-lz.z.llhepﬁene-z. alkyl-substi-
tuted products of the heptene and cyclopentene in the
presence of an alcohol as a reducing agent using a halide
of a noble metal such as ruthenium as a catalyst.

This Sheet Has Been Rep
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tert- buLyI 4' - hydroxybenzyl thio)-1, 3,5-triazine, distearyl
(4- hydr dxy-3-net hyl -5-tert- butylbenzyl)nalonate 2,2" -met hy
eneli s(4- met hyl -6-tert-butyl phenol),

4, 4" -met hyl-enebi s(2,6-di-tert- butylphenol),

REPLACEMENT SHEET
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2, 2" -met hyl enebi s[ 6- (1- net hyl cycl o- idgp cresol],

bi s[ 3, 5- bi s[ 4- hydroxy %E% teﬂiﬁki %{@t¥6$§r§959§ ghgc<

4,4' -butylidenebi s(6- t &P m *Cr

', 43R

1,1,3-tri s(2dmehyano-ayar.axmaer&rmmmmlwgibqn@pbthalene as part
DLsLZtert DUving LK) o GerbAErcnty ' R ndabbor SprBd iR e |
,Socyanurateof1a3e5aﬁppsdlsclosed in 'Japanese Laid-Open Patent Publi-
(3, 5-di -tertcbawhs%b&dr@sm@m'/u)eﬁs4 217287 098BgNBEHN911/1984,
tetrakis[met Byl 59873983 3nd - te”lé’)ité’& Aamy O O¥PnE YL L PY0178, 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

understood from the formula (a), these ring-opened

polymers are structurally characterized by the
the main polymer chain contains an unsaturated

fact that
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

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 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
bicyclo[2.2.1lhept-2~ene of the following formula (d)

O e

or its substitution product.

U. S. Patent 3,494,897 discloses a process for

This Sheet Has Been Replaced
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pi onat e].net hane, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenZ/IRl“LACE“”NT SHEET
i socyanlrate, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxyphenyl)
progi onyl oxyet hyl ] isocyanurate, 28 FEB 1997
2-octylthio-4,6-di (4-hydroxy-3,5,di-tert-butyl)phenoxy-1, 3, b-{riazine and
4,4' -t hiobis (6 tert-butyl-mcresol); and pol yhydric phenol carbonic acid

oligoesters such as carbonic acid oligogsters (for exanple, {having a degree

of polymeriz -
PO Hing p et oF sybriOntin o picriof 2.

sul fur-type mmgunawgns tqeraaenapa H&Qﬂﬁﬂﬂuﬁ@%@%héh(aé di | auryl,
dinyristyl or distearyl thlodlproplonate, and esters (such as

pent aerythritol tetralaurylthioprogé:;?te) formed between

al kyl t hi opr opi oni c aci ds
=== (e)

R R!

Example 44 and claim 92 of this patent discloses a co-
polymer of ethylene with tetracyclo[6,2,1.13'6,02'7]-4-
dodecene of the following formula (f) encompassed within

the formula (e)
00D

~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 molet at most of the tetracyclododecene.
U. S. Patent 3,494,897 does not at all describe specifi-
cally copolymers of ethylene with tetracyclododécenes
other than the tetracyclo[6,2, 1 13 6,02 7]-4-dodecene of
formula (f). y

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 molet 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°%.

The copolymers described in these prior art
references which contain only 2% at the largest of
octahydrodimethanonaphthalene have a glass transition

- This Sheet Has Been Replaced
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| auryl - or stearylthiopropionic aci
al cohol § (such as glycerol, trinethylol ethane, trinethyl ol gr
pentaerythritol or tris- hydroxyethyl di i socyanurate).

Phosphor ous- cont ai ni ng conpounds nay al so be incorporated.
trioctyl phosphite, trilauryl phos- phite, tridecyl phosph

such as_butyl-, octyl-,

octyl di phenyl phosphite, tris(2,4-di-deyt: butylphenyl) phog

o REPLAGEMENT SHEET

pane,
28 FEB 1997
Edanpl es i ncl ud
te;

phlte triphenyl

phosphi te, teéﬁg@yﬁ{r’ggygkhmu@aﬁet {t, ¢ Ho0ds

di stearyl penta hosphite

thyl -5-tert-®xXRibp
m xed al kyl )mécHani&2P" pP¥pedeie® phenyl di phos-

br by PRERBRAS

ﬁ hyaubkyrwhwwmtm tmmoemrtheatetea(tqencle Qe r] *

U. S. Patent Application Serial No. 696,161
(European LaidfOpen Patent Application No. 0156464) dis-

closes 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 3 carbon atoms
or a cycloolefin, wherein the mole ratio of polymerized
units from the 1,4,5,8-dimethano-1,2,3,4,42,5,8,8a-octa-
hydronaphthalene 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 specification of U. S. Patent No. 2,883,372
discloses a normally solid copolymer of ethylene and
2,3-dihydrodicyclopentadiene having the following formula

Qo

said copolymer having a density in the range of 0.96 to
1.02 and being capable of being compression-molded at
elevated temperatures into tough films.

It is an object of this invention to provide a
novel random copolymer.

Another object of this invention is to provide
a novel random copolymer having excellent transparency,
ther:t .1 resistance, heat aging resistance, chemical re-
sistance, solvent resistance, dielectric properties and
mechanical prope:tzes.

Still another objects of this 1nvent10n is to

provide a novel random copolymer having a narrow molecular

weight distribution.

Further objects and advantages of this invention

will become apparent from the following description.

This Sheet Has Been Replaced -




.
phi te, tetra(tridecyl)-4, 4"~ butylidenebi s(3- methyl - 6- tert - Hufil HAGRET
dlphosphlte tris(3,5- di-tert- but yl - 4- hydr oxyphenyl ) phosphi tle,

i s2BrioEs PHend

tri g(nmono-di -m xed nonyl phenyl ) phosphite, hydrogenated 4, 4
(octyl phenyl ), bi s[4, 4 butylldeneblsLS met hyl - 6-tert- butylphenbl)].

di phenol pol yphosphite, bis
1, 6- hexanedi ol di phosphite, . .phenyl -4 4"-isopropylid-
enedi phenol - pentaeryth&¢?6¥dﬁﬂﬁhg9pﬁhﬂ§ invention, the above Objects

bi s(2, 4-di -t JH&&HE&@@H'A?E“E&@EE&@H dlirgvasphidedom copolymer
bi s(2, 6- dl-tert but nethxbg enyl)peE?Lerythrltol di phosphite,

trisa4, 4-:5ﬂﬂ%ﬁﬁ# Hﬁﬁ%glé B2 -but yl phenol )] phosphite, phenyl diiso-
decyl phosphite, di (noty) pbheykcppedymeryidompmlses mm‘apm:ezed units

tris(1,3-di-stear Ol Oxyh§ORAAPELY yRAIRYY Gnitdt £GPPI 1east one

cycloolefin selected from the group consisting
of compounds represented by the following formula (I)

=== (D)

wherein Rl, Rz, R3, R4, Rs, RG, R7 and R8 are

identical or different and each represents a
hydrogen atom, a halogen atom or a hydrocarbon
group having 1 to 10 carbon atoms, and R’ and
Rlo are identical or different and each re-
presents a hydrogen atom, a halogen atom or a
hydrocarbon group hav1ng 1 to 10 carbon atoms,
or R9 and R10 are bonded to each other to form a

group of the following formula

11 12 . . .
in which R and R are identical or different

and euch represents a hydrogen atom. a halogen

atom or a hydrocarbon group having 1 to 10

carbon atoms, and £ is an integer of 3 or 4, and

n is 0 or a positive integer of 1 to 3,

(B) the mole ratio of the polymerized units from
the cycloolefin to the polymerized units from ethylene is
from 3:97 to 60:40,

(C) the cycloolefin of formula (I) is incorpo-

-
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pyl i denebi s(2-tert-butyl phenol)-di (nonyl phenyl) phosphite,
9, 10- dlhydro 9- oxa- 10- phosphaphenant hr ene- 10- oxi de, and

t et Faki s(2,4-di-tert-butyl phenyl)-4,4'-bi phenyl ene di phosphoti eazqﬁgﬁ%npgn
al so be used 6-hydroxycounarone derlvatlves such as alpha- e P—
and- del t a-t ocopherol s and m xtures t hét dof~ a 2,5-di meth sybstitution
product, 2,5, ﬁateﬂnénhyhespbéwﬂﬁﬁtQQQﬁﬂxﬁﬁnPQ}YQesl?e KB%F =
substi t ut ed A£€0mt ) ¢ hydr oxycoumar one,

2 1] ot I TTEER By Ehe( FERLOM I ot (7L

2,2,5- trlnethyl 7-tert-butyl.-6- hy.mpxycounaro e,
2,2,5-trinethyl-6-tert-buty| 6- hydr oxycoumarpne, and 2, 2-

-—- (1I)

wherein all symbols are as defined above,

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

(E) the copolymer has a molecular weight disf
tribution (Mw/Mn), measured by gel permeation chromato-
graphy, of not more than 4, and '

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

According to this invention, the novel random
copolymer of the invention can be produced by a process
which comprises continuously copolymerizing ethylene with
at least one cycloolefin selected from the group consist-
ing of compounds of the following formula (I)

=== (1)

wherein ail symbols are as defined above,
in a hydrocarbon medium in the presence of a catalyst
formed from a soluble vanadium compound and an organo-
aluminum compound while maintaining the atomic ratio of
aluminum atoms to vanadium atoms in the reaction system
(Al1/V) at 2 or higher.

This Sheet Has Been Replaced
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I Jo—

ounds of the

di met hyl-5-tert-butyl - 6-hydroxycoumarone. It is also possi bl
i ncorporate a conpound represented by the general fornmula
Meﬂ]AHerH(OW[eH](M[eH]aWeH]OvmmehwMremesmﬂsﬁ
is an ani on other than a hydroxyl anion, x, y and z are posi
and a represents 0 or a positive nunBer8 s£xanples of the co

above fornmula are, The cycloolefin used in this inventio
sented by the above formula (I).
In formula (I), Rl. Rz. R3. R4, Rs, Rs, R7

R are identical or different, and each represents a
hydrogen atom, a halogen atom or a hydrocarbon group
having 1 to 10 carbon atoms. The halogen atom is, for
example, fluorine, chlorine or bromine. The hydrocarbon
group is preferably an alkyl group. Preferably the alkyl
group has 1 to 10 carbon atoms, especially preferablj 1l
to 5 carbon atoms. The alkyl group may be linear or
branched, and include, for example, methyl, ethyl, n-
propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, t-
butyl, pentyl, hexyl, heptyl, octyl, nonyl and decyl.

In formula (1), R9 and Rlo are identical or’
different and each represents a hydrogen atom, a halogen
atom or a hydrocarbon group having 1 to 10 carbn atoms.
Alternatively, R9 and Rlo are bonded to each other to form

a group of the following formula

RTI

and
8

12
NG
. 1] 12 . . ,
wherein R and R are identical or different

and each represents a hydrogen atom, a halogen

atom, or a hydrocarbon group. having 1 to 10

carbon atoms, and £ is an integer of 3 or 4.

Examples of the halogen atom and the hydrocarbon
group represented by R9 and Rlo are the same as those
given above. -

When n is 0 in formula (I), the cycloolefin of
formula (I) may be represented by the following formula

(I)-1

-— (1)-1

This Sheet Has Been Replaced
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My[err]Al[err] (OH)[err]Coerr] 4Herr]Q, | REPLACEMENT SHEET
My[err]Al-[err](OH)[err]COerr][err]H err] O Ng[err]Al[err]( [err]CO err]
4H err] O M[err]Al[err](Of)[err](CJerr])[err] 4Herr]Q 8 FEB 1997
ll\l/lgil%err%gl[err](O—I)[err]HPQerr] AH err] O Ca[err]AI[err](O—Iy rr err
err
h -0 -

wherein all symbols are as defined abever————wmmw~~«w§
and when n is a positive integer of 1 to 3, the cyclo-
olefin of formula (I) may be represented by the following
formula (I)-2

—-= (I)-2

wherein n' is a positive integer, and all other
symbols are the same as those defined for
formula (I).
The integer n' is preferably 1 to 3, especially preferably
1l to 2.
Examples of the cycloolefin of formula (I)
[including formulae (I)-1 and (I)-2] include
bicyclo{2,2,1}hept-2-ene,
6-methylbicyclo[2,2,1}hept-2-ene,
5,6-dimethylbicyclo(2,2,1]hept-2-ene,
l-methylbicyclo[2,2,i]lhept~2-~ene,
6-ethylbicyclo[?,2,1}hept—2-ene,
6-n-butylbicyclo[2,2,1]hept-2-ene,
6-i-butylbicyclo[2,2,1}hept-2-ene,
7-methylbicyclo[2,2,11hept-2-ene,
tricyclo(4,3,0, 12' }=3~-decene,
2-methyl-tricyclo[4,3,0, 12' ]-3-decene,
5-methy1tr1cyc10[4 3,0, 12' ]-3-decene,
tricyclo(4,4,0,1 '5]-3-decene,
10-methyltricyclo(4,4,0, 12'5]-3—decene,
1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydro-
naphthalene,
2-methyl-1,4,5,8-dimethano-1,2,3,4,4a2,5,8,8a-
octahydronaphthalene,
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28 FEB 1997

- 10 ~

2-ethy1-1.4.5,8-dimethano-1,2,3,4.4a,g73783="“
octahydronaphthalene, '
2-propyl-l,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-
octahydronaphthalene, ]
2-stearyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene,
2,3-dimethyl-1,4,5,8-dimethano~-1,2,3,4,42a,~
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-1,2,3,4,4a2,5,8,8a~
octahydronaphthalene,
2-bromo-1,4,5,8~dimethano-1,2,3,4,4a,5,8,8a-"
~ octahydronaphthalene,
2-fluoro-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, _
2-cyclohexyl-l,3,5.8,-§imethano-l,2,3,4,4a,-
5,8,8a-octahydronaphthalene,
2-n-butyl-l,4,5,8~-dimethano-1,2,3,4,42,5,8,8a-
octahydronaphtghalene,
2-isobutyl-1,4,5,8-dimethano-1,2,3,4,42,5,8,8a-
octahydronaphthalene, :
5.10-dimethyltetracyclo[4,4,0,12;5.17'1°]~3-

dodecene,

2,10-dimethyltetracyclo(4,4,0, 12 3, 17 110) 5.
dodecene, .
11,12~dimethyltetracyclol4,4,0,1273,17710).
'3-dodecene, - .

2,7,9-trimethyltetracyclo(4,4,0,1
3-dodecene, : _
9-ethyl-2,7-dimethyltetracyclo(4,4,0,

-3~dodecene,

3,5,,7,10;

12,5'
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and My[err]AlJerr](OH[err]CJerr]3Herr] O There may al so
antioxi dant having a 2-benzof uranone skel eton, such as

FPARCEMENT SHEET

3-phenyl - 2- benzof uranone and 3- phenyl -4, 6-di -t-butyl -2-benzéf

No. 501, 181/1980. Exanpl es of the |ightllst-abilizers include
hydr oxybenzophenones s@shsabuylyd,Pagidnd iy eedepelenony,

B W

ranone as
di sclosed in the specification of Japanese Lai d-Open Patent |P blz.&f |

[4,4,0,12¢3,19/30)_3_gogecene, L~
9,11.12-trimethy1tetracyclo[4,4,0,12'5,17'10
3-dodecene,
9-ethyl~-1ll,12-dimethyltetracyclo[4,4,0,
-3-dodecene,
9-isobutyl-1l1, 12-d1methy1-3-tetracyclo-
[4,4,0,12¢3,17" 1°1-3-dodecene,
5,8.9.lo-tetramethyltetracyclo[4,4,0,12'5.
-3~-dodecene,
hexacyclo{6,6,1;1
heptadecene,
12-methylhexacyclol[6,6,1,1°79,110713 2/7 9,14;_
4-heptadecene,
lZ-ethylhexacyclo[G 6,1
4-heptadecene,
12-isobutylhexacyclo[6,6,1,1

]~

12,5'

170104
3,6,120,13 2,7 09,14, _,_

3,6,910,13 3,7 (9,14_

3,6

10,13'0

,1 2,7,

09'14]-4-heptadecene,
1,6,10-trimethyl-12-isobutylhexacyclo(6,6,1,
13'6,110'13,02'7,09'14]-4 -heptadecene,
, octacyclo[8,8,129,14¢7,111,19 113,16 5 43,8
012'17]—5-dococene,
15-methyloctacyclo[8,8,12'9, 4'7,111'18,113'16,
0,03'8,012'17]-5-dococene,

15-ethyloctacyclo|[8,8, 12/ 9,14'7,111’18.113'18,
113 16 ,6,038,012/27) _s_gococene,
1 3-dlmethy1pentacyclo[6 6,1,1
4-hexadecene,
1,6-dimethylpentacyclo(6,6,1,1
4-hexadecene,
15,16-dimethylpentacyclol6,6,1 13¢6,02¢7 09,24, _
4-hexadecene,
- pentacyclo(6,5,1,
1,3-dimethylpentacyclo(6,5,1,1
pentadecene, -
1,6-dimethylpentacyclo(6,5,1,137%,0277,0%/13) 4
pentadecene,

3/6 92,7 9,14 _

316,02,7 09,14, _

13'6,02'7.09'13]-4-pentadecene,
3.6'02.7 9, 13] -4~
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2- hydr oxy- 4- n- oct oxybenzophenone, 2,2'-di hydroxy- 4- net hoxybgnzeptrenome—and
2, 4- di hydr oxybenzophenone; ben- zotrlazoles such as 1997
2- (2 hydroxy-3'-tert-butyl-5'-methy|phenyl)-5-ch|orobenzotriezozg,FEB
2-(2'-hydroxy-3",5 -di-tert-butyl- phenyl)-5-chl orobenzotri gzdle
2-(2' - hydroxy-5' nethylphenyl)benzotLlazoLe and 3,60
2-(2' -hydroxy-3',5' -diy4 @ﬂ¥ triei 82ql g3 ¢ mébdbqﬁ#éﬁ%f:as-——-”
phenyl sallcylate -tert ut éﬁﬂﬁ %EgEFQIQ 3913 !
2, 4-di - t ert 4oPeW ney 5- d|-tert- butgl-4 hy roEy enzoate and '
hexadecyl 3,5-di-tert ﬁac ﬁagspsypen [J] gg, al @mmngx&aéasﬁeas
2,2'-thiobis (4-tert- ckel 9salgt, 7 11 17 12,16
[2, 2" -thiobis(4-tert- 3&%%&@%‘8 ?a?g?]f batyl aitne ‘ni ifn® sal't0 and 13-
(3, 5-di -t er b~eicpisenehy-and
pentacyclo[B,B,lz'g.14'7,11l'18.0,03'8-012'17l-
5-heneicosene.

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

" The compounds of formula (I) can be easily
produced by condensing cyclopentadienes with the corres-
ponding olefins by the Diels-Alder reaction.

According to the process of this invention, the
cycloolefin of formula (I) is copolymerized continuously
with ethylene in a hydrocarbon medium in the presence of a
catalyst. The catalyst is one formed from a soluble '
vanadium compound and an organoaluminum compound. 1In the
copolymerization reaction carried out continuously, the
atomic ratio of aluminum atoms to vanadium atoms, Al/V, is
maintained at at least 2. _

The soluble vanadium compound used in this
invention as a component of the catalyst is a vanadium
compound soluble in the hydrdcarbon medium in the poly-
merization reaction system. It may include vanadium com-
pounds represented by the general formula VO(OR)a-xb or
V(OR)cxa wherein R is a hydrocarbon group such as an
aliphatic, alicyclic or aromatic hydrocarbon group having
1 to 20 carbon atoms, preferably the aliphatic hydrocarbon
group having 1 to 5 carbon atoms, especially 1 to 3 carbon
atoms, 0<ag3, 0<bg<3, 2£a+bg3, 0§c$4, 0gd<4, 3gc+d<4, and
X is halogen such as Cl, Br or I and adducts of these
compounds with electron donors. Specific examples are
VoCl,, VO(OCH,)Cl,, VO(OCH3) 3¢ VO(OC,Hg)y £Cl; o
vo(ocC Hs)Clzp VO(OCzﬂs)ZCl. VO(O~iso-C3B7)C12,
VO(o-iso-C3H7)2Cl, VO(O-zso-C3H7)1 5Cl1 5
VO(O-n-c3H7)1 5Cl1 5 VO (0O-n-—- C3H7)C12. VO(O-n—C3H7)C1,
vo(o-c5 11)1.SCI1-5' VO (0-n-C Hg)C12. vVo(0-n-C,H 9)2C1.
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dr oxybenzyl ) - phosphoni ¢ aci d nonoet hyl ester nickel salt; s*BRE?HAmEMﬂNT SHEET
acryloniriles such as nethyl al pha-cyano-bet a-

nmet Kyl - bet a- ( p- met hoxyphenyl )acryl ate; oxalic acid dianilidgs
N'-2-ethy|phenyl-N—ethoxy-5-tert-buty|phenyl oxalic acid didm gf§4ﬂ§8'997

N- 2- et hyl phenyl - 2 et hoxyphenyl oxal iyjg acid di am de; and Hi

conpounds s S, 6 t th I pe epac
pol y[ (6- (1, T V@“g -1207 réﬂ% thgﬂtS to ﬁé%/ Cnéhs B4 r‘*‘g@f@ﬁ Pm’@’i—?ﬁi'ﬁ
(2, 2,6, 6-t etVelps INOEL per VYL )lﬂmg).hémmgatwwm-%gﬁb@comuénsatlon
product of th? hi’éc # ?gate and (4-hy-
droxy-2,2, 6, 6-t®tTan@thylr-1 plperldyl)ethanol
Compounds having at least one Al-C bond in the
molecule can be used as the organocaluminum compound as a
catalyst component. Examples are

(i) organocaluminum compounds of the general

131(0R14

14

formula

) ¢BpXq

wherein R™~ and R are identical or different
and each represents a hydrocarbon group having 1
to 15 carbon atoms, preferably 1 to 4 carbon
atoms, X represents a halogen atom such as Cl,
Br or I, m is a number represented by 0<mg3, t
is a number represented by 0£t<3, p is a number
represented by 0<t<3, and q is a number re- '
presented by 0<£g<3, provided that m+t+p+qg=3.
(ii) Complex alkylated compounds of metals of
Group I of the periodic table and aluminum which are
represented by the following formula

13

1 15
MTALR,

15 is as defined

wherein Ml is Li, Na or K, and R
above.
Examples of the organocaluminum compounds (i) are

compounds of the general formula

1 14,
RiAL(OR )5 o

13 ol4

and R are as defined, and m is
preferabl& a number represented by 1.5¢m¢3,
compounds of the general formula

1
nmilxs_m

13

wherein R

wherein R is as defined, X is halogen such as
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Exanpl eg of the lubricants include aliphatic hydrocarbons such as paraffin
wax, polyethylene wax and pol ypro- pylene wax; higher fatty _acids such—asm——
capric acid, lauric acid, nyristic acid, palmtic acid, nakopept@CERENT SHEET

stearic aC|d arachi di ¢ acid and behenic aci d; netal salts op—hrgher"ﬁarry
aci ds such as lithium calcium sodium jgagnesium and pot agsi r%éa':lréﬁﬁh

t he above- exenpllfled A.ts @Qbﬂs} +h3hﬁt5§a?k§% %igﬁ,c §Uch ag

al cohol , cet al cohol and .st ear
caproi c anidé°m88HP 5 © aﬁhﬁagﬁﬂﬁfﬂlcfanmuéa Iaurlc amide} nyristic anide,

pal mtic am de and stearic am de; esters forned between fat
al cohol s; and fluorine conpounds sygf as
-m

wherein R;3 is as defined, and m is preferably a

number represented by 2{m<3, and
compounds of the general formula

RIA1 (on“)nxq
wherein RY3 and R4 are as defined, X is halogen
such as Cl, Br or I, 0<m<3, and 0£q<3, provided
that m+n+g=3.

Examples of the aluminum compounds (i) include
trialkyl aluminums such as triethyl aluminum, triisoprépyl
aluminum and tributyl aluminum; dialkyl aluminum alkoxides
such as diethyl aluminum ethoxide and dibutyl aluminum
butoxide; alkyl aluminum sesquialkoxides such as ethyl
aluminum sesquiethoxide and butyl aluminum sesquibutoxide;
partially alkoxylated alkyl aluminums having the average
composition of R% 5A1(0R )0 5} partially halogenated alkyl
aluminums, for example dialkyl aluminum halides such as
diethyl aluminum chloride,.dibutyl aluminum chloride and
diethyl aluminum bromide, alkyl aluminum sesquihalides
such as ethyl aluminum sesquichloride, butyl aluminum
sesquichloride and ethyl aluminum sesquibromide, and alkyl
aluminum dihalides such as ethyl aluminum dichloride,
propyl aluminum dichloride and butyl aluminum dibromide;
partially hydrogenated alkyl aluminums, for example _
dialkyl aluminum hydrides .such as diethyl aluminum hydride
and dibutyl aluminum hydride, and alkyl aluminum di-
hydrzdes such as ethyl aluminum dihydride and propyl
aluminum dihydride; and partially alkoxylated and halo-
genated alkyl aluminums such as ethyl aluminum ethoxy-
chloride, butyl aluminum butoxychloride and ethyl aluminum
aluminum ethoxybromide. As compounds similar to (i),

_—
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f 1 uor oalkyl carboxylic acids netal salts thereof, and nmetal shiREPLAGEMENT SHEET
fluoroal kyl -sul foni c aci ds. Exanples of the f|IIers I ncl ude | nbrganic or
orgdnic fibrous fillers such as glass fibres, silver- or a|UT11UQKF eﬁn
gl ass fibers, stainless steel fibers, alun1nun1fibers, potass ana

fibers, carbon fibers, whiskers, KevhmjsﬁJ] fi bers and supef h+gh e1aal;u

pol yet hyl eneoﬁé)&é&luﬂﬁuhn%mﬁdy HAANS DOTEAYL G&anuhaﬁlahmfsl aky

fillers such as_talc, calcium cCarbonate, nagne5|un1h¥drOX| cr um

oxi de, rragne%‘?’!ﬂ?@u?hﬁ?ﬁ?thme"ﬁ’ée%%éTiW ag Fv@PypEMBr €copper
powder, car hmedbl acBxafipl ¢sr ofosuth Hoifso mecwls;:ral wbaghanmamdcgkigai,

beads, al uni (&m& f akfamf&ahnl ezs's ashtdeek 6)keflm.l(C:Zlvls)2.

Examples of the compounds (ii) are LiAl(Czﬁs)4
791504~ :

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

The copolymerization reaction in accordance with
the process of this invention is carried out in a hydro-
carbon medium. Examples of the solvent include aliphatic
hydrocarbons having 5 to 15 carbon atoms such as pentane,

and LiAl({C

hexane, heptane, octane and kerosene; alicyclic hydro-
carbons having 5 to 15 carbon atoms such as cyclopentaﬂe
and cyclohexane, methylcyclohexane; and aromatic hydro-
carbons having 6 to 15 carbon atoms such as benzene,
toluene and xylene. These solvents may be used singly or
in combination. _

In the process of this invention, the copoly-
merization reaction is carried out continuously. During
the reaction, the ratio of aluminum atoms to vanadium
atoms, Al/V, is maintained at 2 or higher, preferably 2 to
50, especially preferably 3 to 20.

The soluble vanadium compound and the organo-
aluminum compound are fed to the reaction system usually
after dilution with the hydrocarbon medium. The con-
centration of the vanadium compound to be fed to the
polymerization reaction system is usually not more than
10 times, preferably 7 to 1 times, more preferably 5 to
1 times, that in the polymerization reaction system. On
the other hand, thé'organoalumfnum compound may be fed to
the polymerization system'after its concentration is
adjusted to not more than 50 times that in the poly-
merization system. In the process of this invention, the
concentration of the soluble vanadium compound in the
\
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nal
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and ni ckel -coated graphite. The random copol yners of this inv nBEEh$QﬁM5gT SHEE
excel l ent transparency, heat resistance, heat aging resistancdg, |chem cal
resistance, solvent resistance, dielectric properties and necHarli cpg FEB 1997
properties, a narrow and uniform nolec- ular weight distributijory, and a
narrow and uni form conposition distriguikon. Accordingly, tho vimg a
| ow nol ecul ar wei ght are synthetic waxes“and are useful as canfl es
i npr egnat i ngCRBeAYReTdZ atiiamhcseaghpen FYALERi A§ HEEAddY i-fds)
ant i oxi dant s gkam-ateRey/1 e/ Ppoefépabagen . 0sf @b sagiadaatomsy10ter,
rel easi ng agents _for,.chem cal ferflLéﬁers heat a%cg-. \ .
as vanadium atoms. n e pkocess o his invention for
producing the cycloolefin random copolymer, the copoly-
merization reaction may be carried out in the copresence
of an electron donor in the polymerization reaction system
in addition to the soluble vanadium compound and the
organoaluminum compound as catalyst ingredients. Examples
of the electron donor include oxygen-containing electron
donors such as alcohols, phenols, ketones, aldehydes,
carboxylic acids, esters of organoc acids or inorganic
acids, ethers, acid amides, acid anhydrides and alkoxy-

silanes, and nitrogen-containing electron donors such as

ammonia, amines, nitriles and isocyanates. The copoly-
merization reaction is carried out usually at -50 to
100°C. preferably -30 to 80°C, more preferably -20 to
60°c. The average residence time in the copolymerization
reaction differs depending upon the type of the polymeri-
zation material, the concentrations of the catalyst com-
ponents, and the polymerization temperature. Usually it
is 5 minutes to 5 hours, preferably 10 minutes to 3 hours.
The pressure duting the copolymerization reaction is
usually more than 0 to 50 kg/cmz, preferably more than 0
to 20 kg/cmz. If desired, it is carried out in the pre-
sence of an inert gas such as nitrogen or argon. To
control the molecular weight of the copolymer, a molecular
weight controlling agent such as hydrogen may be present
in the reactiom system. The polymerization reaction
@ixture after the copolymerization is treated in accord-
ance with conventional methods to give the desired cyclo-
olefin random copolymer. .

The mole ratio of ethylene/cycloolefin fed to
the copolymerization reaction system in the process of
this invention is usually from 99:1 to 1:99, preferably
98:2 to 2:98. .

In this invention, the cycloolefin is copoly-

_—
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nmul at ors, binders for ceram cs, paper condensers, electric n%gﬂ' MHNT SHEET

materials for electric wres and cabl es, agents for decel erfting eufrons,
fiber finishing aids, water-repellents for building materials| 2®FER 1993
agents for coatings, polishing agents, thixotropy inparting{agents, core

hardeni ng agents for pencils and crayons, carbon ink substrtes,

el ect rophot ogr aphi ¢ toners, |ubricant? %ﬂmrrelea5|ng agent slior nolding of

synt hetic remenszedewnhhcebhmhqpexﬁnﬁs réqureéLtaadhhsmv@gp&%ﬂﬂ&&kﬁ&@ant
greases. Thoﬁﬁs?@iﬁggea %% l?in"‘ﬁ" Phhgfopnienuardd ot 1l ol

field as optlca enses I ca |scs ers an W ndowpanes, in
an eIectrlcathﬁlebde§§3a0ﬁaﬁaﬁtkﬂﬂ@ﬂ%#o%beﬁPFlG&FmPlGnén B @mQynt of

50 mole%,. preferably 40 mole%, based on the ethylene units
in the coyolymez may be copolymerized in addition to these
two essential components. Specific examples of the other
copolymerizable unsaturated monomer include alpha-olefins
having 3 to 20 carbon atoms such as propylene, l-butene,
4-methyl-l-pentene, 1-heiene, l-octene, l-decene, l-dode-
cene, l-tetradecene, l-hexadecene, l-octadecene, l-octa-
decene and l-eicosane which are to be used in an amount of
less than 1 mole per mole of the ethylene units in the
resulting random copolymer; and cycloolefins such as
cyclopentene, cyclohexene, 3-methylcyclohexene, cyclo-
octene, 3a,5,6,7a-tetrahydro-4,7-methano-1H-indene, non-
conjugated dienes such as 1,4-hexadiene, 4-methyl-1,4-
hexadiene. 5-methyl-l,4-hexadiene, 1,7-octadiene, dicyclo-
pentadiene, 5-ethylidene-2-norbornene and 5-vinyl-2-nor-
bornene, and norbornenes such as norbornene-2, S-methyl-‘
norbornene-2, 5-ethylnorbornene-2, 5-isopropylnorbornene-
2, 5-n-butylnorbornene-2, S5-i-butylnorbornene-2, 5,6-
dimethylnorbornene-2, 5-chloronorbornene-2, 2-fluoro-
norbornene-2, and 5,6-dichloronorbornene-2,.

The copolymerization reaction in accordance with
this invention can be advantageously carried out by con-
tinuously feéding ethylene, the cycloolefin, and option-
ally the other copolymerizable component as materials to
be polymerized, the soluble vanadium compound and organo-
aluminur. compound as cafalyst components, and the hydro-
carbon medium into the polymerization system, and con-
tinuously withdrawing the polymerization reaction mixture
from the polymer;zation reaction system.

According to the continuous process of this
invention, a random copolymer having a narrow molecular
weight distribution and good transparency can be produced.

The resulting copolymer solution continuously

\
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el ectroni c ovens, base boards for liquid crystal display, ba eREBEﬁQEMﬁNJrSHEET
printed circuit boards hi gh frequency circuit boards and trgngparent

el ectrically conductive sheets or filns, in nedical and chenifcdl 2BRER 1997
syringes, pipettes and ani mal gages, and in other various fi S as

housi ngs of measuring instruments, and {glpets. \Wien the copgly

used In a {1 EREDGEPRR, £1gH BhS 9&9@@“ i Ftion  ARbatTon, my
control ling hytieoicalrbon meﬂﬂun fRplact ionadbf ytheheandam lpopolaines. | dfhée s
for i reau! apbucahined i RPSE AT AGASH 86581 FnER’ sh"Ed A e Y

exterior parts O
copolymer solution is usually 2.0 to 20.0% by weight,

preferably 2.0 to 10.0% by weight. Contacting the re-
sulting copolymer solution with a ketone or alcohol gives
a precipitate of the random copolymer. The precipitate
is separated by such separating means as filtration or
centrifugal separation to give the random copolymer of
this invention. The proportion of the ketone or alcohol
used is usually 200 to 1,000 parts by weight, preferably
300 to 500 parts by weight, per 100 parts by weight of the
-resulting copolymer solution. Examples of the ketones are
those having 3 to 7 carbon atoms such as acetone, methyl
ethyl ketone, diethyl ketone, methyl isobutyl ketone,
dipropyl ketone and acetylacetone. Examples of the
alcohols are alcohols having 1 to 4 carbon atoms such as
methanol, ethanol, propanol, isopropanol, butanol, sec-~
butanol and tert-butanol. The ketones or alcohols may
contain a small amount of water. The use of a mixture of
the ketone or alcohol with usually 0.1 to 10% by weight,
preferably 1 to 5% by weight, of water is suitable since
it gives a copolymer powder having low contents of the
unreacted cycloolefin monomer and a low-molecular-weight
polymer and high bulk density. Contacting of the re-
sulting copolymer solution with the ketone or alcohol is
carried out with.stirring at a temperature of usually 0 to
100°C} preferably 10 to 70°C. especially preferably at
a temperature near _the boiling point of the ketone or
alcohol. This is effected by using a vessel-type mixer
having agitating vanes such as turbiﬁe blades and comb
blades. The rotating speed of the blades is usually 200
to 2,000 rpm, preferably 800 to 1,500 rpm.

As a result of the after-treatment described
above, the random copolymer is precipitated usually in
powder form to form a éuspensiqn. The suspension

P
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pi ns for *optical fiber connectors, plaster casts, container RFA’MEWWT SHEET
bunpers, various space elimnating materials, vibration confrplling :
materials or sound insulating materials In the formof a |ajnhaR® FEBM9G7
metal surface material, and tubes for use in nedical therap

- 19 -

containing the copolymer is separated into the copolymer
and the mother ligquor by such a separating means as cen-
trifugation or filtration. The separated copolymer is
further extractéd with a ketone to give a random copolymer
having low contents of the unreacted cycloolefin monomer
and a low-molecular-weight polymer, a narrow molecular
weight distribution, a narrow composition distribution,
and a high glass transition temperature. The proportion
of the ketone used in the extraction is such that the
concentration of the copolymer in the ketone is usually
10 to 100 g/liter, preferably 30 to 60 g/liter. The
temperature at which the copolymer is contacted with the
ketone is usually 10 to 85°C, preferably 15 to 80°C. The
contacting treatment between the copolymer and the ketone
is usually carried out with stirring using, for example, a
vessel-type mixer having agitating blades such as turbine .
blades and comb blades. The rotating speed of the blades
- at this time is usually 50 to 400 rpm, preferably 100 to
200 rpm. The time required for contacting is-usually 1 to
8 hours, preferably 2 to 5 hours. Examples of the ketone
may be the same as those exemplified for the ketone used
for the precipitation treatment. The copolymer which has
been contacted with the ketone may be separated by such
separating means as centrifugation or filtration. As
required, the separated copolymer is further washed with
the ketone. The washing conditions may be the same as the
ketone contacting treatment conditions described above.
The random copolymer of this invention obtained
by the above after treatmenkt-has a bulk density of usually
0.05 to 0.3, preferably 0.1 to 0.25, and is characterized
by the ease of handling at the time of molding. Further-
more, since the copolymer of this invention have low
contents of the unreacted cycloolefin monomer and a low~-
molecular-weight polymer, optical materials, particularly
optical memory discs, 9olded from it permit reduction of
noises caused by diffused reflection, etc.
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- 10 - The randomcopol yners of this invention may be used aSEBLAGEMENTVSHEET
various known polyners. Exanples of such known polyners arg: R7§“T$W7?§?§*'
derived from hydrocarbons having 1 or 2 unsaturated bonds vy gfg 1963UC
as pol yethyl ene, polypropyl ene, polyisobutylene, poly(nethyl %ut ene- EBS

pol y(4-met hyl pen- tene-1), “pol y(met hyl B& ene- 1), pol yi sopr ¢n&

pol ybut adi ene and pol yBhysgneheopresent! iimyech thirord giives eofandom

—

copolymer in which the mole ratio of polymerized units
from the cycloolefin of formula (I) to polymerized units
from ethylene is in the range of from 3:97 to 60:40. When
n in formula (I) is 0, the above mole ratio is preferably
from 10:90 to 60:40, more preferably from 15:85 to 50:50.
When n in formula (I) is a positive integer, the mole
ratio is preferably from 5:95 to 50:50.

The cycloolefin of formula (I) is incorporated
in the chain of the random copolymer of this invention as
polymerized units of the following formula (II)

wherein all symbols are as defined hereinabove.

The random copolymer of this invention has an
intrinsic viscosity [n], measured in decalin at 135°C, of
0.01 to 20 81/g, preferably 0.05 to 10 dl/g.

The random copolymer of this invention has a
molecular weight distribution (Mw/Mn), measured by gel
permeation chromatography (GPC), of not more than 4,
preferably not more than 3.5, especially preferably not
more than 3. The random copolymer of this invention is
characterized in that this molecular weight distribution
is narrow. This means that the random copolymer of this
jinvention has a low content of a low-molecular-weight
polymer. Accordingiy, when the random copolymer of this
invention is molded into an optical material such as an
optical memory disc or optical fibers, the optical mate-
rial has good surface smoothness, low surface tack, or
good mechanical properties and is suitable for optical
applications.
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Copol yners of the nononers constituting the above pol yner,
such as et hyl ene/ propyl ene copol yner, propyl ene/ butene-1
propyl ene/ i sobutyl ene copol yner, styrene/isobutyl ene copg
rene/ but adi ene copol yner, terpolyners of ethylene, propyl
such as hexadi ene, bicycl opent adi ene Qﬂ 5 et hyl i dene- 2-1

cBEEHARRIENT SHEET'

| yner, sty-

erle 28FER a9975

orjbor nene, and

terpol yners of ethylen but en and |enes S as hexddi gme,—orTtyctopen:
t adi ene and 5-ethy|ideﬁ%&?-ﬁﬁ?§8Fn8°p§& %#Zgh éh&ﬂ%n Ba8 Bl ock

copolyners(ﬁcnyniﬁixin&hﬁismea;uabdobpexydayidlffractom

etry, of 0 to

10%, preferably 0 to 8%, especially preferably 0 to 7%.
The advantage of the copolymer having a crystallinity of
10% or below is that when it is molded into an optical

material such as an optical memory disc or
noises of the optical material caused by re
diffused reflection, etc. are reduced.
Where n is 0 ih formula (I), the
polymer of this invention has a glass trans

optical fibers,
fraction,

random co-
ition tempera-

ture (Tg) of preferably 10 to 130°C, more preferably 20 to

100°c, Wheq n is a positive integer in for
copolymer has a Tg of preferably 10 to 240
ably 20 to 200°c.

The novel random copolymers in ac
this invention are molded by known methods.
they can be extrusion-molded, injection-mol

mula (I), the

o
C, more prefer-

cordance with
For example,
ded, blow-

molded, or rotationally molded by using, for example, a

vent-type extruder, a twin-screw extruder,

twin-screw extruder, a Cokneader, a plstica
truder, a twin conical screw extruder, a pl
ektruder, a gear-type extruder, a screwless
etc. In the molding process, known additiv
stabilizers, light stabiljizers, antistatic

agents, antiblocking agents, antihaze agent

a conical

tor, a mix-
anetary screw
extruder,

es such as heat
agenﬁs, slip

S, lubricants,

inorganic and organic fillers, dyes and pigments may be

used as required.

Phenolic or sulfur-type antioxida
cited as examples of such additives. The p
oxidants include, for example, phenols such

tert-butyl-p-cresol, stearyl (3,3,-dimethyl-

nts may be
henolic anti-
as 2,6-di-
4~-hydroxy-

benzyl)thioglycolate, stearyl beta-(4-hydroxy-3,5-di-
tert-butylphenol)propionate, distearyl 3,5-di-tert-

butyl-4-hydroxybenzyl phosphate, 2,4,6-tris

(3',5'~-di-

tert-butyl-4'-hydroxybenzylthio)-1,3,5-triazine, distearyl
(4-hydroxy-3-methyl-5;tert-butylbenzyl)malonate, 2,2"'-
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(B) Hal ogen-containing vinyl polymers Polyvinyl chloride, pol
chloride, polyvinyl fluoride, polychloroprene, and chlorinate
Pol yners derived from al pha, bet a- unsaturated carboxylic acids
derivatives thereof Polyacrylate, polynethacrylate, polyacryl
pol yacrylonitrile. Copolyners of the «oz®ners constituting th

above- exenpl jhbig 1@Weﬂg§ J%éﬁhf&luu:&p@o$ue?1Fﬁéﬁbs)UDG

acrylonitrilelb rene co mer, acrylonitrilel ene Co ol yner,
andyacrylonl qugrgg-teeé-butyl henol), 2 y—methylene 13[&1 POy

methylcyclohexyl)p-cresol], b1s[3,5-b1s[4 hydroxy-3-tert-
butylphenyl)butyric acid] glycol ester, 4,4'-butylidene-
bis(6-tert-butyl-m-cresol), 1,1,3-tris(2-methyl-4-hydroxy-
S5-tert-butylphenyl)butene, bis[2-tert-butyl-4-methyl-
6-(2-hydroxy-3-tert-butyl-5-methylbenzyl)phenyl])
terephthalate, 1,3,5-tris(2,6-di-methyl-3-hydroxy-4-tert-
butyl)benzyl isocyanurate, 1,3,5-tris(3,5-di-tert-butyl-
4-hydroxybenzyl)-2,4,6-trimethylbenzene, tetrakis[methyl-
ene-3-(3,5~di-tert-butyl-4-hydroxyphenyl) propionate]-
methane, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)
isocyanurate, 1,3,5-tris[(3,5-di~tert-butyl-4-hydroxy-
phenyl)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 polymeriza-
tion of 2, 3, 4, 5, 6, 7, 8, 9, 10) of 4,4'-butylidene-
bis(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 penta-
erythritol tetralaurylthiopropionate) formed between
alkylthiopropionic acids such as butyl-, octyl-, lauryl-
or stearylthiopropionic acid and polyhydric alcohols (such
as glycerol, trimethylolethane, trimethylolpropane, penta-
erythritol or tris-hydroxyethyl diisocyanurate).

Phosphorous-containing compounds may also be in-
corporated. Examples include trioctyl'phosphite, tri-
lauryl phosphite, tridecyl phosphite, octyldiphenyl phos-
phite, tris(2,4-di-tert-butylphenyl) phosphite, triphenyl
phosphite, tris(butoxyethyl) phosphite, tris(nonylphenyl)
phosphite, distearyl pentaerythritol diphosphite, tetra-
(tridecyl)-1,1,3~tris(2-methyl-5-tert-butyl-4-hydroxy-
phenyl)butane diphOSphife, tetra(clz-c15 mixed alkyl)-
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rene/ acrkyl ate copol yner. (D) .Pol yners derived from unsaturat at-cehots;
am nes, acyl derivatives thereof, or acetals Polyvinyl alcohal §°'¥¥b”¥b7
acet'ate, polyvinyl stearate, polyvinyl benzoate, polyvinyl nhlEka

pol yvi nyl butyral, polyallyl phthalate and pol yallyl nmel am ne] Lopol vners of
t he mononers constituting the above-exenplified polyners with other

copol yneri zabl e non- oners, such as etRB3l ene/ vinyl acetate cbpolyes

4,4'-isopropylidenediphenyl diphosphite, tetra(tridecyl)-
4,4'-butylidenebis(3-methyl-6-tert-butylphenol) diphos-
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)}.l,6-hexanediol diphosphite, phenyl-4,4'~-iso-
propylidenediphenol-pentaerythritol diphosphite,
bis(2,4-di-tert-~-butylphenyl)pentaerythritol diphosphite,
bis(2,6-di~tert-butyl-4-methylphenyl)pentaerythritol
diphosphite, tris[4,4'-isopropylidenebis(2-tert-butyl-
phenol)] phosphite, phenyldiisodecyl phosphite, di(nonyl-
phenyl)pentaerythritol diphosphite, tris(l,3-di-stearoyl-
oxyisopropyl) phosphite, 4,4'-isopropylidenebis(2-tert- |
butylphenol)~di(nonylphenyl) phosphite, 9,10-dihydro-9-
oxa-l0-phosphaphenanthrene-l10-oxide, and tetrakis(2,4-di¥
tert-butylphenyl)-4,4'~biphenylene diphosphonite.

There can also be used 6-hydroxycoumarone de-
rivatives such as alpha-, beta-, gamma- and delta-toco-
pherols and mixtures thereof, a 2,5-dimethY1-substitution
product, 2,5,8-trimethyl-substituted product or 2,5,7,8-
tetramethyl-substituted product of 2-(4-methyl-pent-3-
eny)-6-hydroxycoumarone, 2,2,7-trimethyl-5-tert-butyl-6-
hydroxycoumarone, 2,2,5-trimethyl-7-tert-butyl-6-hydroxy-
coumarone, 2,2,5-trimethyl-6-tert-butyl-6-hydroxy-
coumarone, and 2,2-dimethyl-5-tert-butyl-6-hydroxy-
coumarone.

It is also possible to incorporate a compound
represented by the general formula

wherein M represents Mg, CA or Zn, 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.
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(E) Pol yners derived from epoxi des Pol yet hyl ene oxi de and pol yner deri ved
from bi sglyci dyl ether. (F) Polyacetal s Pol yoxynet hyl ene, pol yoky@$¥FEK97
and "pol yoxynet hyl ene cont ai ni ng et hyl ene oxide. (G Polyphenykehe oxide (H)

pol ycar bonat e

- 24 -

Examples of the compounds of the above formula are
' MgcAl, (OB),,CO, 4H,O,

HgBAJ,_z(OH)ZOCO3 5820,

MgsAlz(OH)14co3 48,0,

HgloAlz(Olez(CO3)2 4,0,

HgGAlz(OH)IGBPO4 4320:

Ca6A12(OB)16C03 4320:

Zn6A12(03)16C03 4520,

Zn6A12(03)16804 4820.

MgsAlzton)lsso4 4H20, and

MgsAlz(OH)lzco3 3320.

There may also be added an antioxidant having a
2-benzofuranone skeleton, such as 3-phenyl-2-benzofuranone
and 3-phenyl-4,6-di-t-butyl-2-benzofuranone as disclosed
in the specification of Japanese Laid-Open Patent Publica-
tion No. 501,181/1980.

Examples of the light stabilizers include
hydroxybenzophenones such as 2-hydroxy-4-methoxybenzo-
phenone, 2-hydroxy-4-n-octoxybenzophenone, 2,2'-dihy-
droxy-4-methoxybenzophenone and 2,4-dihydroxybenzophenone;
benzotriazoles such as 2-{2'-hydroxy-3'~tert-butyl-5'-
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 salicylate, p-tert-butylphenyl salicylate, 2,4-
di-tert-butylphenyl-3,5~-di~-tert-butyl-4-hydroxybenzoate
and hexadecyl-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 salt and (3,5-di-tert-butyl-4-hydroiybenzyl)-
phosphonic acid monoethyl estei 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-z—ethylphenyl-N'-Z-ethoxypheny;
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oxalic acid diamide; and hindered amine compounds such as
bis(2,2,6,6~-tetramethyl-4-pipéridine)sebacate, poly((6-
(1,1,3,3-tetramethylbutyl)imino)-1,3,5~-triazine-2,4~-diyl
4-(2,2,6,6-tetramethylpiperidyl) imino) hexamethylene] and
a condensation product of dimethyl succinate and 2~(4-

hydroxy-z 2,6,6-tetramethyl-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 acidqd,
lauric acid, myristic acid, palmitic acid, margaric acid,
stearic acid, arachidic acid and behenic acid; metal salts
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 fluoroalkyl-

sulfonic 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, Kevla fibers and superhigh elastic poly-
ethylene fibers; and inorganic or organic powdery,
granular or flaky fillers such as talc, calcium carbonate,
magnesium hydroxide, 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 random copolymers of this invention have
excellent transparency, heat resistance, heat aging
resistance, chemical resistance, solvent resistance,
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derived from al dehydes and phenol s, ﬁa or nel am ne Phenol / fpr mal dehyde i
resin, urealformal dehyde resin, and e énfhe/fornaldehyde r esHr—(O—Arkyd—
resins dielectric properties and mechanical properties, a narrow

and uniform molecular weight distribution, and a narrow
and uniform composition distribution. Accordingly, those
having a low moiecular weight are synthetic waxes and are
useful as candles, impregnating agents for matches, paper
finishing agents, sizes, antioxidants for rubber, water-
proofing agents for cardboards, slow releasing agents for
chemical fertilizers, heat accumulators, binders for
ceramics, paper condensers, electric insulating materials
for electric wires and cables, agents for decelerating
neutrons, fiber finishing aids, water-repellents for
building materials, protecting agents for coatings,
polishing agents, thixotropy imparting agents, core hard-
ening agents for pencils and crayons, carbon ink sub-
strates, electrophotographic toners, lubricants and re-
leasing agents for molding of synthetic resins, resin
coloring agents, hot-melt adhesives, and lubricant
greases. Those having a high molecular weight can be used
in an optical field as optical lenses, optical discs,
optical fibers and windowpanes, in an electrical field as
a water tank for electrical irons, parts of electronic
ovens, base boards for liquid crystal display, base boards
for printed circuit boards, high frequency circuit boards
and transparent electrically conductive sheets or films,
in medical and chemical fields as syringes, pipettes and
animal.'gages, and in other various fields as housings of
measuring instruments, and helmets.

When the copolymers of this invention having a
glass transition temperature (Tg) below 100°c, they can
be used in a field utilizing their shape memory, and as a
vibration controlling material or a tube. Specifically,
they can be used as'joints for ‘irregularly-shaped pipes,
laminating agents for the interior and exterior parts of
pipes and rods, clamping pins for optical fiber con-
nectors, plaster casts, containers, automobile bumpers,
various space eliminating materials, vibration controlling
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materials or sound insulating materials in the form of a
laminate with a metal surface material, and tubes for use
in medical therapy.

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, polypropyl-
ene, polyisobutylene, poly(methylbutene-l), poly(4-methyl-
pentene-1), poly(butene-l), polyisoprene, polybutadiene
and polystyrene, or crosslinked products thereof.

Copolymers of the monomers constituting the
above polymers with each other, such as ethylene/propylene
copolymer, propylene/butene-l copolymer, propylene/isd-
butylene copolymer, styrene/isobutylene copolymer,
styrehe/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, dicyclo-
pentadiene and 5-ethylidene-2-norborne.

Blends, grafted polymers, and block copolymers
of these polymers may also be cited.

(B) Balogen-containing vinyl polymers

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

(C) Polymers derived from alpha,beta-unsaturated

carboxylic acids or the derivatives thereof

Polyacrylate, polymethacrylate, polyacrylamide,
and polyacrylonitrile.

Copolymeré of the monomers constituting the
above-exemplified polymers with other copolymerizable
monomers, such as acrylonitrile/butadiene/styrene co-
polymer, acrylonitrile/styrene copolymer, and acrylo-
nitrile/styrene/acrylate copolymer.’
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(P) Unsaturated polyester resins derived from copol yesters of

unsat urated di carboxylic acids and pol yhydric al cohol s using|vin

conpounds as crosslinking agents, and hal ogen-cont ai ni ng nod
thereof. (Q Natural polynmers Cellul ose, rubber and protein,

t hereof, such as cellul ose acetate, cellul ose propionate, ce

oyl
fled8 FE1997
of derivatives
| ul ose acetate

and cel lul ose ether. Wen the copol yner 28of this invention ate.used as
synthetic waxes, they nty) Pblymersedelrdveidx€don uhseatitased alcohols,

amines, acyl derivatives thereof,
Polyvinyl alcohol, polyvinyl acetate,

or acetals
polyvinyl

stearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl
butyral, polyallyl phthalate and polyallylmelamine.
Copolymers of the monomers constituting the
above-exemplified polymers with other copolymerizable
monomers, such as ethylene/vinyl acetate copolymer.

(E) Polymers derived from epoxides

Polyethylene oxide and polymer derived from

bisglycidyl ether.
(F) Polyacetals

Polyoxymethylene, polyoxyethylene, and polyoxy-

methylene containing ethylene oxide.
(G) Polyphenylene oxide
(H) polycarbonate
(I) Polysulfone
(J) Polyurethahe and urea resins

(K) Polyamides and copolyamides derived from
diamines and dicarboxylic acids and/or
aminocarboxylic acids or the corresponding

lactams

Nylon 6, nylon 66, nylon 1ll, and nyion 12.

(L) Polyamide-polyethers

(M) Polyesters derived from dicarboxylic acids
and dialcohols and/or hydroxycarboxylic
‘acids or the corresponding lactones
Polyethylene terephthalate, polybutylene tere-
~hthalate and poly(l,4~dimethylolcyclohexane terephthal-

ate).

(N) Crosslinked polymers derived from aldehydes

and phenols, urea or melamine

Phenol/formaldehyde resin, urea/formaldehyde

resin, and melamine/formaldehyde resin.
(0) Alkyd resins
Glycerin/phthalic acid resin.
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known waxes. The random copol ynmers of this invention nmay be usg -
with each other. The random copol yner of this invention may be
grafting thereto a nononer selected fromthe group consisting
bet a- unsat urat ed carboxylic acids and/or their derivatives, (b]
(c) organic silicon conpounds having an ol efinic unsaturated bpnd and a
hydr.ol yzabl e group, and (d) unsaturatedagpexy conpounds. The no&H4

Y ot A ned A rasP. FACEL! BBlyUeRAY el ddiaved dorbm
copolyesters of saturated and unsaturated dicarboxylic
acids and polyhydric alcohols using vinyl compounds as
crosslihking agénts; and halogen-containing modified
resins thereof.

(Q) Natural polymers

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 known waxes.

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

The random copolymer of this invention may be
modified by grafting thereto a monomer selected from the
group consisting of (a) alpha, beta-unsaturated carboxylic
acids and/or their derivatives; (b) styrenes, (c) organic
silicon compounds having an olefinic unsaturated bond and
a hydrolyzable group and (d) unsaturated epoxy compounds.
The modified random copolymer obtained has the same excel-
lent properties as the random copolymer of the invention
and also especially good adhesion to metals and synthetic
resins and good compatibility with other resins. The
amount of the grafting monomer in the modified random
copolymer is usually 0.1 to 50 parts by weight, preferably
0.5 to 35% by weight, per 100 parts by weight of the
random copolymer of. the invention. The modified random
copolymer 5:as an intrinsic viscosity {n) of usually 0.03
to 20 dl/g, preferably 0.05 to 5 dl/g.

Examples of the grafting monomer are as follows:~

Examples of the unsaturared carboxylic acids
and their derivatives (a) include unsaturated carboxylic
acids such as acrylic acid, methacrylic acid, alpha-
ethylacrylic acid, maleic acid, fumaric acid, itaconic
acid, citraconic acid, tetrahydrophthalic acid, methyl-
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aane#@i.x-aszcmmilnﬂsatm aueaids;erboxd@c andd metinil -
endocis-bicyclof2.2.1]-hept-5-ene-2,3-dicarboxylic acid
{methylNadic ac1éga. and their halides, amides, imides,
anhydrides and esters. Specific examples of these deriv-
atives are malenyl chloride, maleimide, maleiuc anhydride,
citraconic anhydride, monomethyl maleate and dimethyl
maleate. Of these, the unsaturated dicarboxylic acids or
their anhydrides are preferred. Maleic acid, Nadic acid
or their anhydrides are especially preferred.

- Examples of the styrenes (b) are compounds
represented by the following formula

R21
\\\C- 7
H/

22

wherein RZO' R21 and R

a lower alkyl group. Specific examples are styrene,
alpha-methylstyrene, o-methylstyrene, m-methylstyrene,
p-methylstyrene, m-ethylstyrene, p-ethylstyrene, o-iso-
propylsytrene, m-isopropylstyrene and p-isopropylstyrene.
Of these, styrene, m-methylstyrene and p—methylsﬁyrene are
preferred.

Examples of the organic silicon compound (c)
having an olefinic unsaturated bond and a hydrolyzable
group are compounds represented by the following formula

22 each represent a hydrogen atom or

R;3R2481Y122

23 24

wherein R®” and R®" are identical or different
and each'represents a monovalent group composed
of carbon, hydrogen and opéionally oxygen and
having an olefinically unsaturated bond, and Yl
and Y2 are jdentical or different and each
represents a hydrolyzable group, '
—_—
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as acrylit acid, methacrylic acid, alpha-ethylacrylic acid, mafercactd -
fumaric acid, itaconic acid, citraconic acid, tet- rahydrophthgl %”é@EM?MTSHEET
nmet hyl t et rahydr opht hal i ¢ aci d,

endoci $- bi cycl o[ 2, 2, 1] - hept - 5- ene- 2, 3-di carboxylic acid (Nadic|a¢g %8 FEB 1937
idlerr]), and nethylendocis-bicyclo[2.2.1]-hept-5-ene-2,3-dica bExy I C acl
(met.hyl Nadi ¢ acid[err]), and their hgl'g am des, im des, anhyért+ees—amd
esters. Specific exanples of these der atives are mal enyl chl ¢ri de,

mal ei ni de, ﬁﬁWQQHﬁggﬂﬁgiﬁﬁ%,EBfiP&&Bﬁi OIRHydri de, nnnonethyl{naleate and
di rethyl mal eate. O these, the unsaturated dicarboxylic acids or their
anhydrides are preferred. Maleic aabgylyaQBc acid or their anhydrides are
especially preferred.

Ry

1 2 3

23 , ¥Y° and Y are

wherein R is as defined, and ¥
identical and different and each représents a hydrolyzable_
group, and compounds of the following formula

230 ivly2

R®7XSiY™Y

2

wherein R23, Yl and Y° are as defined above, and

X represents an organic group free from an

olefinic unsaturated bond.

Examples of R23 and R24 are vinyl allyl,
butenyl, cyclohexenyl, cyclopentadienyl, CH,=C(CHj)-
COOO(CH2)3-, CH2=C(CH3)COQ(C52)2-0—(CH2)3-, and
CHZ=C(C53)COOCH20CH2CH(OH)CHZO(CHZ)3-. Of these, the
hydrocarbon groups having a terminal olefinically un-
saturated bond and esters thereof are preferred. The
vinyl group is especially preferred.

Examples of Yl, Y2 and Y3_are alkoxy groups such
as methoxy, ethoxy, butoxy and methoxyethoxy, acyloxy
groups such as formyloxy, acetoxy and propionoxy, oxime
groups such as -ON=C(CH3)2, -ON=CHCH,C,H, and -0N=C(C6H5)2,
and substituted amino groups and arylamino groups such as
-NHCH3, -NHC,H, and -NH(CGH3).

Examples of X in the above formula include
methyl, ethyl, propyl, tetradecyl, octadecyl, phenyl,
benzyl and tolyl. Of these,- amonovalent hydrocarbon groups
are preferred. '

Organic silicon compounds preferably used in
this invention are those of the second formula given
above, particularly those in which the groups Yl, 22
Y3 are identical. Especially preferred are vinyltri-
alkoxysilanes such as vinyltrimethoxysilane, vinyltri-
ethoxysilane, vinyltris(methoxyethbxy)silane, vinylmethyl-

and
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Exanpl es of the styrenes (b) are conpounds represented by the [ehdovitgm—————
formula [err] wherein Rlerr], Rlerr] and Rlerr] each represent| sRERLACEMENMT SHEET
atomor a |lower alkyl group. Specific exanples are styrene,
al pha- et hyl styrene, o-nethylstyrene, mnethylstyrene, p-nethyjst F 1997
m et hyl styrene, p-ethylstyrene, o-iso-pro- pylsytrene, n}lsoprop ?&9 g

and p-isopropyl styrene. O these, styrgpe~ m nethylstyrene and

p-met hyl Styr NG k& S PAKE ' &Ad vinylphenyldimethoxysilane.
The unsaturated epoxy monomers (d) are pre-
ferably monomers having at least one polymerizable un-
saturated bond and at least one epoxy group per molecule.
Examples include unsaturated glycidyl esters represented
by the following general formula

259 N
-C-O—CHZ-CH—-Cﬁz

wherein st represents a hydrocarbon group
having a polymerizable ethylenically unsaturated
bond,
unsaturated glycidyl ethers represented by the general
formula |
25 N
R -Z-CHZ-CH——CH2

wherein st is as defined above, and Z repre-
sents a divalent group of the.formula -CH2—Of or
0=,
and epoxyalkenes represented by he general formula
R26

225_¢
Ak

wherein R25 is as defined, and st represents a
hydrogen atom or a methyl group.

Specific examples of the monomers (4) are
glycidyl acrylate, glycidyl methacrylate, mono~ and
di-glycidyl itaconate, mono-, di- and-triglycidyl butene-
tricarboxylates, mono- and di-glycidyl citraconates, mono-
and di-glycidyl endo-cis-bicyclo(2.2.1]~hept-5-ene-2,3~
carboxylates, mono- and di-glycidyl endo-cis~bicyclo-
[2.2.1)~hept-5~ene-2~-methyl-2,3-dicarboxylates, mono-

-
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Exanpl es of the organic silicon conmpound (c) having én ol ef i pi RERLASBNVENAISBIEET
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bond and a hydrol yzabl e group are conpounds represented by the
formula Rlerr]Rerr]SiY[err]Y[err] wherein Rerr] and R err]|af
or different and each represents a nonoval ent group conposed}o
hydrogen and optionally oxygen and having an ol efinically unga

"2 bR $1

urated. band

and Y[err] and Y[err] are identical or~d3ferent and each represents a

hydrol yzabl e ghufli~-glycidyl allylsuccinates, glycidyl p-styrene

carboxylate, allyl glycidyl ether, 2-methylalkyl

glycidyl

ether, styrene.p-glycidyl ether, 3,4-epoxy-l-butene,
3,4~epoxy-3-methyl-l-butene, 3,4-epoxy-l-pentene, 3,4-
epoxy-3~methyl-l-pentene, 5,6-epoxy-l-hexene, and vinyl-
cyclohexene monoxide. Of these, glycidyl acrylate and

glycidyl methacrylate are preferred.

The modified random copolymer may be produced by
various known methods. For example, the random copolymer
is melted, and the grafting monomer is added and graft-
copolymerized. Alternatively, the random copolymer is

dissolved in a solvent, and the grafting monomer

is added

and graft-copolymerized. In either case, the reaction is
preferably carried out in the presence of a radical in-
itiator in order to perform graft copolymerization ef-
ficiently. The radical initiator may include organic

peroxides, organic peresters and azo compounds.

Ionizing

radiations and ultraviolet light may also be used to

generate radicals.

The modified random copolymer obtained by the
above procedure has excellent heat resistance as shown by
its high glass transition temperature which is cne measure
of heat resistance. Specifically, the modified random
copolymer has a glass transition temperature, measured by
a dynamic modulus analyzer (DMA), of usuélly 20 to 250°C,
in many cases 30 to 220°C. The modified random copolymer
also has a softening temperature of usually 20 to 230°C,
in many cases 30 to 200°C. The softening termperature is
defined as the temperature at which a quartz needle (dia-
meter 0.635 mm) penetrated 0.1 mm into the copolymer under
a load of 49 g when the temperature is elevated at a rate.

of 5°C/min. using TMS (thermomechanical analyzer, a pro-

duct of E. I. du Pont de Nemours & Co.).

The modified copolymer has a density, determined

by the method of ASTM D 1505, of usually 0.95 to
g/cm3, in many cases 0.96 to 1.10 g/cm3.
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conmpounds of the following formula Rlerr]SiY[err]Yerr]Y[err] wherein

is as defined, and Y[err], Y[err] and Y[err] are identilcdl 2BFEB 1997
di fferent and each represents a hydrolyzable group, and compoynds of the
follow ng fornula 23 12 AXSYY

b il WfiVRBNWLIN D Vil

- 34 -

when the random copolymer of this invention is
crosslinked with sulfur or organic peroxides or by actinic
light such as electron beams or radioactive rays, its heat
resistance, chemical resistance, solvent resistance and
mechanical properties can be further improved.

The properties of the cycloolefin random co-
polymers obtained in this invention were measured in
accordance with the following method.

(1) Copolymer composition (mole%)

On the basis of the cycloolefin unit content of
the random copolymer determined by 13C—NMR (200 MHZ), a
calibration curve is prepared between the cycloolefin unit
contéﬁt and the height of the peak of an absorption band
based on the cycloolefin unit determined by infrared _
spectroscopy. The peak height of the absorption band of
‘the infrared absorption spectrum of the random copolymer
is measuréd, and the cycloolefin unit content is calcu-
lated. The ethylene unit content of the random copolymer
is calculated by subtracting the cycloolefin unit content
from the entire units.

(2) Intrinsic viscosity [n])
Measured at 135°C using a Ubbelohde viscometer.
(3) Glass transition temperature (Tg)

Measured by a Dynamic Mechanical Analyzer (DMA,
made by E. I. du Pont de Nemours & Co.).

(4) Crystallinity
Determined by X-ray diffractometry.
(5) Volatile component (VM)

A weight change was measured under the condi-
tions of 300°C, 1l torr and 1 hour.
(6) Content of the unreacted cycloolefin

The polymer was dissolved in cyclohexane, and
the amount of the unreacted cycloolefin was measured by
gas chromatography.
(7) Molecular weight distribution

The molecular weight distribution (Mw/Mn) is

_
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wherein Rferr], Y[err] and Y[err] are as defined above, and X r=presents an
organirc group free froman ol efinic unsaturated bond. Exanpl es pf Fb?f?k8‘997

and R[err] are vinyl allyl, butenyl, cyclohexenyl, cycl opentadijf

CHerr]=C(CHerr])COOO(CH err])[err]-,
CHerr]=C(CHerr])COO(CH err])[err]-&@CH-err])[err]-, and

CH err] =¢( Oﬂﬂéﬂﬂﬁ@{ﬁreﬂx@runbb@ﬂ@ohba@ﬂﬁ r{fddEsrddndervith The

these t he hydroc

roce ure described at pages 14-~114 of "Gel Permeation
chromatography” -by Takeuchi, published on May 20, 1976 by
Maruzen Co., Ltd., Tokyo.

(1) Using standard polystyrene of a known
molecular-weight (mono-dispersed polyséyrene, a product of
Toyo Soda Mfg. Co., Ltd., Japan), the molecular weight M
of the polystyrene sample and its GPC (gel permeation
chromatography) count are measured. A calibration curve
for the molecular weight M and the EV (elution volume) is
drawn. The concentration of the polymer at this time is
set at 0.02% by weight.

(2) A gel permeation chromatogram of the sample
is taken by the GPC measuring method, and the number

average molecular weight (Mn z?;fl) and the weight

2
average molecular weight (Mw = %%%ﬁ%i) are calculated for

copolymer by (1) above, and the value (Mw/Mn) is deter-
mined. .

The sample is prepared under the following
conditions, and the conditions for GPC are as shown below.

Preparation of the sample
{a) The sample is taken into an Erlenmeyer flask

together with o-dichlorobenzene so as to provide a 0.02%
solution.

(b) Into the Erlenmeyer flask containing the
sample is added 0.1% by weight, based on the polymer
solution, of 2,6-di-tert.-butyl-p-cresol as an anti-
oxidant. '

(c) The Erlenmeyer is heated to 140°C, and the
contents are stirred for about 30 minutes to dissolve the
polymer and the antioxidant.

(d) Then, at 135 to 140°C, the solution is
filtered by a 1n Millipoere filter.

(e) The filtrate is subjected to gel permeation

chromatography.
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- 12 - bon groups having a term nal ol efinically unsaturated boh
esters thereof are preferred. The vinyl group is espe- cially p+ erred.
Exanples of Y[err], Y[err] and Y[err] are al koxy groups such as tﬁékyEB'pp7

et hoxy, butoxy and net hoxyet hoxy, acyl oxy groups such as fornyljoqdy, acetoxy
and propi onoxy, oxine groups such as -ON=C(CH err])[err],
-ON=CHCH err]Clerr]H err] and -ON=C - 36 -
Conditions for gel permeation chromatography
(a) Device: Model 150C, made by Waters Company
{b) Column: TSK~-GMH6 (mix type) made by Toyo
Soda Mfg. Co., Ltd. :
(¢) Amount of the sample: 500 ul
(d) Temperature: 140°¢
(e) Flow rate: 1 ml/min.
(£) Total theoretical stages of the column;
1 x 104 to 4 x 104 (measured with acetone)
The following examples illustrate the present
invention more specifically.
EXAMPLE 1
_ Ethylene and 1,4,5,8-dimethano-1,2,3,4,42,5,8,8a-
octahydronaphthalene [Table 1, (a); abbreviated as Dﬂoﬁ] '
were copolymerized in a 2-liter polymerization reactor -
equipped with agitating blades.
The polymerization reactor was contznuously
charged at its top with a cyclohexane solution of DMON at
a rate of 0.4 liter/hour so as to provide a DMON concen-
tration of 60 g/liter in the polymerization reactor, a
cyclohexane solution of VO(OCZHS)C].2 as a catalyst at a
rate of 0.7 liter/hour so as to provide a vanadium concen-
tration of 0.7 mmole/liter in the polymerization reactor
(the concentration of vanadium fed at this time was 2.86
times: that in the polymerization reactor), a cyclohexane
solution of ethyl aluminum sesguichloride as a catalyst at
a rate of 0.4 liters/hour so as to provide an aluminum
concentration of 5.6 mmoles/liter in the polymerization
reactor, and 0.5 liters/hr of cyc;ohéxane. In the mean-
time, the polymerization mixture in the polymerization
reactor was withdrawn continuously from the bottom of the
polymerization reactor so that the amount of the poly-
merization mixture in the reactor was always kept at
1 liter. Furthermore, 80 liters/hr of ethylene, 80
liters/hr of nitrogen and 0.2 liter/hr of hydrogen were

fed from the top of the polymerization reactor. The
—
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(Jerr]Herr])[err], and substituted am no groups and aryl am nofg oups such
as -NHCH err], -NH( err]H err] and -NH(C6H3). Exanples of X in jhg 28 FEB 1997
formula i nclude nmethyl, ethyl, propyl, tetradecyl, octadecyl, phehyl,

benzyl and tolyl. O these, nonoval ent hydrocarbon groups are pfererred.
Organic silicon conpounds preferably W&kdin this invention arelthase of

t he second éopayyﬁegiyaaiabowes[uuuﬁﬂbdlbuthtthmge by edrcblabéngraups

oyl i o RosgERg AeS R, 2B, A A KR SRR Mg e RS P FROR Bt 1 ane.

vinyltris(neionxgft bbeyyeacsos,. vidsylaratasudlt cofoklysi copel ymer vzayiphe- ‘
reaction under the above conditions, a polymerization
reaction mixture containing the ethylene/DMON random
copolymer was obtained. A mixture of cyclohexane and
isopropanol (l:1) was added to the polymer solution
with drawn from the bottom of the polymerization reactor to
stop the polymerization reactor. Thereafter, an agqueous
solution composed of 1 liter of water and 5 ml of concen-
trated hydrochloric acid and the polymer solution were
contacted at a ratio of 1:1 with strong stirring by a
homomixer to transfer the catalyst residue to the agqueous
layer. The mixture was left to stand, and the water layer-
was removed. The residue was washed twice with distilled
water to purify and separate the polymer solution. The
polymer solution was contacted with 3 times its amount of
acetone with strong stirring, and the solid portion was
collected by filtration and fully washed with acetone.
Thereafter, the resulting solid portion was put into
acetone in a concentration of 40 g/liter, and reacted at
60°C for 2 hours. The solid portion was then collected by
filtration, and dried in a stream of nitrogen at 130° and
350 mmHg for 24 hours. '

By the above procedure, the ethylene/DMON co-
polymer was obtained at a rate of 94 g/hr. The copolymer
bad an ethylene content of 61.3 mole$, an intrinsic vis-
cosity of 0.85, an Mw/Mn, determined by GPC, of 2.50, a
crystallinity, determinea by X-ray diffractometry, of 0%,
and a glass transition temperature (Tg) of 143°%. The
copolymer contained 0.4% by wéight of volatile comonents
and 0.13% by weight of the unreacted monomers.

EXAMPLES 2-14
, Example 1 was repeated except that the copoly-
merization conditions indicated in Table 2 were used.
The properties of the resulting copolymers are shown in
Table 3.

\
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formula [err] wherein R 4rid]

Exanpl es i ncl ude unsaturated gl ycijd

auateyzydeu

~oapiye3do-eg gl gley’y g’z T-ouey3auTp-g gy’ 5 (e)

auateyjydeuoapiy .
~EIdo-eglglsiey’yielei T-oueyloutp-g sty T-1huRe-z . 1 (Q)
| . H*D

The unsaturated epoxy nononers (d) are pre:f GEHLAOEMENi‘ SHEET
nol ecul e.

| east one pol yneri zabl e unsaturated bond and rat

ur3arooI124)

represented by the foll ow ng general
represents a hydrocarbon group

one epoxy group per

nyl di met foxysi | ane.
nononer s havi ng at

T o1qey,

i




havi ng a pol yneri zabl e ethyl enically unsaturated bond, unsaturat e(BEQLAGBMmIT SH?E
ethers represented by the general formula [err] V\/nereln Rierr] ifs[az -
defined above, and Z represents a divalent group of the formulaj-
or and epoxyal kenes represented by he general fornula [err]

- 39 -
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mherein Rlerr] is as defined, and Rlerr] represents a hydroge .Qr
met hyl group. Specific exanples of the nononers (d) are glyci REMCIM@N‘P SHEET
gl ycidyl methacrylate, nono-and di-glycidyl itaconate, nono-,

’] |

and-triglycidyl butene-tricarboxylates, nono- and di-glycidyl c L ?E%e
nono- and di -gl yci dyl endo-cis- bicyclo[2.2.1]-hept-5-ene-2, 3-fa}b gﬁ§
mono- and di-gl ycidyl endo-cis-bicyclo-[2.2. %& hept - 5- ene- 2- npt ayl=2, 3. di -

car boxyl at es, .nono-and di-glycidyl allylsuCcfnates, glycidyl

p- styrene-carboxyl ate, allyl glycidyl ether; 2- nethylalkyl gl yerdyt—etirerr— - -
styrene p-glycidyl ether, 3,4-epoxy-1-butene, 3, 4-epoxy-3-nethyl-1-butene,-

3, 4- epoxy- 1- pent ene,

-
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3, 4- 3, 4- époxy- 3-net hyl - 1- pent ene, 5, 6- epoxy- 1-hexene, and viny e G Em
nonoxi de. O these, glycidyl acrylate and glycidyl nethacryl at }

preferred. The nodified random copol ynmer maybe produced by vari
met hods. For exanple, the random copolymer is nelted, and the
nononer i s added and graft-copol ynerized. Alternatively, the r
copolyner is dissolved in a solvent, -add the grafti ng nononer
graft-copolynerized. In either casegxAmMpygEasgion is preferam
in the presence of a radical n order erform

t af t
copol yneri zati on ef fi cPEAPRy2 Igﬁé ggrgﬁaqqﬂqqkﬁqﬁfazatxon réactor

equipped with agitating blades, ethylene and 2-methyl-
l1,4,5,8~dimethano-1,2,3,4,4a,5,8,8a-octahydronaphtahlene
(to be abbreviated as M-DMON; (d) of Table 1 were co-
polymerized continuously. .

Specifically, the reactor was charged at its
top with 0.9 liter/hr of a toluene solution of M-DMON
so as to provide an M-DMON concentration in the reactor
of 60 g/liter, 0.7 liter/hr of a toluene solution of
VO(OCZHS)Clz as a catalyst so as to provide a vanadium
concentration in the reactor of 0.5 mmole/liter, and 0.4
liter/hr of a toluene solution of ethyl aluminum sesqui-
chloride as a catalyst so as to provide an aluminum con-
centration in the reactor of 2 mmoles/liter. In the
meantime, the polymer solution was continuously withdrawn
from the bottom of the reactor so that the amount of the
polymer solution in the reactor was maintained always at
l liter., Furthermore, 35 liters/hr of ethylene and 80
liters/hr of nitrogen were fed from the top of the re-
actor. The copolymerization reaction was carried out at
10%¢ by circulating a cooling medium through a jacket
.fitted to the outside of the reactor. As a result of
performing the copolymerization under the aforesaid con-
ditions, a polymerization reaction mixture containing an
ethylene/M-DMON random copolymer was obtained. A small
amount of methanol was added to the polymer solution
withdrawn from the bottom of the reactor to stop the
copolymerization reaction. The polymer solution was then
put into a large amount of acetone/methanol to precipitate
the resulting copolymer. The copolymer was fully washed
with acetone and dried under reduced pressure for one day
at 80°c. By the above operation, the ethylene/M-DMON
random copolymer was obtained at a rate of 60 g/hour.

The copolymer was found to have an ethylene
content of 63 molet. The copolymer had an intrinsic

-
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may incluae organi ¢ peroxi des, organic peresters and azo conpgu
I oni zi*ng radi ations and ultraviolet |ight nmay al so be used tolg
radi cal s. The nodifi ed random copol ymer obtai ned by the above]pfocedure has
n
[

excel | ent heat resistance as shown by its high glass transiti¢n t PPFEE W97
which is one neasure of heat resistance. Specifically, the no '1ied random
copol yner usually has a glass transition tenperature, neasured by—abymame
Mechani cal Anal yzer (DMA), of 20 to 250C, In many cases 30 to 220[err]C

HERACEMENT SHEET

i
<

~The nodi fied random copol ynmer al so usugbly has a softenlng tenperature of

20 to 230[er£Lc051ty, measured in decalin at 135 °c, of 0.92, an

iodine number of 1.0, a crystallinity, determined by X-ray
Aiffractometry,,of 0%, and a transparency, determined by a
haze meter on a 1 mm sheet sample in accordance with ASTM
D 1003~52, of 3.1%. .

The glass transition temperaéure Tg of the
copolymer, determined from the peak temperature of the
loss modulus E" which was measured at a temperature eleva-
tion rate of 5°C/min. by a dynamic mechanizal analyzer was
127%. 1ts meltihg point Tm was measured within a tem-
perature range of -120 to 400 °c by DSC (Du Pont 990 type)
at a temperature elevation rate of 10 C/mln ). No melting
curve (peak) was observed.

EXAMPLES 16-24 AND COMPARATIVE EXAMPLE 1

Example 15 was repeated except that the copoly-
merization conditions shown in Tables 4 and 5 were used.
The properties of the resulting copolymers are shown in
Table 5. In Example 22, a 1:1 mixture of toluene and
cyclohexane was used as the polymerization solvent.
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In many cases 30 to 200C. The softening ternperature is defi Weﬁlgﬁ_A
tenperature at which aquartz needle (dianeter - 13 - 0.63p pm hEﬁENT SHEET
penetrates 0.1 mminto the copolynmer under a |oad of 49 g whgnjthe
tenperature is elevated at a rate of 28 FEB 1997
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S5[err] C/ min.
Pont de Nenours & Co.).

using TVMS (thernonmechani cal

determ ned by the nethod of ASTM D 1505,
cases 0.96 to 1.10 g/cnferr].

resi st ance,
I mproved.

anal yzer,

The nodi fied copol yner
of 0.95 to 1.20 g/c

When the random copol yner of t
I's crosslinked with sulfur or organic peroxides or by actini
el ectron beans or

a product
usual ly has a

of E.l. du

density,

e R et

I ght such as

radi oactive rays, its heat resistance, chepmicaR8 FEB W97
sol.vent resistance and nechani cal properties can further
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The properties of the cycloolefin random copol yners obt ai ned a—this

i nvention were neasured in accordance with the follow ng net oHaH@&ﬁMENTEﬂEET

Copol ynmer conposition (nole% On the basis of the cycl ool efi N T COMremnt

of the random copol yner deternined by 13[err]-NWR (200 M), |a cg Il}r[ﬁgw

curve is prepared between the cycloolg in unlt content and thegh %

t he peak of an absorption band based R cycloolefin unitjd

i nfrared spectroscopy. The peak heﬁéﬁﬁ &@1: absorption ban
Using a 2-liter polymerization reactor

with agitating blades, ethylene and 6-ethylbicyclo[2.2.1]-
hept-2-ene ((f)'of Table 6; to be abbreviated as MBH)
were continuously copolymerized.

Specifically, the reactor was continuously
charged at its top with 0.9 liter/hr of a toluene solution
of MBH so as to provide an MBH concentration in the re-
actor of 60 g/liter, 0.7 liter/hr of a toluene solution of
VO(OC2H5)C12 as a solution so as to provide a vanadium
concentration in the reactor of 1 mmole/liter (at this
time, the concentration of vanadium fed was 2.86 times its
concentration in the reactor), and a cyclohexane solution
of ethyl aluminum sesquichloride as a catalyst to provide
an aluminum concentration in the reactor of 4 mmoles/
liter. 1In the meantime, the polymer solution was con- |
tinuously withdrawn from the bottom of the reactor so that
the amount of the polymer solution in the reactor was
always maintained at 1 liter. Furthermore, from the top
of the reactor, 40 liters/hr of ethylene and 80 liters/hr
of nitrogen were fed. The copolymerization was carried
out at 10°c by circulating a cooling medium through a
jacket fitted to the outside of the reactor. As a result
of performing the copolymerization reaction under the
above conditions, a polymerization reaction mixture con-
taining an ethylene/MBH random copolymer was obtained. A
small amount of.methanol was added to the polymer solution
withdrawn from the bottom of the reactor to stop the
polymerization. The polymer solution was put int~ a large
amount of acetone/methanol to precipitate the resulting
copolymer. The copolymer was fully washed with acetone,
and dried under reduced pressure at 80°C for one day. By
the above operation, the ethylene/MBH random copolymer was
obtained at a rate of 50 g/hr. _

The copolymer had an ethylene content of 62
molet%, an intrinsic viscoéity, measured in decalin at

of the
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I nfrared ébsorption spectrum of the random copol ynmer i s neasure ,BQPMCEHMT"SHEE'
cyclodlefin unit content is calculated. The ethylene unit contept{of the

random copol yner is cal cul ated by subtracting the cycl ool efi n uhi qupggtnm7
fromthe entire units. (2) Intrinsic viscosity [[err]] Measured
135[err] C using a Ubbel ohde visconeter. (3) dass transition tgnperature

(Tg) -~ 46 -~
135°C, of 1.79, an iodine number of 0.9, a crystallinity,

determined by X-ray diffractometry, of 0%, a transparency,
meaused as in Example 15, of 3.4%, and a glass .transition
temperature (Tg) of 100°%. The melting point Tm of the
copolymer was measured as in Example 15, but no melting
curve (peak) was observed. .
EXAMPLES 26~32 AND COMPARATIVE EXAMPLES 2-3

Example 25 was repeated except that the copoly-
merization conditions shown in Table 7 were used. The
properties of the resulting copolymers are shown in Table
8.

COMPARATIVE EXAMPLE 4

A fully agitated 500 ml separable flask was
fitted with agitating vanes, a gas blowing tube, a thermo-
meter and a dropping funnel, and fully purged with o
nitrogen. Toluene (250 ml) dehydrated and dried by mol~-
ecular sieves was put into the flask. Under a nitrogen
stream, the flask was charged with 7.5 g of a cycloolefin
(f) in Table 6 and 1 mmole of ethyl aluminum sésqui—
chloride, and 0.25 millimole of VO(OC,H;)Cl, was added
to the dropping funnel.

A gaseous mixture composed of 10 liters/hr of
ethylene and 40 liters/hr of nitrogen was passed via the
gas blowing tube through the flask kept at 10° for 10
minutes. VO(OCZHS)CJ.2 was added dropwise from the drop-
Ping funnel, and the copolymerization was started. While
the gaseous mixture was passed, the copolymerization
reaction was carried out batchwise at 10°C for 30 minutes.
Methanol (5 ml) was then added to ;he polymer solution to
stop the copolymerization reaction. The polymer solution
was then put into a large amount of methanol/acetone to
precipitate the copolymer. The copolymer was washed with
acetone, and dried under reduced pressure at 80°C for one
day. By the above operation, 5.4 g of copolymer was
obtained. The properties of the copolymers were measured
as in Example 25, and the results are shown in Table 9.
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Measured by a Dynam c Mechani cal Analyzer (DVA, nmade by E.I. duf Reppia mﬁm SHEE]
Nemours & Co.). (4) Crystallinity Determ ned by X-ray diffract opefy

Vol ati |l e conmponent (VM A wei ght change was neasured under the Eo di ti ons
of 300C, 1 torr and 1 hour. (6) Content of the unreacted cyclo i 28 FEB 1997
- 47 -

COMPARATIVE EXAMPLES 5-9
Comparative Example 4 was repeated except that
the copolymerization conditions shown in Table 9 were
used. The propérties of the resulting copolymers are
shown in Table 9.
Table 6

Cycloolefin

CHg
(£) [:EJ’ 6-ethylbicyclo[2,2,1]hept~2-ene

(g) 6-methylbicyclo[2,2,1]hept~-2-ene

(i) bicyclo[2,2,1]hept-3~ene

(h) @U tricyclo(4,3,0,1277)-3-decene
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09

in accordance with the pro- cedure describe
Lt d.

Per meati on chromat ogr aphy
Tokyo

1976 by Maruzen Co.,

" Gel

di stribution The nol ecul ar wei ght distribution (Mv M)

cycl ool efin was neasured by gas chromat ography.

The pol yner was di ssol ved in cycl ohexane,

fol |l owi ng manner
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(1) Using “st andar d pol ystyrene of a known nol ecul ar - wei ght (nong—ei-spersed

rREPEACEMENT SHEET

pol ystyrene, . a product of Toyo Soda Mg. Co., Ltd.
wei ght M of the polystyrene sanple and its GPC (gel

t ography) count are neasured. A calibration curve for the nol edquljar
I's drawn. The concentration of tHe p
perrreatlon chr ol

M and the EV (el ution vol une)

this time is set at 0.02%by weight. (2) A gel

Japan),
per neati on

th

the sanple is taken by the GPC neasuring nettod® and the nunbe

nol ecul ar wei ght (MWh =
[err] ) are calculated for copol yner
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by (1), above, and the value (Mv M) is determ ned. The sanple is prepared
under the fol | ow ng conditions, and the conditions for GPC are
bel ow. Preparation of the sarrpl e (a) The sanple is taken into anf REPLACEMENT SHEE
Erl enneyer f| askt oget herwi t h o-di chl orobenzene soas to provide a
0. 02%ol ution. (b) Into the Erlenneyer flask containing the sa
0. 1% by wei ght, based on the polyner solution, of
2,6-di-tert.-butyl-p-cresol as an anti oxi-danf. 50
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(c) The Erlenmeyer is heated to 140[err]C, and the contents ERE! EE EfeNT SHEET

about 30 m nutes to dissolve the polyner and the anti oxi dant.
135 to 140[err]C, the solution Is filtered by a 1[err] MIIlippefe filter,
(e) The filtrate is subjected to gel permeation chromatography.| C@8iFEB.WS7
for gel perneation chromatography (a) Device: Mdel 150C, nad y Waters
Conpany .
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(d) Tenperature: 140[err]C (e) Flowrate: 1 m/mn. (f) Tota ;hﬂigéﬁ@
stages of the colum; 1 x 10[err] to 4 x 10[err] (neasured wt
The foll owi ng Exanples further illustrate the present invent}oph. EXAMPL

28 FEB 1997
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EXAMPLE 33

Fifty grams of the ethylene/DMON random co-
polymer (A) obtained in Example 1 was dissolved in 500 ml
of xylene at 125°C in a nitrogen atmosphere in a galss
reactor. Then, a xylenee soilution of maleic anhydride
(abbreviafted as MAH) (12 g/30 ml) and a-xyléne solution
of dicumyl peroxide (abbreviated as DCP) (0.27 g/30 ml)
were fed gradually over a period of 4 hours from separate
lines into the reactor.

Since MAH had low solubilty in xylene, it was
dissolved by heating with an infrared lamp, and the
heating was continued until its feeding was terminated.

After the feeding, the reaction was continued
for 2 hours, and after the reaction, the reaction solution
was cooled to room temperature. The reaction solution _
was put into a large amount of acetone to precipitate the
polymer. The resulting grafted ethylene/DMON copolymer
was filtered, repeatedly washed with acetone, and dried
under reduced pressure at 80°¢ for 1 day to give the
desired MAH-grafted ethylene/DMON copolymer. The amount
of MAH grafted, measured by oxygen analysis of the modi-
fied copolymer was 1.13 by weight. The modified copolymer
had an intrinsic viscosity, measured in decalin at 135%%,
of 0.86 dl/g, a density, determined in accordance with ASTM
D 1505, of 1.025 g/cm3, a glass transition temperature
(Tg) of 145°C.

EXAMPLES 34-36

Example 33 was repeated except that 50 g of each
of the cycloolefin random copoljmers indicated in Table 10
was used instead of the ethylene/DﬁON random copolymer,
and the grafting conditions were changed as in Table 10.
The results are shown in Table 1ll. |

_
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Et hyl ene* and 1, 4, 5, 8-di net hano-1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr onapht.hal ene

[ Tabke 1, (a); abbreviated as DMON] were copol ynerized in a 3- REPEACEMENT SHEET
pol ynmeri zati on reactor equipped with agitating blades. The pdl -z attomr—
reactor was continuously charged at its top with a cycl ohexane SO|§H%%QJ§$
DMON at -a rate of 0.4 liter/hour so as to provide a DMON conde t r &Bi 7
60 g/liter in the polynerization reactor, a cycl ohexane sol uty dn_of

VO OCJerr]Herr])d[err] as a catal_ygg at arate of 0.7 literf hour so as to
provi de a vanadi um concentration of 4 Tmole/liter in the p ' '
reactor (the concentration of van at this tine was 2.86 tines that
I n the pol ynmgrdizatian :

Example { Random copolymer Grafting conditions
MAH DCP
(g/30 ml) (g/30 ml)
34 A 12 0.27
35 B L ]
36 C " "
A: Obtained in Example 1,
B: obtained in Example 4, and
C: obtained in Example 25.
Table 11
Example Properties of the modified copolymer
Amount [n] Tg Densigy
of MAH (by DMA (g/cm™)
grafted method)
(wt.%)
34 1.13 0.86 145 1.025
35 1.23 0.86 149 1.023
36 1.27 1.83 102 0.978

EXAMPLES 37-39 _

Example 33 was repeated except that the random
copolymer, grafting monc=er and the radical initiator were
changed as shown in Table 12. The results are shown in
Table 13.
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reactor)s a cycl ohexane solution of ethyl alum num sesquichl g, .
catalkyst at a rate of 0.4 liters/hour so as to provide an al|luREPURCEMENT SHEET
concentration of 5.6 nmoles/liter in the polynerization readt

liters/hr of cyclohexane. In the nean-tine, the polynerizatijo
the potynerization reactorwaswi thdrawn continuously from the Hot 28nFEB W
pol yneri zation reactor so that the anmpunt of the polynerizat)qn_nmxture in
the reactor was always kept at 1 liter Furthernore, 80 literfs/hr of
ethylene, 80 liters/hr of nitrogen and56.2 liter/hr of hydr
fromthe top of the polynerization Tabteof2 The copol yneri zati on was
carried out at_10[err]C by circulating a cooling nediuminto a jacket

mxture in

Example | Random Amount Grafting Amount | DCP
copolymer {(g) monomer (g) (g9)
37 A 50 a- 20 0.33
38 D " b 16 0.34
39 E - c 10 0.27

A: Obtained in Example 1,

D: obtained in Example 2, and

E: obtained in Example 3 -
a: vinyl-tri-ethoxy silane

b: styrene

C: glycidyl methacrylate

Table 13
Example Properties of the modified copolymer
Amount [n] Tg Densigy
of grated (by DMA (g/cm”)
monomer method)
(wt.%)
37 0.25 0.87 144 1.026
38 1.34 0.86 138 1.021
39 1.13 0.85 142 1.023
_—
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fitted to the exterior portion of the reactor.

A mxture o

As a result of t'ﬂEPLACEMENT SHEET

copokyneri | reaction under the above conditions, a polymgrigeaton
reaction m TMre contai e et hyl ene/ DMON r andom copol yner wgs ggtétaeﬁw
I r

solution w

m” nd i sopropanol (1:1) was added to |tHe
bottom of the polynerization readtdr_t0 stop
t he polynerlzatloﬁ réac@ort Thereafter,

liter of water and 5 i of concentrated hydrochl ori ¢ aci d and ‘t-he—petyrer————

solution were contacted at a ratio of58:4 with strong stirring by a
honom xer to transfer the catalyst égﬁig ge to the aqueous layer. The

m xture was left to stand, and the

l.

| ayer was renoved.
A random copolymer characterized in that

(A) the copolymer comprises polymerized units of

ethylene and polymerized units of at least one cycloolefin
represented by the following formula (I)

- (1)

wherein Rl, Rz, R3, R4, Rs, RG, R7 and R8 are
identical or different and each represents a
hydrogan atom, halogen atom or a hydrocarbon group

9 and Rlo are

having 1 to 10 carbon atoms, and R
identical or different and each represents a

hydrogen atom, a halogen atom or a hydrocarbon
2 angd Rlo

are bonded to each other to form a group of the

group having 1 to 10 carbon atoms or R

following formula

RTINS

(R - C~-R
\/

11

2

in which R and R12 are identical or different

and each represents a hydrogen atom, a halogen

. atom or a hydrocarbon group having 1 to 10 carbon
'atoms! and & is an integer of 3 or 4, and n is 0
"oor }'positiVe integer of 1 to 3

(B) the mole ratio of the polymerized cycloolefin

units to the polymenized ethylene units is from 3:97 to

60: 40,

This Sheet Has Been Rep
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an aqueous sol ution cgnmposed of 1




The residue was washed—t+wce with distilled water to purify WL}EB@EPW%HEH
t he pol yner sol ut | ymer sol ution was contacted W | h . Seliiiies—-t-5——
anount of a W{M\\W\\mg stirring, and the solid portipn}was coll%% ed
byfiltrat| swashed with acetone. Thereafter, th¢ {elB Fi

solid portlon mas put into acetone in a concentration of 40194 liter, and
reacted at 60[err]C for 2 hours. The solid portion was thenjcollected by
filtration, and dried in a stream of-ng¥regen at 130C and 33%Q_umHg.for-24
hours. By the above p g%é;ﬂﬁﬁhﬁ%ﬁth cfggigng Sgpgl¥ &awqi)obtalned at

a rate of 94 g/hr.
incorporated in the polymer chain as polymerized units

represented by the following formula (II)

O

%4

-=-= (I1II)

wherein all symbols are as defined above,.

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

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

. (F) the copolymer has a crystallinity, measured by
X-ray diffractometry, of 0 to 10%.
2. A random compolymer according to claim 1 wherein
the or each cycloolefin is a compound of formula (I) in
which n is 0.

3. A random copolymer according to claim 2 which has
a glgss transition temperature (Tg) of 10 to 130°%.
4. j: A random copolymer according to claim 2 or 3

wherein.the mole ratio (B) of the polymerized cycloolefin
units to the polymerized ethylene units is from 10:90 to
60:40. '

5. A random copolymer according to claim 1 wherein
the or each cycloolefin is a compound of formula (I) in
which -n is a positive integer of 1 to 3. _

6. " A random copolymer according to claim 5 which has

a glass transition temperature (Tg) of 10 to 240°¢.
7. A process for producing a random copolymer as

defined in any one of the preceding claims, which process
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et hyl ene*» content of 61.3 nole% an intrinsic viscosity of O. 8§EPQHENMWWMSHEET
deterkm ned by GPC, of 2.50, a crystallinity, determ ned by X-r
diffractoneLLyL_gﬁ_gﬁgzgﬁg_gmglass transition tenperature (79) g& : Bhe
copol ymer contained O i ght of volatile conmonents andq Q. 1 &hﬁ&ﬁﬂ9
wei ght of t”mu mnm" mers. EXAMPLES 2- 14 Exanple 1 wds {Lepeated
except that tion conditions indicated in Ta Ie 2 were used.

The properties f 't hd resu#tlng copol ymers are shown in Table

- 58 -~
comprises continuously copolymerizing ethylene with the or
each cycloolefin represented by formula (I) in a hydrocarbon
medium in the presence of a catalyst formed from a soluble
vanadium compound and an organo—-aluminum compound while
maintaining the atomic ratio of aluminum atoms to vanadium
atoms in the reaction system, Al:V, at 2 or more:l.
8. A process according to claim 7 wherein the soluble
vanadium compound is added to the reaction system in a
concentration not more than 10 times its existing
concentration in the reaction system in order to maintain
the atomic ratio Al:V at 2 or more:l.
9. A process for preparing a modified random
copolyﬁer, which process comprises grafting on to a random
copolymer as defined in any one of claims 1 to 6 0.1 to 50
parts by weight of a monomer selected from (a) alpha,
beta-unsaturated carboxylic acids and/or their derivatives,
(b) styrenes, (c) organic silicon compounds having an
olefinically unsaturated bond and a hydrolyzable group, and
(d) unsaturated epoxy monomers per 100 parts by weight of
the said random copolymer.
10. A process according to claim 9 which has an
intrinsic viscosity, measured in decalin at 135°C, of 0.03
to 20 dl/qg.
11. - = Molded articles prepared from a random copolymer
as defined in any one of claims 1 to 6 or from a modified
random copolymer prepared by a process as claimed in claim 9
to 10.
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ABSTRACT

NOVEL RANDOM COPOLYMER, AND PROCESS FOR PRODUCTION THEREOF

A random copolymer is characterized in that (A)
the copolymer comprises polymerized ethylene units and
polymerized units of at least one cycloolefin, (B) the mole

- ratio of the polymerized cycloolefin units to the

polymerized ethylene units is from 3:97 to 60:40, (C) the
cycloolefin is incorporated in the polymer chain without
ring opening, (D) the copolymer has an intrinsic viscosity
of 0.01 to 20 dl/g, (E) the copolymer has a molecular weight

distribution (Mw/Mn) of not more than 4, and (F) the

copolymer has a crystallinity of 0 to 10%. A monomer
selected from (a) alpha, beta-unsaturated carboxylic écids '
and/or their derivatives, (b) styrenes, (c) organic silicon
compounds having an olefinically unsaturated bond and a
hydrolyzable group, or (d) unsaturated epoxy monomers may be
grafted on to the random copolymer. The random copolymer is
produced by continuously copolymerizing ethylene with at
least one cycloolefin in a hydrocarbon medium in the
presence of a catalyst formed from a soluble vanadium
compound and an organoaluminum compound while maintaining
the atomic ratio of aluminum atoms to vanadium atoms in the

reaction-system, Al:V at 2 or more:l.
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RANDOM COPOLYMER AND PROCESS FOR PRODUCTION THEREOF

Dascription

This invantion ralales to a novol randam copalymor comprising at loast palymarized unils Irom ethylone and po-
lymarized unita from a cyclaalofin as menomars, and a procass for production theraof. Mora spacifically, it rolatos to
a cycloolafin typo random copolymar having oxcellant ransparancy, thormal resistance, heat aging rasistance, cham-
ical rasistanco, solvent resistance, dialectric propertias and machanical propertias and a narrow molecular woight
distribution.

Polycarbenate, poly(mothyl methacrylate) and paly(sthylena lerephthalate) are known as synthelic rasins having
excellant lrafisparency. The polycarbonato resin has excellent heat resistance, heat aging resistance and impact
strength as well as excellent transparency, but have the defect of pcor chemical resistance sinca it is readily attacked
by streng atkalis. Poly{methyl methacrylate) has the defect that it is susceptible 1o altack by ethyl acetate, acetone and
toluene, is swollen in ether, and has low heal resistance. Polyethylene terephthalate has excellent heat resistancs and
mechanical properties but has the defect of possessing weak resistance to strong acids or alkalis and ol being sus-
ceplible to hydrolysis.

Many polyolefins well known as general-purpose resins have excellent chemical resistance, solvent reslslance
and mechanical properties, but have pcor heat rasistance. Furthermore, they have poor transparency because they
arg crystalline. The transparency of polyolefins is generally improved by adding a nucleating agent lo render the crystal
structure fine, or by performing quenching to stop the grawth of crystals, but such measures have not proved ta 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 comenomers. 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. 14,910/1971 discloses a process for preducing a homo- or co-polymer having
polymerized units represented by the following formula (a)

._ -
- N

e (a)

. R

N J
wherein R is hydrogen or a lower alkyi group, which comprises polymerizing a 1,4,5,8-dimethano-1,2,3,4,42,5,8,8a-
octahydronaphthalene represented by the following lormula (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 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-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene as part or the
whole of monomers and methods for production thereof are also disclosed in Japamese Laid-Open Patent Pubtications
Nos. 159,598/1975, 127,728/1983, 51,911/1984, 81,315/1984 and 81,316/1984 and U. S. Patent 4,178,424,

The palymers disclosed in these prior art documents are ring-opened polymers having polymerized units resulting
from ring-opening of monomers as in the polymerized unils represented by formula (a): As can be understood from
lormula (a), these ring-opened polymaers are structurally charactarized by the fact that the main polymer chain contains
an unsaturated viny! linkage. Bacause of the prasence of the unsaluratad vinyl linkage, these polymers have poor heal
aging resistance,
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All of the polymars described in the above prior art documents are ring-opened polymers %EET‘IEC’ by the ring
scission of a monomar. U. S, Patents 9,330,815 and 3,494,897 and Joumal of Polymer Sclence: Polymer Physics
Edition, volume 12, 1607-1618 (1974) describa polymers of the type oblained by the opening of the double bond of a
monomer without the ring scission of the bicyclohapt-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 bicyclo[2.2.1]hept-2-ene -2-ene of the following formula (d) _

&
or its substitution preduct.

U. S. Patent 3,494,897 discloses a process for producing a copolymer of ethylene with a bicycle[2. 2 1]-hept-2-ene
represented by the following formula (e)

R R

Example 44 and claim 92 of this patent discloses a copolymer of ethylene with tetracyclo[6,2,1,1%.6,027]-4-dodecene

. of the following formula (f) encompassed within the formula ()

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
38,494,897 does not at all describe specifically copolymers of ethylene with tetracyclododecenes other than the tetra-
cyclo[6,2,1,13.6,02.7}-4-dodecene of formula (f).

Journal of Polymer Science: Polymer Physics Edition, volume 12, 1607-1618 (1974) discloses copolymers of eth-
ylene and norbornene 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-
drodimethanconaphthalene in this document). Table IV thereof states that this copolymer has a beta-relaxation temper-
ature of 15°C.

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

U. S. Patent Application Serial No. 696,161 (European Laid-Open Patent Application No. 01566464) discloses a
random copolymer composed of ethylens, a 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene and option-
ally an alpha-olefin having at least 3 carbon atoms or a cycloolefin, wherein the mole ratio of polymerized units from
the 1,4,5,8-dimathano-1,2,3,4,44,5,8,8a-octa-hydronaphthalena to polymarized 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-octahydronaphthalené is incorporated in the polymer chain as polym-
erized units without ring-opening. _

The specification of U. S. Patent No. 2,883,372 discloses a nonmally solid copolymer. of ethylene and 2,3-dihyd-

rodicyclopentadiena having the following formula
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said copolymer having a density in the range of 0.96 to 1.02 and being capable of being compression-molded at
elevatad temperatures into tough films.

The present invention seaks to provide a copolymer having excellent transparency, thermal resistance, heal aging
resistance, chemical rasistance, solvent resistancs, dislectric properties and mechanical properties.

Accordingly the present invention provides a random copolymer
which is transparent and is characterized in that

(A) the'copolymer comprises polymerized units from ethylene and polymerized units of at least one cycloolefin
represeniled by the following formula (1)

—~- (1)

wherein R, R2, A3, R4, RS, RS, R7 and R8 are identical or different and each represents a hydrogen atom, halogen
atom or a hydrocarbon group having 1 to 10 carbon atoms, and R? and R10 are identical or different and each
represents a hydrogen atom, a halogen atom or a hydrocarbon group having 1 to 10 carbon atoms or R° and R10
are bonded to each other to form a group of the following formula

71 )

(R -C"'.R
\___/

in which R and R12 are identical or different and each represents a hydrogen atom, a halogen atom or a hydro- * -
carbon group having 1 to 10 carbon atoms, and ¢ is an integer of 3 or 4, and n is a positive integer of 110 3,

(B) the mole ratio of the polymerized cycloolefin units to the polymerized ethylene units Is from 3:97 to 60:40,

(C) the or each cycloolefin of formula () is incorporated in the polymer chain as polymerized units represented by
the following formula (II) .

12
)2

--- (I1)

wherein all symbols are as defined above,

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

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

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

(G) the copolymer has a glass transition temperature (Tg) of 10 to 240°C as measured by a Dynamic Mechanical
Analyzer.

The present invention also provides a process for producing a random copolymer as defined above, which process
comprises continuously copolymerizing ethylene with the or each cycloolefin represented by formula (1) In a hydrocar-
bon medium in the presence of a catalyst formed from a vanadium compound soluble in the hydrocarbon medium and
an organoaluminum compound while maintaining the atomic ratio of aluminum atoms to vanadium atoms in the reaction -
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The present invention further provides molded articles prepared from a random copolymer as defined above or
from a medifled random copolymer prepared by a process as defined above.
The présent invention also provides a medified random copolymer which obtainable by a process as defined above.
In formula (1), R', R2, R3, R4, RS, RS, A7 and R are identical or different, and each represents a hydrogen atom,
a halogen atom or a hydrocarbon group having 1 to 10 carbon atoms. The halogen atom s, for example, fluorine,
chlorine or bromine. The hydrecarbon group is preferably an alkyl group. Preferably the alkyl group has 1 to 5 carbon
atoms. The alkyl group may be linear or branched, and includes, for example, methyl, ethyl, n-propyl, isopropyl, n-
butyl, iso-butyl, sec-butyl, t-butyl, pentyl, hexyl, hepty!, octyl, nonyl and decyl.
Examples of the halogen atom and the hydrocarbon group represented by R? and R10 are the same as those glven
above.
The integer n is preferably 1 or 2,
Examples of the cycloolefin of formula (I} include

1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalens,
2-methyl-1,4,5,8-dimethanc-1,2,3,4,4a,5,8,8a-cctahydronaphthalene,
2-ethyl-1,4,5,8-dimethano-1,2,3,4,42a,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-octahydronaphthalene,
2-stearyl-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-methyl-3-ethyl-1,4,5,8-dimethano-1,2,3,4,42,5,8,8a-octahydronaphthalene,
2-chloro-1,4,5,8-dimethano-1,2,8,4,4a,5,8,8a-octahydronaphthalene,
2-bromo-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,

- - 2-fluoro-1,4,5,8-dimethano-1,2,3,4,43,5,8,8a-octahydronaphthalene,

... 2,3-dichloro-1,4,5,8-dimethano-1,2,3,4,4a,-5,8,8a-octahydronaphthalene,
2-cyclohexyl-1,3,5,8,-dimethano-1,2,3,4,4a,-5,8 8a-octahydronaphthalene,
2-n-butyl-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-octahydronaphthalense,
5,10-dimethyltetracyc10[4,4,0,12.5,17.10]-3-dodecene,
2,10-dimethyltetracyclo[4,4,0,125,17.19] -3-dodecene,
11,12-diwethyltetracyc1o[4,4,0,125,17.10]-3-dodecene,
2,7,9-trimethyltetracyclo[4,4,0,135,17.10).3-dodecene,
8-ethyl-2,7-dimethyltetracyclo[4,4,0,125, 17.10])-3-dodecene,
9-isobutyl-2,7-dimethyltetracyclo-[4,4,0,125,19.10].3-dodecene,
9,11,12-trimethyltetracyclo[4,4,0,12.5,17.19]-3-dodecene,
9-ethyl-11,12-dimethyltetracyclo{4,4,0,125, 17.19]-3-dodecens,
S-isobutyl-11,12-dimethyl-3-tetracyclo-{4,4,0,125,17.19]-3-dodecene,
5,8,9,10-tetramethyltetracyc10[4,4,0,125, 17.19] .3-dodecene,
hexacyclo[6,6,1,13:8,110.13 027 09.14].4-heptadecene,
12-methylhexacyclo[6,8,1,13-8,110.13,027 09.14]-4.heptadecens,
12-ethylhexacyclo[6,6,136,110.13 03,7, 09.14].4-hepladecene,
12-isobutylhexacyclo[6,6,1,13.6,110.13,02.7, 09.14)-4-heptadecene,

- 1,6,10-trimethyl-12-isobutylhexacyclo[6,6,1, 136,110.13,02.7, 09.14].4.heptadecene,
octacyclo[8,8,129,14.7,111.19,113.16 0 038, 012.17}.5.dococene,
15-methyloctacyclof8,8,129,14.7,111.18,113.16, 0,03.8,012.17].5.dococene,
15-ethyloctacyclof8,8,12.9,14.7,111.18,113.18, 113,16 0,03.8 012.17).5.dococene,
1,3-dimethylpentacycio[6,6,1,136,02.7,09-14]-4-hexadecene,
1,6-dimethylpentacyclo[6,6,1,136,02.7,09-14]-4-hexadecene,

15, 16-dimethylpentacyclo[6,6, 1,13.6,02.7,09-14]-4-hexadecens,
pentacyclo[6,5,1,13.6,02.7,02.13]-4-pentadecene,
1,3-dimethylpentacycio[6,5, 1, 136,02.7,09-13]-4-pentadecene,
1,6-dimethylpentacyclo[8,5,1,13-6,02.7,09-13)-4-pentadecens,

M o
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The compounds of formula (I} may be used singly or in combination.

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

Accordirfg'to the process of this invention, the cycloolefin of formula (1) is copolymaerized continuously with ethylene
in a hydrocarbon medium in the presence of a catalyst. The catalyst is one formed from a soluble vanadium compound
and an organcaluminum compound. In the copolymerization reaction carried out continuously, the atomic ratio of alu-
minum atoms to vanadium atoms, A1/V, is maintained at at least 2.

The soluble vanadium compound used in the process of this invention as a component of the catalyst is a vanadium
compound soluble in the hydrocarbon medium in the polymerization reaction system. it may include vanadium com-
pounds of formula VO(OR),X,, or V(OR). X4 wherein R is a hydrocarbon group such as an aliphatic, alicyclic or aromatic
hydrocarbon group having 1 to 20 carbon atoms, preferably an aliphatic hydrocarbon group having 1 to § carbon atoms,
especially 1 to 3 carbon atoms, O=a=3, 0sb=3, 2=a+b=3, 0=c=4, 0=sd=4, 3sc+ds4, and X is halogen such as
Cl, Br or | and adducts of these compounds with electron donors. Specific examples are VOCl,, VO(OCH,3)Cl,, VO
(OCHg),, VO(OC,Hg); 5Cly 5, VO(OC,H;5)Cly, VO(OCoHg)oCl, VO(O-iso-CgHy)Cly, VO(O-iso-CaHp)aCl, VO(O-iso-
CaHz)y sCly 5, VO(O-n-CgHy)4 sCly 5, VO(O-n-C3H7)Cly, VO(O-n-C3Hy)Cl, VO(O-CgHy4)4 5Cly 50 VO{O-n-C4Hg)Cly, VO
(O'n‘C4H9)2C|. VO(O'iSO'C4H9)2CI, VO(O-SBC'C4H9)3, VO(OC2H5)3, VOBr. 2 VC'4. VOCIz, VCla, VBI'4, VBfa, VO(O'n'
C4Hg)a, and VCl3-20CgH,70H.

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

(i) organoaluminum compounds of formula
3 14
Fl}n Al{OR ),H‘,Xq

wherein R'3 and R4 are identical or different and each represents a hydrocarbon group having 1 to 15 carbon
' atoms, preferably 1 to 4 carbon atomns, X represents a halogen atom such as C), Brorl, m is a number represented -
- by 0=m=3, tis a number represented by 0=t<3, pis a number represented by 0=1<3, and q is a number repre-
sented by 0=q<3, provided that m+t+p+g=3.
(ii) Complex alkylated compounds of metals.of Group 1 of the perxodlc table and aluminum of formula

M'AIR]S

wherein M is Li, Naor K, and R15 js as defined above.

Examples of the organocaluminum compounds (i} are compounds of formula

14
RIZAI(OR™), ,

wherein R13 and R4 are as defined above and mis
preferably a number represented by 1.5sm=3, compounds of formula

RIBAIX,.,

wherein R13 is as defined above, X is halogen such as
Cl, Bror |, and m is preferably O<m<3, compounds of formula

l‘-'l:,;"AlHa_m
wherein R13js as defined above and m is preferably a number represented by 2sm<3, and compounds of formula
13 Ars, 14
. R AIOR ™) X,
wherein R13 and R'4 are as defined above, X is halogen such as Cl, Br or I, 0<m=3, and 0=q<3, provided that

- M+n+q=3. ot

: Examples of the aluminum compounds (i) include trialkyl aluminums such as triethyl aluminum, triisopropy! alumi-
' num and tributyl aluminum; dialkyl aluminum alkoxides such as disthyl aluminum ethoxide and dibuty! aluminum bu-
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t enper at jLigo; Ayt bikRndn PSR bd Such as ethyl aluminum sesquisthoxide and butyl aluminum sesquibutoxide;
partially alkoxylated alkyl aluminums having the average composition of R,’,_SAI(ORQ)O_S; partially halogenated alkyl
aluminums, for example dialkyl aluminum halides such as diethy! aluminum chioride, dibutyl aluminum chioride and
diethyl aluminum bromide, alkyl aluminum sesquihalides such as ethyl aluminum sesquichloride, butyl aluminum ses-
quichloride and ethyl aluminum sesquibromide, and alkyl aluminum dihalides such as ethyl aluminum dichloride, propyl -
aluminum dichlaride and butyl aluminum dibromide; partially hydrogenated alkyl aluminums, for example dialky! alu-
minum hydrides such as diethyl aluminum hydride and dibutyl aluminum hydride, and alkyl aluminum dihydrides such
as ethyl aluminum dihydride and propy! aluminum dihydride; and partially alkoxylated and halogenated alkyl aluminums
such as effiyl aluminum ethoxychloride, buty! aluminum butoxychloride and ethyl aluminum aluminum ethoxybromide,
As compounds similar to (i), organocaluminum compounds having at least two aluminums bonded through an oxygen

' or nitrogen atom may also be used. Examples of such compounds are (C2Hg)2AIOAN(CaHS),, (C4Hg)o AIOAI(CHg),
and (CoHg)oAINAC,Hs),.

Examples of the compounds (ii) are LIA(CaHs), and LIAI(C;H,g)s.

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

The copolymerization reaction in accordance with the process of this invention is carried out in a hydrocarbon
medium. Examples of the solvent include aliphatic hydrocarbons having 5 to 15 carbon atoms such as pentane, hexans,
heptane, octane and kerosene; alicyclic hydrocarbons having 5 to 15 carbon atoms such as cyclopentans, cyclohexane
and methylcyclohexane; and aromatic hydrocarbons having 6 to 15 carbon atoms such as benzene, toluene and Xylene.
These solvents may be used singly or in combination.

In the process of this invention, the copolymerization reaction is carried out continuously. During the reaction, the
ratio of aluminum atoms to vanadium atoms, Al:V, is maintained at2 or more:1, preferably 2t0 50:1, especially preferably
3t020:1.

The soluble vanadium compound and the organcaluminum compound are fed to the reaction system usually after
dilution with the hydrocarbon medium. The concentration of the vanadium compound to be fed to the polymerization
reaction system is usually not more than 10 times, preferably 7 to 1 times, more preferably 5 to 1 times, that in the
polymerization reaction system. On the other hand, the organoaluminum compound may be fed to the polymerization
system after its concentration is adjusted to not more than 50 times that in the polymerization system. In the process
of this invention, the concentration of the soluble vanadium compound in the copolymerization reaction system is
usually 0.01 to 5 gram-atoms/liter, praferably 0.05 to 3 gram-atoms/liter, as vanadium atoms. In the process of this
invention for producing the cycloolefin random copolymer, the-copolymerization reaction may be carried out in the
copresence of an electron donor in the polymerization reaction system in addition to the soluble vanadium compound

- andthe organcaluminum compound as catalyst ingredients. Exampleés of the electron donor include oxygen-containing
electron donors such as alcohols, phenols, ketories, aldehydes, carboxylic acids, esters of organoc acids or inorganic
acids, ethers, acid amides, acid anhydrides and alkoxysilanes, and nitrogen-containing electron donors such as am-
monia, amines, nitriles and isocyanates. The copolymerization reaction is carried out usually at -50 to 100°C, preferably
-30 t080°C, more preferably -20 to 60°C. The average residenca time in the copolymerization reaction differs depending
upon the type of the polymerization material, the concentrations of the catalyst components, and the polymerization
temperature. Usually it is § minutes to 5 hours, preferably 10 minutes to 3 hours. The pressure during the copolymer-
ization reaction is usually more than 0 to 50 kg/em?2, preferably more than 0 to 20 kg/cm?2. If desired, it is carried out
in the presence of an inert gas such as nitrogen or argon. To control the molecular weight of the copolymer, a molecular
weight controlling agent such as hydrogen may be present in the reaction system. The polymerization reaction mixture
after the copolymerization is treated in accordance with conventional methods to give the desired cycloolefin random
copolymer.

The mole ratio of ethylene:cycloolefin fed to the copolymerization reaction system in the process of this invention
is usually from 99:1 to 1:99, preferably 98:2 to 2:98.

In this invention, the cycloolefin is copolymerized with ethylene. As required, another copolymerized unsaturated
monomer within a range which does not impair the objects of the invention, for example in an amount of 50 mole%,
preferably 40 mole%, based on the ethylene units in the copolymer may be copolymerized in addition to these two
essential components. Specific examples of the other copolymerizable unsaturated monomer include alpha-olefins
having 3 to 20 carbon atoms such as propylene, 1-butene, 4-methyi-1-pentene, 1-hexene, 1-octens, 1-decene, 1-do-
decene, 1-tetradecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosane which are to be used in an amount
of less than 1 mole per mole of the sthylene units in the resulting random copolymer; and cycloolefins such as cy-
clopentene, cyclohexene, 3-methylcyclohexene, cyclooctene, 3a,5,6,7a-tetrahydro-4,7-methano-1H-indene, noncon-

Jugated dienes such as 1,4-hexadiene, 4-methyl-1,4-hexadiene, 5-methyl-1,4-hexadiens, 1,7-octadiens, dicyclopen-
ladiene, 5-ethylidene-2-norbornene and 5-vinyl-2-norbomene, and norbornenes such as norbornene-2, 5-methylnor-
bornene-2, 5-ethyinorbornene-2, 5-Isopropylnorbormene-2, 5-n-butyinorbornene-2, 5-i-butylnorbornene-2, 5,6-dimeth-
ylnorbomene-2, 5-chloronorbomene-2, 2-fluoronorbornene-2, and 5,6-dichloronorbornene-2.

The copolymerization reaction in accordance with this invention can be advanlageously carried out by continuously
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the soluble vanadium compound and organoaluminum compound as calalyst components, and the hydrocarbon me-
dium into tho polymerization system, and continuously withdrawing the polymerization reaction mixturs from the po-
lymerization reaction system.

According to the continuous process of this invention, a random copolymer having a narrow molecular weight
distribution and good transparency can be produced.

The resulting copolymer solution continuously withdrawn from the polymerization reaction system is a hydrocarbon
medium solution of the random copolymer. The conceantration of the random copolymer in the rasulting copolymer
solution is uSually 2.0 to 20.0% by weight, preferably 2.0 to 10.0% by weight. Contacting the resulting copolymer
solution with a ketons or alcohol gives a precipitate of the random copolymer. The precipitate is separated by such
separating means as filtration or centrifugal separation to give the random copolymer of this invention. The proportion
of the ketone or alcohol used is usually 200 to 1,000 parts by weight, preferably 300 to 500 parts by weight, per 100
parts by weight of the resulting copolymer solution. Examples of the ketones are those having 3 to 7 carbon atoms
such as acetone, methyl ethyl ketone, diethyl ketone, methyl isobutyl ketone, dipropyl ketone and acetylacetone. Ex-
amples of the alcohols are alcohols having 1 to 4 carbon atoms such as methanol, ethanol, propanol, isopropanol,
butanol, sec-butanol and tert-butanol. The ketones or alcohols may contain a small amount of water. The use of a
misxture of the ketone or alcohol with usually 0.1 to 10% by weight, preferably 1 to 5% by weight, of water is suitable
since it gives a copolymer powder having low contents of the unreacted cycloolefin monomer and a low-molecular-
weight polymer and high bulk density. Contacting of the resulting copolymer solution with the ketone or alcohol is
carried out with stirring at a temperature of usually 0 to 100°C, preferably 10 to 70°C, especially preferably at a tem-
perature near the boiling point of the ketone or alcohol. This is effected by using a vessel-type mixer having agitating
vanes such as turbine blades and comnb blades. The rotating speed of the blades is usually 200 to 2,000 rpm, preferably
800 to 1,500 rpm.

As a result of the after-treatment described above, the random copolymer is precipitated usually in powder form
to form a suspension. The suspension containing the copolymer is separated into the copolymer and the mother liquor
by such a separating means as centrifugation or filtration. The separated copolymer is further extracted with a ketone
to give a random copolymer having low contents of the unreacted cycloolefin monomer and a low-molecular-weight

. polymer, a narrow molecular weight distribution, a narrow composition distribution, and a high glass transition temper-
ature. The proportion of the ketone used in the extraction is such that the concentration of the copolymer in the ketone
is usually 10 to 100 g/liter, preferably 30 to 60 g/liter. The temperature at which the copolymer is contacted with the
ketone is usually 10 to 85°C, preferably 15 to 80°C. The contacting treatment between the copolymer and the ketone

_ is usually carried out with stirring using, for example, avessel-type mixer having agitating blades such as turbine blades
and comb blades. The rotating speed of the blades at this time is usually 50 to 400 rpm, preferably 100 to 200 rpm.
The time required for contacting is usually 1 to 8 hours, preferably 2 to 5 hours. Examples of the ketone may be the
same as those exemplified for the ketone used for the precipitation treatment. The copolymer which has been contacted
with the ketone may be separated by separating meahs such as centrifugation or filtration. As required, the separated
copolymer Is further washed with the ketone. The washing conditions may be the same as the ketone contacting
treatment conditions described above.

The random copolymer of this invention obtained by the above after treatment usually has a bulk density of 0.05
to 0.3, preferably 0.1 o 0.25, and is easy to handie ‘at the time of molding. Furthermore, since the copolymer of this
invention has low contents of the unreacted cycloolefin monomer and a low-molecular-weight polymer, optical mate-
rials, particularly optical memory discs, molded from it permit reduction of noise caused by, for example, reflection.

Thus, the present invention gives a randorm copolymer in which the mole ratio of polymerized cycloolefin of formula
(1) units to polymerized ethylene units is from 3:97 to 60:40, preferably from 5:95 to 50:50. :

The random copolymer of this invention has an intrinsic viscosity [n], measured in decalin at 135°C, of 0.01 to 20
dli/g, preferably 0.05 to 10 dl/g.

The random copolymer of this invention has a molecular weight distribution (Mw/Mn), measured by gel permeation
chromatography (GPC), of not more than 4, preferably not more than 3.5, especially preferably not more than 3. The
random copolymer of this invention is characterized in that this molecular weight distribution is narrow. This means
that the random copolymer of this invention has a low content of a low-molecular-weight polymer. Accordingly, when
the random copolymer of this invention is molded into an optical material such as an optical memory disc or optical
fibers, the optical material has good surface smoothness, low surface tack, or good mechanical properties and is
suitable for optical applications.

The random copolymer of this invention has a crystallinity, measured by X-ray diffractometry, of 0 10 10%, preferably
0 to 8%, especially preferably 0 to 7%. The advantage of the copolymer having a crystallinity of 10% or below is that
whan it is molded into an optical material such as an optical memory disc or optlcal flbers. noise of the optical matenal
caused by, for example, refraction or diffused reflection is reduced.

The copolymer has a Tg of 10 lo 240°C, more preferably 20 to 200°C.
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Tho random copolymers of this invention are moldad by known mdthods. For example, thay can be extrusion-
molded, injoction-moided, blow-molded, or rotationally molded by using, for example, a vent-lype extruder, a twin-
screw extruder, a conical twin-scraw oxtruder, a Cokneader, a pisticator, a mixtruder, a twin conical screw extruder, a
planetary scraw extruder, a gear-typo extruder or a scrowless extruder. In the molding procass, known additives such
as heat stabilizers, light stabilizers, antistatic agents, slip agents, antiblocking agonts, antihaze agents, lubricants, -
inorganic and organic fillers, dyes and pigments may bo used as required.

Phenailic 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, stearyt (3,3,-dimethyl-4-hydroxybenzyljthioglycolale, steary| beta-
(4-hydroxy-3,5-di-tert-butylphenol)propionate, distearyl 3,5-di-tert-butyi-4-hydroxybenzyl phosphate, 2,4,6-lris(3',5"di-

' tert-butyl-4"-hydroxybenzyithio)-1,3,5-triazine, distearyl (4-hydroxy-3-methyl-5-tert-butylbenzyl)malonate, 2,2-methyl-
enebis(4-methyl-6-tert-butylphenol),  4,4'-methylenebis(2,6-di-tert-butyiphenol), 2,2methylenebis{6-(1-methylcyclo-
hexyl)p-cresol], bis{3,5-bis{4-hydroxy-3-tert-butylphenylbutyric acid] glycol ester, 4,4'-butylidenebis(6-tert-butyl-m-
cresol),  1,1,3-tris(2-methyl-4-hydroxy5-tert-butylphenyl)butene, bis{2-tert-butyl-4-methy}-6-(2-hydroxy-3-tert-butyl-
S-methylbenzyl)phenyl] terephthalate, 1,3,5-tris(2,6-di-methyl-3-hydroxy-4-tert-butyl)benzyl isccyanurate, 1,3,5-tris
(8,5-di-tert-butyl-4-hydroxybenzyl}-2,4,6-trimethylbenzene, tetrakis{methylene-3-(3,5-di-tert-butyl-4-hydroxyphenyl) pro-
pionate]methane, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl) isocyanurate, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxyphenyl)
propionyloxyethyl] isccyanurate, 2-cctylthio-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 phencl/carbonic acid oligoesters such as carbonic acid oligoesters (for example,
having a degree of polymerization of 2, 3, 4, 5, 6,7, 8, 9, 10) of 4,4-butylidenebis{2-tert-butyl-5-methylphenal).

' Examples of the sulfur-type antioxidant include dialky! thicdipropionates such as dilauryl, dimyristyl or distearyl
thiodipropionate, and esters (such as pentaerythritol tetralaurylthiopropionate) formed between alkylthiopropionic acids

-such as butyl, octyl, lauryl- or stearylthiopropionic acid and polyhydric alcohols (such as glycerol, irimethylolethane,
trimethylolpropane, pentaerythritol or tris-hydroxyethyl diisocyanurate).

Phosphorous-containing compounds may also béincorporated. Examples include triocty! phosphite, trilauryl phos-
phite, tridecyl phosphite, octyldipheny! phosphite, tris(2,4-di-tert-butylphenyl) phosphite, triphenyl phosphite, tris(bu-
toxyethyl) phosphite, tris(nonylphenyl) phosphite, distearyl pentaerythritol diphosphite, tetra-(tridecyl)-1,1,3-tris(2-me-

- thyl-5-tert-butyl-4-hydroxy-phenyl)butane diphosphite, tetra(C,,-C, 5 mixed alkyl)-4,4'-isopropylidenediphenyl diphos-
phite, tetra(tridecyl)-4,4'-butylidenebis(3-methyl-6-tert-butylphenol) diphosphite, tris(3,5-di-tert-butyl-4-hydroxyphenyt)
phosphite, tris(mono-di-mixed nonylphenyl) phosphite, hydrogenated 4,4'-isopropylidene diphenol polyphosphite, bis

- (octylphenyl),bis(4,4-butylidenebis(3-methyl-8-tert-butylphenol)]. 1,6-hexanediol diphosphite, phenyl-4,4'-isopropylid-

- enadiphenol-pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite, bis(2,6-di-tert-butyl--
4-methylphenyl)pentaerythritol diphosphite, tris[4,4'-isopropylidenebis(2-tert-butylphenol)] phosphite, phenyldiiso-
decyl phosphite, di(nonylphenyl)pentaerythritol diphosphite, tris(1,3-di-stearoyloxyisopropyl) phosphite, 4,4*isopro-
pylidenebis(2-tert-butylphenol)-di(nonylphenyl) phosphite, 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide,
and tetrakis(2,4-di-tert-butyiphenyl)-4,4"-biphenylene diphosphonite.

There can also be used 6-hydroxycoumarone derivatives such as alpha-, beta-, gamma- and delta-tocopherols
and mixtures thereof, 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-hydroxycoumarone, 2,2,7-trimethyl-5-tert-butyl-6-hydroxycoumar-
one, 2,2,5-trimethyl-7-tert-butyl-6-hydroxycoumarone, 2,2,5-trimethyl-6-tert-butyl-8-hydroxycoumarone, and 2,2-
dimethyl-5-tert-butyl-6-hydroxycoumarone.

It is also possible to incorporate a compound represented by the general formula

MAl (OH)py, 50.25(A),.8H,0

wherein M represents Mg, Ca or Zn, A is an anion other than a hydroxyl anion, x, y and z are positive numbers, and
a represents 0 or a positive number. ' ’
Examples of the compounds of the above formula are

MggAl,(OH),5CO, 4H,0,

MggAly(OH),CO;, 5H,0,

MggAl,(OH), ,CO, 4H,0,
Mg, Al,(OH),,(CO,), 4H,0,
. MggAl,(OH) ,sHPO, 4H,0,

CagAl,(OH),sCO, 4H,0,



a

[er‘“r]

- 20 - [err]

REPLACEMENT SHEET

03 SEP 1997

_9.-

Zn4AlL(OH) ,4CO, 4H,0,
ZngAl,(OH), 650, 4H,0,
MggAl,(QH), £SO, 4H,0,

and
- MgsAlg(OH),.‘,COS SHao.

There may also be added an antioxidant having a 2-benzofuranone skeleton, such as 3-phenyl-2-benzofuranone
and 3-phenyl-4,6-di-t-butyl-2-benzofuranone as disclosed in the specification of Japanase Laid-Open Patent Publica-
tion No. §01,181/1980.

Examples of the light stabilizers include hydroxybenzophenones such as 2-hydroxy-4-methoxybenzophencone,
2-hydroxy-4-n-octoxybenzophenone, 2,2'-dihydroxy-4-methoxybenzophenone and 2,4-dihydroxybenzophenone; ben-
zotriazoles such as 2-(2-hydroxy-3'-tert-butyl-5'-methylphenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-3',5"-di-tert-butyl-
phenyl)-5-chlorobenzotriazole, 2-(2-hydroxy-5-methylphenyljbenzotriazole and 2-(2'-hydroxy-3',5"di-tert-amylphe-
nyl)benzotriazole; benzoates such as phenyl sallcylate. p-tert-butylpheny! salicylate, 2,4-di-tert-butylphenyl-3,5-di-tert-
butyl-4-hydroxybenzoate and hexadecyl-3,5-di-tert-butyl-4-hydroxybenzoate; nickel compounds such as 2,2'-thiobis
{4-tert-octylphenol) nickel salt, [2,2'-thiobis(4-tert-cctylphenolate)]-n-butylamine nickel salt and (3,5-di-tert-butyl-4-hy-
droxybenzyl)-phosphonic acid monoethy! 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-ethylphenyl-N'-2-ethoxypheny! oxalic acid diamide; and hindered amine compounds such
as bis(2,2,6,6-tetramethyl-4-piperidine)sebacats, poly[(6-(1,1,3,3-tetramethylbutyl)imino)-1,3,5-triazine-2,4-diyl 4-
(2,2,6,6-tetramethylpiperidyllimino)hexamethylene] and a-condensation product of dimethyl succinate and 2-(4-hy-
droxy-2,2,6,6-tetramethyl-1-piperidyl}ethancl.

Examples of the lubricants include aliphatic hydrocarbons such as paraffin wax, polyethylene wax and polypro-
pylene wax; higher fatty acids such as capric acid, lauric acid, myristic acid, palmitic acid, margaric acid, stearic acid,
arachidic acid and behenic acid; metal salts of higher fatty acids such as lithium, calcium, sodium, magnesium and
potassium salts of the above-exemplified fatty acids; aliphatic alcoholes such as paimityl alcohol, cetyl alcohol and
steary! alcohol aliphatic amides such as caproic amide, caprylic amide, carpric 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 fluoroalkyl-sulfonic acids.

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

The random cepolymers of this invention have excellent transparency, heat resistance, heat aging resistance,
chemical resistance, solvent resistance, dielectric properties and mechanical properties, a narrow and uniform molec-
ular weight distribution, and a narrow and uniform composition distribution. Accordingly, those having a low molecular
weight are synthetic waxes and are useful as candles, impregnating agents for malches, paper finishing agents, sizes,
antioxidants for rubber, waterproofing agents for cardboards, slow releasing agents for chemical fertilizers, heat accu-
mulators, binders for ceramics, paper condensers, electric insulating materials for electric wires and cables, agents
for decelerating neutrons, fiber finishing aids, water-repelients for building materials, protecting agents for coatings,
polishing agents, thixotropy imparting agents, core hardening agents for penclls and crayons, carhon ink substrates,
electrophotographic toners, lubricants and releasing agents for molding of synthetic resins, resin coloring agents, hot-
melt adhesives, and lubricant greases. Those having a high molecular weight can be used in an optical field as optical
lenses, optical discs, optical fibers and windowpanes, in an electrical field as a water tank for electrical irons, parts of
electronic ovens, base boards for liquid crystal display, base boards for printed circuit boards, high frequency circuit
boards and transparent eleclrically conductive sheets or films, in medical and chemical fields as syringes, pipettes and
animal gages, and in other various fields as housings of measuring instrumants, and helmets,

When the copolymers of this invention have a glass transition temperature (Tg) below 100°C, they can be used
In a field utilizing their shape memory, and as a vibration controlling material or a tube. Specifically, they can be used
as joints for Irregularly-shaped pipes, laminating agents for the interior and exterior parts of pipes and rods, clamping
pins for oplical fiber connectlors, plaster casts, conlainers, automobile bumpers, various space eliminating materlals,
vibralion controlling materlals or sound insulaling materials in the form of a laminate with a metal surface material, and -

tubes lor use in medical therapy,
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The random copolymoers of this invention may be used as a bland with various known polymers. Examples of such
known polymaers aro:

(A) Polymers derived from hydracarbons having 1 or 2 unsalturated bonds

Palyolelins, such as polyethylene, polypropylene, polyisobutylens, poly(methylbutene-1), poly(4-methylpen- -
tene-1), poly(methylbutene-1), polyisoprene, polybutadiene and polystyrenas, or crosslinked products thereof.

Copolymers of the monomers constituting the above polymers with each other, such as ethylene/propyliene
copolymer, propylene/butene-1 copolymer, propylene/isobutylene copolymer, styrene/isobutylene copolymer, sty-
rene/Butadiene copolymer, terpolymars of ethylene, propylene and dienes such as hexadiens, bicyclopentadiene
and 5-ethylidene-2-norbornene, and terpolymers of ethylens, 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 cited.

~ (B) Halogen-containing vinyl polymers
Polyvinyl chloride, polyvinylidene chloride, polyvinyl flucrids, polychloroprene, and chiorinated rubbers,

{C) Polymers derived from alpha,beta-unsaturated carboxylic acids or the derivatives thereof

Polyacrylate, polymethacrylate, polyacrylamide, and polyacrylonitrile.

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

(D) Polymers derived from unsaturated alcchols, amines, acyl derivatives thereof, or acetals
Polyvinyl alcohol, polyviny! acetate, polyvinyT§tearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl butyral,

polyallyl phthalate and polyallylmelamine.
Copolymers of the monomers constituting the above-exemplified polymers with other copolymerizable mon-

omers, such as ethylene/vinyl acetate copolymer.

(E) Polymers derived from epoxides
Polyethylens oxide and polymer derived from bisglycidyl ether.

(F) Polyacetals
Polyoxymethylene, polyoxyethylene, and polyoxymethylene containing ethylene oxide.

(G) Polyphenylene oxid_e
{H) polycarbonate .
(1) Polysulfone
(J) Polyurethane and urea reéins
(K) Polyamides and copolyamides derived from diamines and dicarboxylic acids and/or aminocarboxylic acids or
the corresponding lactams
Nylon 8, nylon 66, nylon 11, and nylon 12.
{L) Polyamide-polyethers |
l(M) Polyesters derived from dicarboxylic acids and dialcohols and/or hydroxycarboxylic acids or the corresponding
actones

Polyethylene terephthalate, polybutylene terephthalate and poly(1,4-dimethylolcyciohexane terephthalats).

{N) Crosslinked polymers derived from aldehydes and phenols, urea or melamine
Phenol/formaldehyde resin, urea/formaldehyde resin, and melamine/formaldehyde resin.

(O) Alkyd resins
Glycerin/phthalic acid resin.
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polyhydric alcohols using vinyl compounds as crosslinking agents, and halogen-containing medified resins thareof.

(Q) Natural polymers _
Caellulose, rubber and protein, or derivatives thereol, such as cellulose acelate, 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
known waxes.

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

The random copolymer of this invention may be modified by grafting thereto a monomer selected from the group
consisting of (a) alpha, beta-unsaturated carboxylic acids and/or their derivatives, (b) styrenes, (¢) organic silicon
compounds having an olefinic unsaturated bond and a hydrolyzable group,and (d) unsaturated epoxy compounds. The
modified random copolymer obtained has the same excellent properties as the random copolymer of the invention and
also especially good adhesion to metals and synthetic resins and good compatibility with other resins. The amount of
the grafting monomer in the modified random.copolymer is 0,1 to 50 parts by weight, preferably 0.5 to 35% by weight,
per 100 parts by weight of the random copolymer of the invention. The modified random copolymer usually has an
intrinsic viscosity [n] of 0.03 to 20 dl/g, preferably 0.05 to § di/g.

Examples of the grafting monomer are:

‘ Examples of the unsaturared carboxylic acids and their derivatives (a) include unsaturated carboxylic acids such
as acrylic acid, methacrylic acid, alpha-ethylacrylic acid, maleic acid, fumaric acid, itaconic acid, citraconic acid, tet-
rahydrophthalic acid, methyltetrahydrophthalic acid, endocis-bicyclo[2,2,1]-hept-5-ene-2,3-dicarboxylic acid (Nadic ac-
id®), and methylendocis-bicyclof2.2.1]-hept-5-ene-2,3-dicarboxylic acid (methylNadic acid®), and their halides,
amides, imides, anhydrides and esters. Specific examples-of these derivatives are malenyl chloride, maleimide, maleiuc
anhydride, citraconic anhydride, monomethyl maleate and dimethyl maleate. Of these, the unsaturated dicarboxylic
acids or their anhydrides are preferred. Maleic acid, Nadic acid or their anhydrides are especially preferred.

Examples of the styrenes (b} are compounds represented by the following formula

20 21
R R
~ = e
R R22
wherein A20, R2! and R22 each represent a hydrogen atom or a lower alkyl group. Specific examples are styrene,
alpha-methylstyrene, o-methylstyrene, m-methylistyrene, p-methylistyrene, m-ethylstyrene, p-ethylstyrene, o-iso-pro-

pylsytrene, m-isopropylstyrene and p-isopropylstyrene. Of these, styrene, m-methylstyrene and p-methylstyrene are

preferred.
Examples of the organic silicon compound (c) having an olefinic unsaturated bond and a hydrolyzable group are

compounds represented by the following formula

RrR¥RMsiy'y?

wherein A23 and R24 are identical or different and each represents a monovalent group composed of carbon,
hydrogen and optionally oxygen and having an olefinically unsaturated bond, and Y1 and Y2 are identical or different
and each represents a hydrolyzable group,

compounds of the following formula

RZsiv'v?y?
wherein R23 s as defined, and Y?, Y2 and Y2 are identical and different and each reprasents a hydrolyzable group,
and compounds of the following formula

A2 XSIY y?

wharein R23, Y1 and Y2 are as defined above and X represents an organic group free from an olefinic unsaturated
bond.

Examples of R23 and R4 are vinyl allyl, butenyl, cycichexenyl, cyclopentadienyl, CH,=C{CH3)COOO(CH,)3-,
CHp=C(CH3)COO(CH,)p-0-(CHz)g-, and CHp=C(CH3)COOCH,0CH,CH(OH)CH,0(CHy)y-. Of these, the hydrocar-
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Examples o( Y1, Y2and Y3 are alkoxy groups such as methoxy, ethoxy, butoxy and methoxyathoxy, acyloxy groups
such as formyloxy, acetoxy and propionoxy, oxime groups such as -ON=C(CHj),, -ON=CHCH,;C,Hs and -ON=C

! (CgHs)a. and substituted amino groups and arylamino groups such as -NHCH,, -NHC,H4 and -NH(CgHj).

Examples of X in the above formula include methyl, ethyl, propyl, tetradecyl, octadecyl, phenyl, benzyl and tolyl.
Of these, monovalent hydrocarbon groups are prefsrred.

Orgamc silicon compounds preferably used in this invention are those of the second formula given above, partic-
ularly thdse in which the groups Y7, Y2 and Y2 are identical. Especially preferred are vinyltrialkoxysilanes such as
vinyltrimethoxysilane, vinyltriethoxysilane, vmylms(methoxyethoxy)sxlane. vinylmethyldiethoxysilane and vinylphe-
nyldimethoxysilane.

The unsaturated epoxy monomers (d) are preferably monomers having at least one polymerizable unsaturated
bond and at least ocne epoxy group per molecule. Examples include unsaturated glycidy! esters represented by the
following general formula

- Q O
25 = LN

wherein R25 represents a hydrocarbon group
having a polymerizable ethylenically unsaturated bond,

unsaturated glycidyl ethers represented by the general formula
0.
VAR
R?3-z-cH,-CE—CH,

wherein RS s as defined above, and Z represents a divalent group of the formula -CH,-O- or

-@o’-.
and epoxyalkenes represented by he general formula
, r26
25_2 -
R C\—?CHZ

wherein R25 is as defined, and F26 represents a hydrogen atom or a methyl group.

Specific examples of the monomers (d) are glycidyl acrylate, glycidyl methacrylate, mono-and di-glycidyl ltaconate,
mono-, di- and-triglycidyl butene-tricarboxylates, mono- and di-glycidyl citraconates, mono-and di-glycidy! endo-cis-
bicyclo[2.2.1]-hept-5-ene-2,3-carboxylates, mono- and di-glycidyl endo-cis-bicyclo-[2.2. 1]-hept-5-ene-2-methyl-2,3-di-
carboxylates, mono-and di-glycidyl allylsuccinates, glycidyl p-styrene-carboxylate, allyl glycidyl ether, 2-methylalkyl
glycidyl ether, styrene p-glycidyl ether, 3,4-epoxy-1-butene, 8,4-epoxy-3-methyl-1-butene, 3,4-epoxy-1-pentene,
3,4-3,4-epoxy-3-methyl-1-pentene, 5,6-epoxy-1-hexene, and vinyicyclohexene monoxida. Of these, glycidyl acrylate
and glycidyl methacrylate are preferred.

The modified random copolymer may be produced by various known methods. For example, the random copolymer
is melted, and the grafting monomer is added and graft-copolymerized. Alternatively, the random copolymer is dissolved
in a solvent, and the grafting monomer is added and graft-copolymerized. In either case, the reaction is preferably
carried out in the presence of a radical initiator in order to parform graft copolymerization efficiently. The radical initiator
may include organic peroxides, organic peresters and azo compounds. lonizing radiations and ultraviolet light may
also be used to generate radicals.

The modified random copolymer oblained by the above procedurs has excellant heat resistance as shown by its
high glass transition temperature which is one measure of heat resistance. Specifically, the modified random copolymer
usually has a glass transition temperaturs, measured by a Dynamic Mechanical Analyzer (DMA), of 20 to 250°C, in
many cases 30 to 220°C. The modified random copolymer also usually has a soltening temperature of 20 to 230°C,
Inmany cases 30 to 200°C. The softening termperature is defined as the temperature at which a quartz needle (diameter
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0.635 mm) panotrates 0.1 mm inlo the copolymer under a load of 49 g when the temperature is slevated al a rate of
§°C/min. using TMS (thermomachanical analyzer, a product of E, I. du Pont de Nemours & Co.).

The modified copolymer usually has a density, determined by the method of ASTM D 1505, of 0.95 to 1.20 g/em3,
in many cases 0.96 lo 1.10 g/lem3, .

When tha random copolymer ot this invention is crosslinked with sulfur or organic peroxides or by actinic light such
as electron beams or radioactive rays, its heat resistance, chemical resistance, solvent resistance and mechanical
properties can be further improved.

The propetties of the cyclaclefin random copolymers obtained in this invention were measured in accordance with

the following methed.

(1) Copolymer composition (mole%)

On the basis of the cycloolefin unit content of the random copolymer determined by 13¢-NMR (200 MHz), a
calibration curve is prepared between the cycloolefin unit content and the height of the peak of an absorption band
based on the cycloolefin unit determined by infrared spectroscopy. The peak height of the absomption band of the
infrared absorption spectrum of the random copolymer is measured, and the cycloolefin unit content is calculated.
The ethylene unit content of the random copolymer is calculated by subtracting the cycloolefin unit content from
the entire units.

{2} Intrinsic viscosity [n]

Measured at 135°C using a Ubbelohde viscometer.

(3) Glass transition temperature (Tg) .

Measured by a Dynamic Mechanical Analyzer (DMA, made by E. 1. du Pont de Nemours & Co.).
{4) Crystallinity :

Determined by X-ray diffractometry.

(5) Volatile component (VM) . o
A weight change was measured under the conditions of 300°C, 1 torr and 1 hour.
{6) Content of the unreacted cycloolefin

The polymer was dissolved in cyclohexane, and the amount of the unreacted cycloolefin was measured by

gas chromatography.
(7) Molecular weight distribution
The molecular weight distribution (Mw/Mn) is determined in the following manner in accordance with the pro- -

cedure described at pages 14-114 of "Gel Permeation chromatography* by Takeuchi, published on May 20, 1976
by Maruzen Co., Ltd., Tokyo.

(1) Using standard polystyrene of a known molecular-weight (mono-dispersed polystyrene, a product of Toyo Soda
Mfg. Co., Lid., Japan), the molecular weight M of the polystyrene sample and its GPC (gel permeation chroma-
tography) count are measured. A calibration curve for the molecular weight Mand the EV (elution volume) is drawn.

The concentration of the polymer at this time is set at 0.02% by weight.
(2) A gel permeation chromatogram of the sample is taken by the GPC measuring method, and the number average

2 .
molecular weight (Mn = %Nil) andthe welight average molecular weight (Mw = %"ﬁ )are calculated for copolymer
i

by (1) above, and the value (Mw/Mn) is determined.

The sample is prepared under the following conditions, and the conditions for GPC are as éhown below.

Preparation of the safmple’ )

(a) The sample is taken into an Erlenmeyer flask together with o-dichlorobenzene so as to provide a 0.02% solution.
(b) Into the Erlenmeyer flask containing the sample is added 0.1% by weight, based on the polymer soiution, of

2,6-di-tert.-butyl-p-creso! as an antioxidant.
(c) The Erlenmeyer is heated to 140°C, and the contents are stirred {or about 30 minutes to dissolve the polymer

and the antioxidant.
(d) Then, at 135 1o 140°C, the solution is filtered by a 1n Millipoere filter. _
(e) The filtrate is subjected to gel permeation chromatography.

Conditions for gel permeation chromatoaraphy
(a) Device: Model 150C, made by Waters Company
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(b) Column: TSK-GMHS (mix type) made by Toyo Soda Mig. Co., Lid.
(c} Amount of the sample: 500 pl

(d) Temperature: 140°C

(e) Flow rate: 1 mV/min.

{f) Total theoretical stages of the ¢column;

1 x 10% 10 4 x 10* {measured with acelone)
The fgl_lowing Examples further illustrate the present invention.

EXAMPLE 1

Ethylene and 1,4,5,8-dimethano-1,2,3,4.4a,5,8,8a-octahydronaphthalene [Table 1, {a); abbreviated as DMON]
were copolymerized in a 2-liter polymerization reactor equipped with agitating blades. '

The polymerization reactor was continuocusly charged at its top with a cyclohexane solution of DMON at a rate of
0.4 liter/hour so as to provide a DMON concentration of 60 g/liter in the polymerization reactor, a cyclohexane solution
of VO(OC,Hs)Cl, as a catalyst at a rate of 0.7 liter/hour so as to provide a vanadium concentration of 0.7 mmole/liter
in the polymerization reactor (the concentration of vanadium fed at this time was 2.86 times that in the polymerization
reactor), a cyclohexane solution of ethyl aluminum sesquichloride as a catalyst at a rate of 0.4 liters/hour so as to
provide an aluminum concentration of 5.6 mmolesfliter in the polymerization reactor, and 0.5 liters/hr of cyclohexane.
In the mean-time, the polymerization mixture in the polymerization reactor was withdrawn continuously from the bottom
of the polymerization reactor so that the amount of the polymerization mixture in the reactor was always kept at 1 liter.
Furthermore, 80 liters/hr of ethylene, 80 liters/hr of nitrogen and 0.2 liter/hr of hydrogen were fed from the top of the
polymerization reactor. The copolymenzatlon was cagried out at 10°C by circulating a cooling medium into a jacket
fitted to the exterior portion of the reactor. As a result of the copolymerization reaction under the above conditions, a
polymerization reaction mixture containing the sthylene/DMON random copolymer was obtained. Amixture of cyclohex-

_ ane and isopropanol (1:1) was added to the polymer solution with drawn from the bottom of the polymerization reactor
to stop the polymerization reactor. Thereafter, an aqueous solution composed of 1 liter of water and 5 mi of concentrated
hydrochioric acid and the polymer solution were contacted at a ratio of 1:1 with strong stirring by a homomixer to
transfer the catalyst residue to the aqueous layer. The mixture was left to stand, and the water layer was removed.

' The residue was washed twice with distilled water to purify and separate the polymer solution. The polymer solution
was contacted with 3 times its amount of acetone with strong stirring, and the solid portion was collected by filtration
and fully washed with acetone. Thereatter, the resulting solid portion was put into acetone in a concentration of 40 ¢/
liter, and reacted at 60°C for 2 hours. The solid portion was then collected by filtration, and dried in a stream of nitrogen
at 130°C and 350 mmHg for 24 hours. -- '

By the above procedure, the ethylene/DMON copolymer was obtained at a rate of 94 g/hr. The copolymer had an
ethylene content of 61.3 mole%, an intrinsic viscosity of 0.85, an Mw/Mn, determined by GPC, of 2.50, a crystallinity,
determined by X-ray diffractometry, of 0%, and a glass transition temperature (Tg) of 143°C. The copolymer contained
0.4% by weight of volatile comonents and 0.13% by weight of the unreacted monomers.

EXAMPLES 2-14

Example 1 was repeated except that the copolymerization conditions indicated in Table 2 were used. The properties
of the resulling copolymers are shown in Table 3.
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E: obtained in Exanple 3 a: vinyl-tri-ethoxy silane 03 SEP 1997
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Spacifically, tha reactor was charged al its top with 0.9 liter/hr of a toluene solution of M-DMON so as lo provide
an M-DMON concentration in the reactor of 60 gfliter, 0.7 liter/hr of a toluene solution of VO(OC,H;5)Cl, as a catalyst
50 as lo provide a vanadium cancentration in the reactor of 0.5 mmolefiiter, and 0.4 liter/hr of a toluene solution of ethyl
aluminum sesquichloride as a catalyst so as to provide an aluminum concentration in the reactor of 2 mmolestiter. In
the meantime, the polymer solution was continuously withdrawn from the bottom of the reactor so that the amount of *
the polymer solution in the reactor was maintained always at 1 liter. Furthermore, 35 liters/hr of ethylene and 80 liters/
hr of nitrogen were fed from the top of the reactor. The copolymaerization reaction was carried out at 10°C by circulating
a cooling medium through a jacket fitted to the outside of the reactor. As a result of performing the copolymerization
under the aforesaid conditions, a polymerization reaction mixture conlaining an ethylene/M-DMON random copolymer
was obtained. A small amount of methanol was added to the polymer solution withdrawn from the bottom of the reactor
to stop the copolymerization reaction. The polymer solution was then put into a large amount of acetone/methanol to
precipilate the resulting copolymer. The copolymer was fully washed with acetone and dried under reduced pressure
for one day at 80°C. By the above operation, the ethylen/M-DMON random copolymer was obtained at a rate of 60 o
hour.

The copolymer was found to have an ethylene content of 63 mole%. The copolymer had an intrinsic viscosity,
measured in decalin at 135°C, of 0.92, an iodine number of 1.0, a crystallinity, determined by X-ray diffractometry, of
0%, and a transparency, determined by a haze meter on a 1 mm sheet sample in accordance with ASTM D 1003-52,
of 3.1%.

The glass transition temperature Tg of the copolymer, détermined from the peak temperature of the loss modulus
E* which was measured at a temperature elevation rate of 5°C/min. by a dynamic mechanizal analyzer was 127°C.
Its melting point Tm was measured within a temperature range of -120 to 400°C by DSC (Du Pont 990 type) at a
temperature elevation rate of 10°C/min.). No melting curve (peak) was observed.

EXAMPLES 16-24 AND COMPARATIVE EXAMPLE 1°

Example 15 was repeated except that the copolymerization conditions shown i in Tables 4 and 5 were used. The
properties of the resulting copolymers are shown in Table 5. In Example 22, a 1:1 mixture of toluene and cyclohexane
was used as the polymerization solvent.
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Clains 1. A random copol ymer which is transparent and is chafaBERACEMENT (SHEET
that (A) the copol ymer conprises polynerized units of ethyl epefand
pol ymeri zed units of at |east one cycloolefin represented by}t 1ed%#5p/\?@
formula (1) [err] wherein Rerr], Rerr], Rerr], Rerr], R é¢r
Rlerr] and Rlerr] are identical or different and each represgnts—a—hy-eogen

atom - 21 -

EXAMPLE 25

Fifty grams of the ethylene/DMON random co-polymer (A} obtainedin Example 1 was dissolvad in 500 m! of Xylene
at 125°C in a nilrogen almosphere in a glass reactor. Then, a xylene soilution of maleic anhydride (abbreviafted as
MAH) (12 g/30 mi) and a xylene solution of dicumy! peroxide (abbraviated as DCP) (0.27 ¢/30 ml) were fed gradually
over a period of 4 hours from separate lines into the reactor.

Since MAH had low solubilty in xylene, it was dissolved by heating with an infrared lamp, and the heating was
continued until its feeding was terminated.

After the | feedmg. the reaction was continued for 2 hours, and after the reaction, the reaction solution was cooled

.to room temperature. The reaction solution was put into a large amount of acetone to precipitate the polymer. The
resulting grafted ethylene/DMON copolymer was filtered, repeatedly washed with acetone, and dried under reduced
pressure at 80°C for 1 day to give the desired MAH-grafted ethylene/DMON copolymer. The amount of MAH grafted,
measured by oxygen analysis of the modified copolymer was 1.13 by weight. The modified copolymer had an intrinsic
viscosity, measured in decalin at 135°C, of 0. 86 dl/g, a density, determined in accordance with ASTM D 1508, of 1.025
g/em3, a glass transition temperature (Tqg) of 145°C.

EXAMPLES 26 & 27

Example 25 was repeated except that 50 g of each of the cycloolefin random copolymers indicated in Table 6 was
used instead of the ethylene/DMON random copolymer, and the grafting conditions were changed as in Table 6. The
results are shown in Table 7.

Table 6
Example | Random copolymer' | Grafting conditions
MAH (¢/30 ml) | DCP (g/30 mi)
26 A 12 0.27
27 B 12 0.27
A: Obtained in Example 1,
B: obtained in Example 4, and

Table 7
Example Properties of the modified copolymer
Amount of MAH grafted (wt.%) ] Tg (by DMA method) | Density (g/em3)
26 1.13 08| — 145 1.025
27 1.23 0.86 149 1.023
EXAMPLES 28-30

Example 25 was repeated except that the random copolymer, grafting monomer and the radical initiator were
changed as shown in Table 8 The results are shown in Table 9.

Table 8
Example | Random copolymer | Amount (g) | Grafting monomer | Amount {g) | DCP (g)
28 A 50 a 20 0.33
29 D 50 b 16 0.34
30 E 50 c 10 0.27
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positive integer_of 1 to 3 Table 8 (continued)
Example | Random copolymer | Amount {(g) | Grafting monomer | Amount (g) | DCP (g)
A: Obtained in Example 1,

D: obtained in Example 2, and

E: obtained in Example 3

a: vinyl-tri-ethoxy silane

b: styrena
8 C: glycidyl methacrylate

Table 9
Example Properties of the modified copolymer
Amount of grafted monomer (wt.%) | [n] | Tag (by DMA method) | Density (g/cmd)
28 0.25 0.97 144 1.026
29" 1.34° 0.86 138 1.021
30 : 1.13 0.85 142 © 1,023

Claims
1. A random copolymer which is transparent and is Characterized in that

(A) the copolymer comprises polymerized units of ethylene and polymerized units of at least one cycloolefin
represented by the following formula (1)

-== (1)

wherein R1, B2, R3, R4, RS, RS, R7 and RS are identical or different and each represents a hydrogen atom,
halogen atom or a hydrocarbon group having 1 to 10 carbon atoms, and R® and R0 are identical or different
and each represents a hydrogen atom, a halogen atom or a hydrocarbon group having 1 to 10 carbon atoms
or R® and R19 are bonded to each other to form a group of the following formula

(R} - ¢ - ’*),

in which R and R?2 are identical or different and each represents a hydrogen atom, a halogen atom or a -
hydrocarbon graup having 1 to 10 carbon atoms, and £is an integer of 3 or 4, and n is a positive integerof 1 to 3
(B) the mole ratio of the polymerized cycloolefin units to the polymerized ethylene units is from 3:97 to 60:40,
(C) the or sach cycloolefin of formula (i) is incorporated in the polymer chain as polymerized units represented
by the following formula (l1)

_—
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Table 8 (conlinued)

Example | Random copolymer | Amount (g) | Gralting monomer | Amount {(g) | DCP (g)

A Obtained in Example 1,
D: obtained in Example 2, and
E: obtained in Example 3
&: vinyl-tri-ethoxy silane
b: styrens’
F- . C: glycidy! methacrylate

. Table 9
Example Propenties of the modified copolymer
. Amount of grafted monomer Wt.%) | [n] | Tg (by DMA method) | Density (g/femd)
28 0.25 0.87 144 1.026
29 134" | oss 138 | 1.021
s | 113~ " | oss 142 - 1023

Claims

1. Arandom copolymer which is transpérent andis 'éharacteriied in that

(A) the copolymer comprises polymenzed units of ethylene and-polymerized units of at least one cycloolefin .

represented by the followmg formula (l)

—= (1

wherein R1, R2, R®, R4, RS, K% R” and R8 are identical or dilferent and each represents a hydrogen atom,
halogen atom or a hydrocarbon group having 1 to 10 carbon atoms, and B2 and R19 are identical or different
and each represents a hydrogen atom, a halogen atom or a hydrocarbon group having 1 to 10 carbon atoms
or R? and R1° are bonded to each other to form a group of the following formula

& - ¢ - ',
\____/
in which R and R12 are ldenhcal or different and each represents a hydrogen atom, a halogen atom or a
hydrocarbon group having 1 to 10 carbon atoms, and £ is an integer of 3 or 4, andn is a positive integerof 1 to 3
(B) the mole ratio of the polymerized cycloolefin units to the polymerized ethylene units is from 3:97 to 60: 40,
(C) the or each cycloolefin of formula (1) is incorporated in the polymer chain as polymerized units represented
by the following formula (ll)
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(E) the copol yner has a nol ecul ar wei ght distribution (Mv Mp) [ neasured b
.gel perneation chronmatography. of not nore than 4, (F) the ¢opol é?hﬁﬁ a
crystallinity, measured by X-ray diffractometry, of 0 to 10% g
copol yner has a glass transition tenperature (Tg) of 10 to p46fef+i-C—as——I
nmeasured by a Dynami ¢ Mechan- ical -Analyzey3 _2. A random copol yner
according to claim1l wherein the nole ratio (B) of t he pol ynerTzZea
cycloolefin units to the 3 7

——= (1I)

wherein all symbols are as defined above,
(D) the copolymer has an intrinsic viscosity (n}, measured in decalin at 135°C, of 0.01 to 20 di/g,
{E) the copolymer has a molecular weight distribution (Mw/Mn), measured by gel permeation chromatography,

of not more than 4,
{F) the copolymer has a crystallinity, measured by X-ray diffractometry, of 0 to 10%, and
(G) the copolymer has a glass transmon temperature (Tg) of 10 to 240°C as measured by a Dynamic Mechan-

ical Analyzer.

2. A random copolymer according to claim 1 wherein the mole ratio (B) of the polymerized cycloolef' n units to the
polymerized ethylene units is from 5:95 to 50:50.

3. A random copolymer according to claim 1 or 2 which has a glass transition temperature (Tg) of 20 to 200°C.

4. A process for producing a random copolymer as defined in any one of the preceding claims, which process com-
prises continuously copolymerizing ethylene with the or each cycloolefin represented by formula (1) in a hydrocar-
bon medium in the presence of a catalyst formed from a vanadium compound soluble in the hydrocarbon medium
and an organc-aluminum compound while maintaining the atomic ratio of aluminum atoms to vanadium atoms in

the reaction system, A1:V, at 2 or more:1.

5. A process according o claim 4 wherein the soluble vanadium compound is added to the reaction system in a
concentration not more than 10 times its existing concentration in the reaction system in order to maintain the
atomic ratio A1:V at 2 or more:1.

6. Aprocess forpreparing a modified random copolymer, which process comprises grafting on to a random copolymer,
as defined in any one of claims 1 to 4, 0.1 to 50 parts by weight of a monomer selected from (a) alpha, beta-
unsaturated carboxylic acids and/or their derivatives, (b) styrenes, (c) organic silicon compounds having an olefin-
ically unsaturated bond and a hydrolyzable group, and (d) unsaturated epoxy monomers per 100 parts by weight
of the said random copolymer.

7. Molded articles prepared from a random copolymer as defined in any one of claims 1 to 4 or from a modified
random copolymer prepared by a process as claimed in claim 6.

8. A modified random copolymer which is obtainable by a process as defined in claim 6.

Patentanspriiche
1. Ein statistisches Copolymer, das transparent ist und dadurch gekennzeichnet ist, daB .

{A) das Copolymer polymerisierte Einhaiten von Ethylen und polymerisierte Einheiten von wenigstens einem
Cycloolefin umfast, das durch die folgende Formel (1) dargestellt ist :
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pol yrrerl zed, et hyI ene units is from5:95 to 50:50. 3. A random copol ymer

according to claim1 or 2 which has a ‘gl ass transition tenpgr,

20 to 200[err]C. 4. A process for producing a random copoly

(1) in a hydrocar- bon nediumin t he presence of a catal yst
vanadi um conpound sol ubl e in the hydrogcagban nmedi um and RiRt
conpound whi | e mai nt ai ni ng the atomic ratio of alunminum ato

t 0 _vanadi um

atons In _ - Table 8 (conlinuad)

Example | Random copolymar | Amount (g) | Gralting monomar | Amaunt (g) OCP (9)

A: Obtained in éxample 1.
D: obtained in Example 2, and
E: obtained in Example 3
- a: vinyl-tri-ethoxy silane
b: styrane '
- C: glycidyl methacrylate

Table 9
Example Properties of the modified copolymer
Amount of grafted monomer (wt.%) | ] | Tg (by DMA method) | Density (g/em?)
o/ 28 0.25 -} o.87 144 1.026
29 1.34° 0.86 138 1.021
20 113 0.85 142 11.023
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A random capolymer which is transparent and is "c'haracxeriied in that

(A) the copolymer comprises polymerized umts of ethy!ene and pclymenzed unils of at least one cycloclefin
represented by the following formula )

-— (D

wherein A1, A2, A3, R4, RS, RS, R7 and RS are identical or diffarent and each represents a hydrogen atom,
halogen atom or a hydrocarben group having 1 to 10 carbon atoms, and A9 and R19 ara identical or diffarant
and each represents a hydrogen atom, a halogen atom or a hydrocarbon group having 1 to 10 carbon atoms
or A9 and R0 are bonded to ‘each other to form a group of the following formula

(Rll - C - Rlz_)z

in which A" and R'2 are identical ordifferent and each represents a hydrogen atom, a halogen atom or a
hydrocarbon group having 1 to 10 carbon atoms, and £ is an integer of 3 or 4, andn is a positive integerof 1103
(B) the mols ratio of the polymerized cycloolefin units to the polymerized ethylene units is from 3:97 to 60:40,
(C) the or each cycloolefin of formuta (1) is incorporated in tha polymer chain as polymaerized units represented
by the lollowing formuta (11}

--= (11)

wherasin all symbols are as defined above,

(D) the cepolymer has an intrinsic viscasity [n], measured in decalin at 135°C, of 0.01 t0 20 dVg,

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

(F) the copolymer has a crystallinity, measured by X-ray dilfractometry, of 0 to 10%, and

{G) the copolymer has a glass transmon temperature (Tg) of 10 to 240°C as measured by a Dynamic Mechan-

ical Analyzer.

A random copolymer according to claim 1 wherein the mole ratio (B) of the polymerized cycloolefin units to the
polymerized ethylene units is from 5:95 to 50:50.

A random copolymer according to claim 'i or 2 which has a glass transition temperatura (Tg) of 20 to 200°C.

A process for praducing a random copolymer as defined in any one of the preceding claims, which process com-
prises continuously copolymerizing ethylene with the or each cycloolefin rapresented by formula (1) in a hydrocar-
bon medium in the prasance of a catalyst formed from a vanadium compound soluble in the hydrocarbon medium
and an organc-aluminum compound while maintaining the atomic ratio of aluminum atoms to vanadium atoms In

the reaction systam, A1:V, at 2 or more:1.
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5. A process accerding to claim 4 wherein the soluble vanadium compound is added to the reaction syften} ina
concantration not mara than 10 times its existing concentration in the reaction system in order to maintain the
atomic ratio A1:V at 2 or more:1.

8. Aprocess forpreparinga modified random copolymer, which process comprises graftingontoa random copolymer,
as defined in any onae of claims 1 to 4, 0.1 to 50 parts by weight of a monamer selected from (a) aipha, beta-
unsaturated carboxylic acids and/or their derivatives, (b) styrenes, (c) organic silicon compounds having an clefin-
ically unsaturated bond and a hydrolyzable group, and (d) unsaturated epoxy monomers per 100 parts by waight
of the said random copolymer. ’

7. Molded articles prepared from a random copolymer as defined in any one of claims 1 10 4 or from a modified
random copolymer prepared by a procass as claimed in claim 6. ’

8. A modified random copolymar which is obtainable by a process as defined in claim 6.
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ABSTRACY

RANDOM COPOLYMER AND PROCESS FOR PRODUCTION THEREOF

A raﬁdom copolymer is characterized in that (a)
the copolymer comprises polymerized ethylene units and
polymerized units of at least one cycloolefin, (B) the mole
ratio of the polymerized cycloolefin units to the
polymerized ethylene units is from 3:97 to 60:40, (C) the
cycloolefin is incorporated in the polymer chain without

N\ ring opening, (D) the copolymer has an intrinsic viscosity

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



