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and chemical homogeneity, and to a process for their
production. Hydrogenated a-olefin-cycloolefin copolymers
obtained by hydrogenation of these a-olefin-cycloolefin
copolymers as precursors have high optical uniformity and.
transparency, and are therefore suitable for applications
as optical disk substrates and other optical materials.
Background Art

Plastics used for optical materials such as optical
disk substrates and optical lenses require a number of
properties, in addition to transparency, including

‘optical isotrepy (low birefringence), dimensional

stability, weather resistance and thermal stability.
Polycarbonates and polymethyl methacrylates have mainly
been used for such optical uses in the past, but
polycarbonates have disadvantages including a large
intrinsic birefringence and a tendency toward optical
anisotropy of the molded products, while polymethyl
methacrylates also have disadvantages such as poor
dimensional stability, due to their extremely high water
absorption, and low heat resistance.

Presently, optical disk substrates employ
pelycarbonates almost exclusively aﬁd, with the recent
progress in increased capacity magnetic optical disks
(MODs) and high recording density, as typified by the
development of digital video disks (DVDs), problems such

as the degree of the birefringence of polycarbonates and
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Presently, optical disk substrates enpl oy pol ycar bonat es al nost

exclusively and, with the reCent . progress in increased capacity

magneti c optical disks 35 (M3Ds) and high recording density, as typified

by the devel opnment of digital video disks (DVDs), problens such

as ‘'t he degree_ of the b|refr|ngence of pol ycarbonates and WO .
98/ 33830 WO 9853 PCT/ JP98/ 00 RSE/IPIBI00366. - = --:
- 2- war pi ng of di sks by noi sture absorption have becone

matters of concern. - In light of2these circunstances,

devel opnment has been accelerating in the area of cyclic olefin

polynmers 5 as substituting materials for pol ycarbonates. Production

processes for the¥eTPHRY Afr 1gkH Prmedejupe AWsLPLipadhave becpRes t he
fol l owing 2 typeSmatters<ﬂiﬁoﬁh@rmycllc olefinis subjected to ring opening
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unsat ur ated doubl e bo the ogenat ed.
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copol yneri zasi on aé subgteitukingetaterdath for qidlylcambomatds. Prodactimlic
ol efin, m”thOUt'erEbéggﬂy 39rOfnd e Qhéfs]é%n lagbgi&rbe classified The

advantage of produyctio r.o 1) hat , since the primary
structure of the bBT’?/r?g}ép SEEWF&? ?ypes

(1) The cyclic olefin is subjected to ring opening
polymerization with a metathesis catalyst, after which

10 the resulting unsaturated double bonds on the main
polymer chain are hydrogenated.

(2) A Ziegler-Natta catalyst or Kaminsky catalyst is used
for copolymerization of an a-olefin such as ethylene with
a cyclic olefin, without ring opening of the cyclic

15 olefin.

The advantage of production process (1) is that,
since the primary structure of the polymer is uniformly
established, high chemical homogeneity is achieved to
result in polymers with high transparency when molded

20 into articles; however, costly polycyclic olefins must be
used as the monomers in oxder to achieve high heat
resistance. For example, such olefins as are
commercially available at the present time include the
amorphous polyolefin resin [tradename ZEONEX)

25 " manufactured by Nihon Zeon, KK. and the amorphous
pelyclefin resin [tradename ARTON] manufactured by Nihon
Synthetic Rubber, KK., both of which use, as the monomer,
a derivative of tetracyclo[4.4.0.12J,17d°.]—3-dodecene
obtained according to the Diels-Alder addition product of

30 dicyclopentadiene with the corresponding dienophile
[Polymer Preprints, Japan Vol.44, No.l, 81-83 (1995)].
However, the synthesis and purification of these
polycyclic monomers are costly, and they are therefore

" economically disadvantageous.

35 In production process (2), polymers with high heat

resistance can be obtained without using costly
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: depending on parameters such as the composition ratio and .

concentration of the monomer, the polymerization
temperature and the catalyst concentration, and it is
therefore difficult to maintain the composition ratio of

15 the resulting copolymer constant as polymerization
proceeds.

Although a great number of ethylene-cyclic olefin
copolymers obtained using ethylene with a-olefins have
been proposed, most of them are polymerized while keeping

20 a constant ethylene pressure during the polymerization
reaction and, since the composition ratio of the
monomers, as represented by the following chemical ratio:

icyclic olefin}/{ethylene],
decreases as polymerization progresses, the introduction

25 ratio of the cyclic olefin into the copolymer is
gradually reduced. This variation in the composition
ratio of the copolymer leads to fluctuations in the
polymer density, thus increasing the proportion of light
scattering to result in lower transparency. In addition,

30 since the reactivity of ethylene is generally higher than
that of cyclic olefins, there is a tendency to produce
ethylene homopolymers, aligomers and copolymers including
partially crystalline ethylene blocks, which are also a
cause of lower transparency.

35 Methods aimed at overcoming these drawbacks include
one wherein the catalyst is modified to enhance the level
of alternation of the ethylene and cyclic olefin
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10 copolyners, the reactivity of the nonomers varies dependi ng on
paraneters such as the conposition ratio and concentration of the
nononer, the polynerization tenperature and the catal yst
concentration, and it is therefore difficult to nmaintain the
conposition ratio of 15 the resulting copol yner constant as

pol yneri zat i oriV0 9833830, oceeds. Al though a great nBFDERISE6E - - -

et hyl ene-cyclic olefin copol ymers obtai ned usi ng et hyl ene as on
[err]-ol efin- have been proposed, nost4 ef them are polynerized while
keepi ng 20 a constant ethylene pressure during the polynerization
reaction and, since the conposition ratio of the m;ag AS
represent ed by the(??ﬂqwggn%*@?ﬁn&i‘l Patenty Publication No. & 327) el i ¢
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heat res;stance sulted for optlcal uses without using
expensive cyclic olefins, further development in this .
area is required.
Dicyclopentadiene (hereunder, "DCPD") is a starting

15 material used for synthesis of many different cyclic
olefins, and it is the least expensive of the cyclic
olefins. However, studies of this material have been
limited, probably because c-olefin-DCPD copolymers which
contain this monomer include unsaturated double bonds,

20 from DCPD, in the copolymer.

Ethylene-DCPD copolymers themselves are known. One
source [H. Schnecko, et al., Angew. Macromol. Chem., 20,
141-152 (1971)) teaches that a Ziegler-Natta catalyst
comprising a vanadium compound and an organic aluminum

25 compound was used for copolymerization of ethylene and
DCPD, giving an ethylene-DCPD copolymer with the DCPD
component in a composition ratio of 6-100% by mole. This
source suggests that ethylene and DCPD undergo random

. copolymerization with the vanadium catalysts.

30 On the other hand, few reports exist of ethylene-
DCPD copolymers using Kaminsky catalysts. 1In Japanese
Examined Patent Publication No. 7-13084 there is
disclosed copolymerization of ethylene and DCPD using
bis(cyclopentadienyl) zirconium chloride and aluminoxane

35 as a catalyst. However, the composition ratio of the

- DCPD component in the resulting copolymer is no greater
than 20% by mole. In Japanese Patent No. 2504495 and
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-4- (Japanese Unexam ned Patent Publication No. 6-339327) and

ones wherein the production of polyethylene and et hyl ene bl ocks is

m nim zed (Japanese Unexam ned Pat ent Publ i cati on No. 6-271628 and

No. 8-12712); however, 5 difficulties still remain in obtaining polyners .
sui tabl e WQ ¥3388es i ncl udi ng optical disk substrates, m’%@é@‘ent ~ e
strict demands for optical uniformty and transparency. G ven

this situation, since no nethod has yet beem - provi ded for the

production of cyclic olefin polyners 10 with the optical uniformty and
transparency and the high heat resistance suited for optical uses
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Et hyl ene- DCPD copol yners thensel ves ar e _known.

One
Schnecko, et al., FRGINFRBITIH SIRER] . JHgwever, C?HYfgfs(‘f[gn)] t eaches
that a Ziegler- Natdrhanaedl ystel of alternparumnngaanorfartmjloawﬂ%ﬂ%dmdlsand an -

organi ¢ al um num e nefRER WML MBEAUSRLdiAf REPAL WIFUDiZAE! SRami1tiRy| ene .
and DCPD, gi Vving . an et%%/ ene- DCP d%o \a/mer vmt closeclp

conponent i & corfRFSEEPER F93t itheors8- ‘if) PRy aRgre. hﬁ1d§s source
suggests that et hyleberandeBGRI2 medergos + andom copol ynmeri zation with

the vanadi um cat alyssd9osdPe of the 1WehinPt her hand, few reports exist of
et hyl ene-

ol ynmers_.using nsky ca ohn
Exam ned Patent Publi cgg 6¥ b%eﬁogga{ph rgsen\t. alryv%lgl h tc}wﬁg
copol yrrerl zation mﬁ-@ﬁﬁyheﬂﬁmmmﬁmwﬂs with high Chemlca

15 homogeneity which are suited for optical uses, to provide
a process for their production.

As a result of diligent research on copolymerization
reactions between a-olefins and DCPD using Kaminsky
catalysts, the present inventors have found that the

20 reactivity of DCPD differs greatly in comparison to using
conventional vanadium catalysts. That is, when a
Kaminsky catalyst is used, absolutely no DCPD homopolymer
is obtained, and upon copolymerization with ethylene the
DCPD component does not exceed 50% by mole in the

25 copolymer, regardless of how high the composition ratio
of DCPD to ethylene. This indicates that virtually no
linking of the DCPD component occurs in the presence of a
Kaminsky catalyst.

This is a surprising finding considering the

30 publicly known fact that linking of the NB components
occurs readily, based on evidence that when
polymerization of NB is carried out with Kaminsky
catalysts, as hitherto reported in numerous publications,
homopolymers of NB are obtained (W. Kaminsky et al.,

35 Stud. Surf. Sci. Catal. 56, (Catal. Olefin Polym.), 425-
438 (1990)] and ethylene-NB copolymers are obtained with
NB component mole fractions exceeding 50% by mole [W.
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bi s(cycl opent adi enyl ) zirconium chl oride and al um noxane 35 as a

catal yst. However, the conposition ratio of the DCPD conponent in

the resulting copolynmer is no greater than 20% by nole. In Japanese

Pat ent No. 2504495 and Japanese Unexam ned Pat ent

Publ i cati on ﬁg Z/P 24122 and 8-59744, DCPD is nentioned as
candi dat e nonoWg? enpl oyed, but no details V\hatscgﬂ'@?’%’%“ -
gi ven. - Further, U S. Patent No. 4,948, 856 discloses 5

copol ynmers obtained from ethyl ene and a norbérnaene-type nononer -

I ncl udi ng DCPD and descri bes that alternating copolyners are

preferred. However,, _cQpoO Mel,s f hapced | I al atl n
cannot be obt ai ned &Y' 84‘ at. rt RS TRNH r1 H5esc a% o?'%]éreél; rfdé'?rb
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does not exceed 509 e in
On%po ymers, o lgomers and block copolymers is

minimized, thus giving o-olefin-DCPD copolymers with high
chemical homogeneity. It has been also found that
hydrogenated a-olefin-DCPD copolymers, obtained by

15 addition of hydrogen to the aforementioned copolymers for
hydrogenation of the unsaturated double bonds, have
excellent optical uniformity and transparency making them
suitable for optical uses including optical disk
substrates, and the present invention has thus been

20 completed.
| In other words, the present invention provides an o-
olefin-cycloolefin copolymer with enhanced level of
alternation, which
(1) consists essentially of 0-39% by mole of an a-olefin

25 component represented by the following formula (A)

30 . (A)
R
wherein R! is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms,
35 and 61~-100% by mole of a cycloolefin component
represented by the following formula (B)
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25 copol yner, regardless of how high the conposition ratio of DCPD
to ethylene. This indicates that virtually no | i nking of the DCPD
conmponent occurs in the presence of a Kam nsky cat al yst.

This is a surprising finding considering the 30 publicly known fact that
l'i nki ng of the NB conponents occurs readily, based on evidence that

‘when poWPeR P38t i on of NB is carried out with Kani nskyRCT/JP98/00366 . - - -

catal ysts, as hitherto reported in numerous publications,
honopol ynmers of NB are obtained [W Kam nsky et al., 35 Stud. Surf. Sci.-

Catal. 56, (Catal. Aefin Polym), 425- 438 (1990)] and et hyl ene-NB
copol yners are obtained with NB conponent nole fractions exceedi ng
50% by nmole (W - 6-

Kam nsky, et al., Macronol. Chem 47, 83-93 (1991)].
The present inventors. concentrat characteristics of DCPD

and catal ystg and have found 5 f cooI ynmers are produced using
Kam nsky catal ysts while ke&pi g apolsition ratio of the (BEPD
nononer in a reaction system above aRcerta aI ue with respect to
the [err]-olefin, the level of alternatio een the a-olefin

conponent a t he DCPD conponent is 10 eased, while production of
crystalli nen]ﬁ)err] ol efin honopol yrrers ol i goners and bl ock copol yners
i's m nimzed, thus gjvin i‘;rr -ol efin-DCPD co oI%/ wW.th. hig

cheni cal honogenei'erepp Radshée ¥ 358 Phdt sath ‘g‘i ﬁdrj’ ﬁ‘&t“éd

[err] -ol efi n- DCPD 13@yekyppss , graupabfabl 56 marbon atakdi tandn of hydrogen to
the af or enent' oned ﬁomgygeiédjc% viscosity 7,,/c which is in a range of

15 .0.1-10 dl/g as measured in a 0.5 g/dl toluene solution at
30°C (hereunder sometimes referred to as copolymer (X)).

Consequently, the above-mentioned copolymer
.according to the present invention includes, in addition
‘to copolymers composed of repeating units represented by

20 formulas (A) and (B), also copolymers which contain
substantially no repeating units represented by formula
(A) in copolymer (X), and which therefore consist
substantially of repeating units represented by formula
(B).

25 The present invention further provides an a-olefin-
cycloolefin copolymer with enhanced level of alternation,
which
(1) consists essentially of repeating units represented
by the following formulas (A), (B), (C) and (D):

‘(\\1///‘\j} ()
1

35 R

30

wherein R' is a hydrogen atom or a saturated aliphatic

hydrocarbon group of 1-16 carbon atoms,



hydr ogenati on of the unsaturated doubl e bonds, have excel I ent optical

uniformty and transparency nmaki ng them suitable for optical uses

i ncludi ng optical disk substrates, and the present invention has thus
been 20 conpl et ed. In other words, the present invention
provi des an | - ol efin-cycl ool efin copolymer with enhanced | eve

of al ter%fg%ﬁ’%ﬁ“ whi ch (1) consists essentially oFCTHRYUBE not e
of an [err]-olefin 25 conmponent represented by the followi ng formula (A
30 [err] -~ 8 - (A

wherein R err] is a hydrogen atomor a saturated aliphatic
hydr ocar bon group of 1-16 carbon atons, 35 and 61-100% by nol e of a
cycl ool ef i n conponent represgnted by the f\ollowing forrmula (B)

WO 98/ 33830 PCT/ JP98/ 00366
-7- -
5
(B)
10
wherein R’ is a hydrogen atom or a saturated aliphatic
hydrocaxbon group of 1-16 carbon atoms,
15
20
(¢)
25
30 wherein n is 0 or 1; m is 0 or a positive integer of 1-3;

P is 0 or 1; and R’~-R*¥ are the same or different and each
represents a hydrogen atom, a halogen atom, an aromatic
hydrocarbon group of 6-10 carbon atoms or a saturated or
unsaturated aliphatic hydrocarbon group of 1-12 carbon
35 atoms, or R and R” or R and R” may together form an

alkylidene group, or RY” or R and R* or R” may form,
together with the two carbon atoms to which they bond, a
ring which may contain at least one double bond or be an

aromatic ring,



5 (B) 10
wherein R err] is a hydrogen atomor a saturated aliphatic

-hydr ocarbon group of 1-16 carbon atons, and (2) has a reduced
viscosity [err] which is in a range of 15 0.1-10 dl/g-as neasured in a
0.5 g/dl . tolueng solutlon at 30[err] C (hereunder sonetines referred
to as copol ymey Consequent |y, the above- nen®CE{{Ew®/00366  _ -
copol ymer -~ according to the present invention includes, in addition
to copol yners conposed of repeating units represented by 20 formul as (A
and (B), also copolyners which contain substantially no repeating
units represented by formula “(A) in copolymer (X), and which

t heref ore consi st substantial | y fof repeatyng units represented by
formul a (B). 25 The pre lon further provides an
[err]-ol efin- cycl ool efin copol h fenhanced | evel of (D)
alternation, s whi ch (1) conS| )essentially of repeating units
represent ed by the follow ng fornulas ﬁA) (B), (© and (D: 30

(A 35 [err] - wherein R err] is a
hydrogen atomor a saturated aliphatic hydr ocar bon group of 1-16

car bon at ons, wherein g is an integer of 2-8,

10 with composition ratios of [A}, [B), [C) and [D) which
represent the molar percents of the respective repeating -
units (A), (B), (C) and (D) being in ranges such that
([A) + [Bl)/([C) + [D]) = 95-99.9/0.1~5, [A])/[B) = O-
39/61-100 and [D]/(C] = 0-95/5-100, and

15 (2) has a reduced viscosity nw/c which is in a range of
0.1-10 dl/g as measured in a 0.5 g/dl concentration

. toluene solution.at 30°C (hereunder sometimes referred to
as copolymer (Y)).
In other words, the above-mentioned copolymer

20 according to the invention includes copolymers which
consist of repeating units (B) and (C) whose composition
ratios are in ranges such that {B}/[{C] = 95-99.5/0.1-5.

The above-mentioned copolymer according to the
invention also includes copolymers which consist of

25 repeating units (B), (C) and (D) whose composition ratios
are in ranges such that [B}/({C] + [D]}) = 95-99.9/0.1-5
and [D}/[C] = 1-95/5-99.

The above-mentioned copolymer according to the
invention also includes copolymers which consist of

30 repeating units (A), (B) and (C) whose composition ratios
are in ranges such that ((A)] + [B})/(C} = 95-99.9/0.1-5
and [A]/[B] = 1-24/76-99.

The above-mentioned copolymer according to the
invention further includes copolymers which consist of

35 repeating units (A), (B), (C) and (D) whose composition

ratios are in ranges such that ([A] + {B])}/([C] + [D]) =
95-99.9/0.1-5, [A]/[B] = 1-24/76-99 and [D}/{C] = 1-95/5~
99.

The present invention still further provides
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PCT/ JP98/ 00366
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- 10 -

hydrogenated-type a-olefin-cycloolefin copolymers with
enhanced level of alternation which is obtainable by
hydrogenation of at least 99% of the unsaturated double
bonds in copolymer (X) (hereunder sometimes referred to
as copolymer (X3)). Thus, the wa-olefin-cycloolefin
copolymers (Xz) may be those which .

(1) consists essentially of 0-39% by mole of an a-olefin
component represented by the following formula (Ay)

(Bg)
R]

wherein R' is a hydrogen.atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atomns, '

and 61-100% by mole of a cycloolefin component
represented by the following formula (By)

(Ba)

wherein R® is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms, and

(2) has a reduced viscosity f,/c which is in a range of
0.1-10 dl/g as measured in a 0.5 g/dl toluene solution at
30°C.

The present invention still further provides
hydrogenated-type a-olefin-cycloolefin copolymers with
enhanced level of alternation which is obtainable by
hydrogenation of at least 99% of the olefiqically
unsaturated double bonds in copolymer (Y) (hereunder
sometimes referred to as copolymer (Yg))- These



[err] 30 wherein nis 0 or 1; mis O or a positive integer of 1-3;

3 22 pis Oor 1, and R-R are the sane or different and each
represents a hydrogen atom a hal ogen atom an aromatic hydr ocar bon
group of 6-10 carbon atons or a saturated or unsaturated aliphatic
hydrocar bon grvgﬁgﬁ%l 12 carbon 19 20 21 22 35 o
at ons, R and R may together form an BCRIROBAR6e - - -
group, or R[err] or Rerr] and Rlerr] or R[err] may form t oget her

with the two carbon atons to which they bond! a ring which may

contain at |east one double bond or be an aromatic ring,

[err] copolymers (Yy) may thus be those which

(1) consists essentially of repeating units represented
by the following formulas (Ayg), (By). (Cyg) and (Dy):

5 .
1 (All)
R
10
wherein R' is a hydrogen atom or a saturated.aliphatic
hydrocarbon group of 1-16 carbon atoms,
15
(Bg)
R
20
25 wherein R’ is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms,
30
(Cu)
35
40
wherein n is 0 or 1; m is 0 or a positive integer of 1-3;
p is 0 or 1; and R’-R? are the same or different and each
represents a hydrogen atom, a halogen atom, an aromatic
45 hydrocarbon group of 6-10 carbon atoms or a saturated

aliphatic hydrocarbon group of 1-12 carbon atoms, or RY



wherein q is an integer of 2-8, 10 W th conposition ratios of [A], [B],
[C and [D] which represent the nolar percents of the respective
repeati ng units (A, (B), (C and (D) being in ranges such that

([A + [B])/([C] + [D) = 95-99.9/0.1-5, [Al/[B] = O- 39/61 100 and
[D/[C] 0-95/5-100 and 15 (2) has a reduced viscosity [e Cc which
isin a range%?m 0.1-10 dl /g as neasured in a 0.5 g/erETf

tol uene solution at 30[err]C (hereunder sonetines referred to as
copolyrmer (Y)). In other words;- tRe-above-nenti oned copol yner 20
according to the invention includes copol ymers whi ch consi st of

repeating units (B S Qsi.ti i ranges
such that [B]/[(C Q-CSBQQ& n§ &mrrﬁ)ay tOgggh f“orb"{ \%’ rgrg)r(lﬁ]gdnée copol yrer
according to the group, mrehf i on R sand Re] oateB’ coav| §ardYy s tRARERPT dHSNst  of
25 repeating uniis &) Jc@ ARbrsDho RS GABPOSbAd O dhigOFhich mayar €
i n ranges suchthat [I?JTW&LC% [ H = 95-99.9/0.1-5 and [D/[C =

1- 95/ 5-99. Be- ‘i oned copol yner according to the

i nvention al s® includes copolyners which consist of 30 repeating units
(A), (B) and (C) whose conposition | 0S are in ranges such that
([A] +[B])/[C = 95-99.9/0.1-5 a /[B] =1-39/-61- 99

The above-nenti oned copol yner accor di g i nvention furthé?

i ncl udes cop%yrrers whi ch consi st of 35 (ﬁpeati ng units (A, (B), (O
and (D) whose conposition ratios are ih ranges such that ([A] +
[B])/([CQ + [D]) = 95-99.9/0.1-5, [A]/[B] = 1-39/61-99 and [D]/[C =

1- 95/ 5- wherein q isng i@t%ﬁ%@tof ry_egrlti on still further provides

with composition ratios of [Ay)}, {Bal. [Cy} and ([Dy] which

15 represent the molar percents of the respective repeating
units (Ag), (By), (Cy) and (Dy) being in ranges such that
([Aa] + (Bgl)/((Ca] + (Dg)) = 95-99.9/0.1-5, [Ag)/[By] = 0-
'39/61-100 and [Dg}/[Cq) = 0-95/5-100, and
{(2) has a reduced viscosity %,,/c which is in a range of

20 0.1-10 dl/g as measured in a 0.5 g/dl concentration
toluene solution at 30°C.

The present invention still further provides a
process for producing a-olefin-cycloolefin copolymers
comprising copolymerizing an a-olefin of 2 or more carbon

25 atoms with DCPD in the presence of a catalyst comprising
at least one metallocene of which the central metal is
titanium, zirconium or hafnium and at least one promoter
catalyst, while maintaining a mole ratio (F) of the
monomers in the reaction system within a range which

30 satisfies the following expression (I)

F = [dicyclopentadiene]/[a-~olefin] > 4 (I)
during the period from the start of polymerization until
the conversion of the DCPD added to the polymerization
reaction system reaches 60%, with or without being

35 - followed by hydrogenation.

Within the scope of this production process, a

preferred production process is one in which the a-olefin

used is ethylene. It is preferred for the central metal -

366t on= -
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- 10- hydr ogenat ed-type [err]-olefin-cycloolefin copolynmers with
enhanced | evel of alternation which is obtainable by hydr ogenati on of

at least 99% of the unsaturated double bonds in copol yner (X)

(hereunder so eferred to 5 as copolymer (X err])). Thus, the :
[err]-ol efin- cr@'l9 copolymers (X[ err]) may be th&EEIRIH0BI66 - - --:

(1) consists essentlally of 0-39% by nole of an [err]-olefin
conponent represented by the following formubld fAlerr]) 10
[err] 15 wherein Rlerr] is a hydrogen atomor a saturated aliphatic

hydr ocar bon group og% JthJeGmSQQPP&e%tOQE b% zircodl and 61 cil'qu% oL & of a
cycl ool efi n conpone resent ed 1trh floT‘I i r(B[ err])
20 25 catalyst to be aluminoxane [ ditr |5 equ y preferred for

the central metal of the metallocene to be zirconium and
the promoter catalyst to be an ionic boron compound.

5 Regarding the period during which the monomer ratio
is to be maintained, the mole ratio (F) of the monomers
in the reaction system is preferably in a range which
satisfies expression (I) until the conversion of the
dicyclopentadiene added to the polymerization reaction

10 system reaches 70%.

In the process of the invention described above, a
more preferred range for the monomer ratio (F) is F >
5.5.

As a result of still further research on copolymer

15 . reactions between a-olefins and DCPD including the

' reactivities of the catalyéts, the present inventors have
also found that the monomer reactivity varies
considerably depending on the type of metallocene used.
The present invention was completed upon the finding that

20 by controlling the composition ratio of the monomers in
the polymerization reaction system during the
polymerization based on the different monomer
reactivities with each catalyst, it is possible to obtain
o~olefin-cycloolefin copolymers having narrow range of

25 copolymer composition and high level of alternation; i.e.
having high chemical homogeneity.

The present invention, therefore, further provides a
process for producing c~olefin-cycloolifin éopolymers
comprising copolymerization of an a-olefin of 2 or more

30 carbon atoms with DCPD in which the polymerization is
carried out in the presence of a catalyst comprising at
least one metallocene of which the central metal is
titanium, zirconium or hafnium and at least one promoter
catalyst, while maintaining a mole ratio (F = [DCPD])/[a~

35 - olefin]) of the monomers in the reaction system within a

range which satisfies the following expression (II)



wherein R2 is a hydrogen atomor a saturated aliphatic hydr ocar bon

group of 1-16 carbon atons, and" (2) has a reduced viscosity [err]/c
which is in a range of 0.1-10 dl/g as neasured in a 0.5 g/dl toluene
solution at 35 30C. The present invention still further

provi des hydr ogenat ed-type [err]-ol efin-cycloolefin copolynmers with
enhanced’ | eveIWBPs’éﬂsg'br nati on which is obtainable by hRETEBesNaI6E on Of:- -
at | east 99% of the olefinically 40 unsat urat ed doubl e bonds in

copol yrmer (Y) (hereunder soneti mes refier+ed to as copol yner

(Y[err])). These . WD 98/ 33830

PCT/ JP98/ 00366 - 11 - copol yners
(Y[err]) may thus be t BELB2 WA BHF + r“)(ﬂ 4845¢i sts essential | y of r‘etp}éati ng
uni ts represent ed duringoyhehperfiold dwomgt hersndxas of ApetynierizaBien rgntil

(derr]) and (D ergld ‘conversion of the pchS'dddelOto the WHANRLRiER€Idd 1S a

hydrogen atom o 4 saturated.ali RIALLS, os, IR0 PRILAORR: ] 116

5 followed by hydrogeénation. Here, r, denotes a monomer
reactivity ratio of a-olefin relative to the DCPD and
represents the conversion of the a-olefin when the
propagating end of the copolymer during polymerization is
an a-olefin component.

10 The aforementioned process of the invention is
particularly suitable when the a-olefin is ethylene.
Also, it is preferred for the metallocene to be a
- metallocene whose central metal is zirconium and for the
promoter catalyst to be aluminoxane. It is equally
15 preferred for the metallocene to be a metallocene whose
central metal is zirconium and for the promoter catalyst
" to be an ionic boron compound.
Regarding the period during which the monomer ratio
" is to be maintained, the mole ratio (F) of the monomers
20 in the reaction system is preferably in a range which
satisfies expression (II) from the start of
polymerization until the conversion of the DCPD added to
the polymerization reaction system reaches 70%.
Brief Description of the Drawings
25 Fig. 1 is a 'H-NMR spectrum (400 MHz) of a DCPD
homopolymer obtained in Reference Example 1 using VOCl;-
Et,AlC1l as the catalyst. The measurement was made using
deuterated o-dichlorobenzene at 80°C.
Fig. 2 is a 'H-NMR spectrum (400 MHz) of an
30 ethylene~DCPD copolymer containing the DCPD component at
39% by mole, obtained in Reference Example 2 using VOCl;-
Et,AlCl as the catalyst. The measurement was made using
deuterated o-dichlorobenzene at 80°C.
Fig. 3 is a '"H-NMR spectrum (400 MHz) of an .
35 ethylene-DCPD copolymer containing the DCPD component at
39% by mole, obtained in Example 2 using isopropylidene-



15 [err] 20 25 wherein Rerr] is a hydrogen atomor a
saturated aliphatic hydr ocar bon group of 1-16 carbon atons, [err]
35 40 wherein nis 0 or 1; mis O or a positive integer of 1-3;
pis O0or 1; and Rerr]-Rerr] are the sane or different and each
represents a hydrogen atom a hal ogen atom an aromatic 45 hydr ocar bon
group of 6- 10‘%%? f0at oms or a sat urated al i phatic hydPSEEHM6Gr oup = -

of 1-12 carbon atonms, or R err]
- 15 -

(9-fluorenyl) (cyclopentadienyl) zirconium dichloride
[iPr(Cp)(Flu)ZrClz]-PMAO (polymethylaluminoxane) as the
catalyst. The measurement was made using deuterated o-
dichlorobenzene at 80°C.

5 Fig. 4 is a 'H-NMR spectrum (400 MHz) of an
ethylene~DCPD copolymer containing the DCPD component at
50% by mole, obtained in Reference Example 4 using
iPr(Cp)(Fl_u)ZrClz—PMAO as the catalyst. The measurement
was made using deuterated o-dichlorobenzene at 80°C.

10 Fig. 5 is a 'H-NMR spectrum (270 MHZ) of an
ethylene-DCPD copolymexr containing the DCPD component at
28% by mole, obtained in Reference Example 5 using
iPr(Cp)(Flu)ZrClz—PMAO as the catalyst. The measurement
was made using dueterated o-dichlorobenzene at 80°C.

15 ~ Fig. 6 is a 'H-NMR spectrum (270 MHZ) of a
hydrogenated copolymer derived from an ethylene-DCPD
copolymer containing the DCPD component at 45% by mole,
obtained in Example 21 usinj ethylene-bis(indenyl)
zirconium dichloride [Et{Ind),2rCl,;]~[(CeHs)3C] [B(CeFs)al

20 as the catalyst. The measurement was made using

 dueterated o-dichlorobenzene at 80°C.

" Fig. 7 is a 'H-NMR spectrum (270 MHZ) of a
hydrogenated copolymer derived from an ethylene-DCPD
copolymer containing the DCPD component at 43% by mole,

25 obtained in Example 22 using iPr(Cp)(Flu)ZrClz—

[ (CeHs)sC1 [B(CsFs)4]” as the catalyst. The measurement was
made using dueterated o-dichlorobenzene at 80°C.

Fig. 8 is a 'H-NMR spectrum (270 MHZ) of a
hydrogenated copolymer derived from an ethylene-DCPED

30 copolymer containing the DCPD component at 42% by mole,

' obtained in Example 23 using iPr(Cp)(Flu)ZrClz-
[ (CeHs)sC1 [B(CeFs);]” as the catalyst. The measurement was
made using deuterated o-dichlorobenzene at 80°C.
Fig. 9 is a 'H-NMR spectrum (400 MHz) of a
35 hydrogenated homopolymer derived from a DCPD homopolymer
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- 12 - and Rlerr] or Rerr] and R err] may together form an

al kyl i dene group, or Rerr] or Rerr] and Rerr] or Rerr] may form
together with the two carbon atons to which they bond, a ring which

may . be an_arommtic ring, 5 [err] 10
wherein q is gﬁo%ﬁsﬁer of 2-8, with conposition rati oBCHIPRR36G 1] ], = -

[Bl[err]], [CJerr]] and [Dierr]] which 15 - represent the nolar percents of
the respective repeating units (Alerr}d - (Blerr]), (derr]) and
(Dlerr]) being in ranges such that ([Alerr]] + [Blerr]])/([Cerr]] +

err = 95-99.9/0..1-5,. rl]l/ err = 0-. 39/,61; d
% B[[ er r% % 3 [Clerr]] °3"65§§$5%’5%%re§]ﬁ5°L I?)‘l’;xam‘:](%) thaging rvgg&&-zéaz zv?%(ggsa%?y
[err]/c which is itheacphalystf IThe mefsurerentl| wgs awadecasinagddeytaraged g/ dl

concent rat_i'o_n o-dtiehg,_leg@o@gleugi a0 @ged0[err] C _ The present
invention still furt heg,igroi/d des ay. wr sBLOSESS (L8b ﬂﬁg)d%c’g ng
[err]-ol efin-cycl ool efi i®topol’yners™ COMpr I d [

I'ng copol ymeri zi ng an
[err]-ol efinSf 2 hwdrggesated fepolsmer dargmedwfrom B@DBtgﬁl?h%-‘%ﬁPé’sehce of a
catal yst conpri si Rippolymer ddordt2dnlingNEnd el 86GHEheRt WRi B3 tile reaet r al
metal is U ALY ka2l £ GRIFYENOE Salip1dm A0k A VR3S e QREcPrAOL er
the catalyst. The measurement was made using deuterated
o-dichlorobenzene at 80°C.

10 Fig. 11 shows the relationship between the ratio of
the charged monomers and the composition ratio of the
polymer product for copolymerization reactions, as
determined for Reference Examples 5 and 6.

A: Curve representing the relationship between the

15 charged DCPD mole fraction [DCPD/(ethylene + DCPD)] and
the mole fraction of the DCPD component in the polymer
product, for copolymerization of ethylene and DCPD using
iPr(Cp)(Flu)ZrCl2 as the metallocene. B: Curve
representing the relationship between the charged NB mole

20 fraction [NB/(ethylene + NB)] and the mole fraction of
the NB component in the polymer product, for
copolymerization of ethylene and NB using
iPr(Cp)(Flu)ZrClz as the metallocene.

Fig. 12 shows the relationship between ethylene

25 pressure and ethylene solubility (mole fraction) in
toluene and DCPD at 40°C, as determined for Reference
Examples 7 and 8.

C: Line representing the relationship between the
ethylene pressure and ethylene solubility in toluene

30 (mole fraction, ethylene/(ethylene + toluene)) at 40°C.

D: Line representing the relationship between the
ethylene pressure and ethylene solubility in DCPD (mole -
fraction, efhylene/(ethylene + DCPD)) at 40°C.

Fig. 13 shows the relationship between the charged

35 DCPD mole fraction and the mole fraction of the DCPD
component in the polymer product for a copolymerization



catalyst, while maintaining a nole ratio (F) of the nmononers in the
reaction systemw thin a range which 30 satisfies the foll ow ng
expression (1) F = [dicycl opentadiene]/[[err]-olefin] > 4

() during the period fromthe start of polynerization until

the conversion of the DCPD added to the polynerization reaction

system reacheYQHB8W t h or without being 35 fol | owed by PGEIEIYNISE i on- = -

Wthin the scope of this production process, a preferred production
process is one in which the [err]-olefin - 17 -used is ethylene. It is
preferred for the central netal WO 98/ 33830

PCT/ JP98/ 00366 of the

) -13-,
metal | ocene to be ZPREHIANLREaRENYIRNSABAOPEED, as deterpinsd for, e
al um noxane. |t i BetexsrideyEpamples &d flbrand 11. the central netal of the

et al | ocene (0 be zi r oV ¢Wrd80representii BOTBIEEGAINY Hotl@ehorian | oni c
ratio PTG ¢ ocherRd RERPRBRL tacore (g (PEPTEY He BBREREFL ™"
in the reacti®n sysnertis molef Eratsiipn pafatheyRf@DnapEPonent in §hej sfies
P e polyiet oo FabHE oM on oous b curiapsmadhasaiiier,
p(r)ocesspof yt he i nv%ﬁ?‘? ounSLé‘é’syﬁ(bJCga'(g%%ﬁef&é as' e heldlocene. F: '
: . Curve representing the relationship between the charged .
DCPD mole fraction [DCPD/(ethylene + DCPD}](%) and the
10 mole fraction of the DCPD component in the polymer
product (%), for copolymerization of ethylene and DCPD
using Et(Ind),2rCl, as the metallocene. G: Curve
representing the relationship between the monomer ratio
[DCPD/(ethylene + DCPD))(%) and the composition ratio of
15 the DCPD component in the polymer product(%), for
copolymerization of ethylene and DCPD using
Me,Si(Ind),2xrCl, as the metallocene.
Fig. 14 is a plot between F’’/f’ and F’(£f’-1)/f’, by
the Finemann-Ross method, executed for Reference Examples
- 20 9, 10 and 11. Here, F' = ([ethylene]/(DCPD], and £’ =
ethylene component/DCPD component in the copolymer.
H: Line representing the relationship between Friee
and F’(f'-1)/£f’ for copolymerization reaction of ethylene
and DCPD using iPr(Cp)(Flu)ZrCl2 as the metallocene. I:
25 Line representing the relationship between F'?/£* and
F’(f'~1)/f’ for copolymerization reaction of ethylene and
DCPD using Et(Ind),ZrCl, as the metallocene. J: Line
representing the relationship between F’*/£' and Fr(f’-
1)/£f’ for copolymerization reaction of ethylene and DCPD
30 using MezSi(Ind)zZ;Cl? as the metallocene.
Best Mode for garryigg Out the Invention
The present invention will now be explained in
detail. |
Copolymer (X)
35 Cdpolymer (X) according to the invention consists
essentially of 0-39% by mole of an c-olefin component



nore preferred range for the nononer ratio (F) is F > 5. 5.

As a result of still further research on copol yner 15 reacti ons between
‘[err]-olefins and DCPD i ncl uding the reactivities of the catalysts,

t he present inventors have al so found that the nononer reactivity

varies | consi derably depending on the type of netall ocene used. .
The present i NRMWPH was conpl eted upon the finding that 20PCTJRI$00366. . - --:
controlling the. conposition ratio of the nononers in t he

pol yneri zation reaction systemduring the- 18 - polynerization based on the

di fferent nononer reactivities with each catalyst, it is possible to

obt ain [err]-ol efin-cycl ool efin copolyners having_nar nge of 25
copol ymer conposi tie8ReSRYt gﬁ'FEGe giﬁoéiqﬁegﬁﬁT? ;(ﬁ).gpg'éf&%dq%aVYng hi gh

cheni cal honpgeneiniole of a cyclool&fien praxponent nvepresentetnley dfhsr e, furt her

provi des a- Ro266%$nd Ootiu@duesng [err]-ol efin-cycloolifin copolyners
conpri sing copol yneri zati on of an ferr]-olefin of 2 or nore 30 car bon
atons with D in which the polynerization is carried out in the
presence of a catalyst conprising at I one netal |l ocene of which
the central netal is . titanium zi\rcgni um haf ni um and at | east one
pr onot er catalyst, while maintaining,a nole ratio (F = (A)

[DCPD])/[[err]- 35 olefin]) of the mon&ners in the reaction system
within a 10 range which satisfies the follow ng expression (I1)

WO 98/ 33830 wherein R' is a hydrogen atom or a sPREIfatRaB/x0GB66tic

- 14 hydrocarbon group of 1-16 carbon atoms. As saturated
aliphatic hydrocarbon groups there may be mentioned alkyl
groups of 1-16 carbon atoms, such as methyl, ethyl,

15 propyl and butyl.

20
(B)

25

wherein R? is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms. As saturated
30 aliphatic hydrocarbon groups there may be mentioned alkyl
groups of 1-16 carbon atoms, such as methyl, ethyl,
bropyl and butyl.
The repeating unit represented by formula (A) above
constitutes 0-39% by mole, preferably 1-38% by mole and
35 more preferably 5-35% by mole of all of the repeating
units. The repeating unit represented by formula (B}
above constitutes 61-100% by mole, preferably 62-99% by
mole and more preferably 65-95% by mole of the same.
Copolymer (X) has a reduced viscosity 7m,/c in the
40 range of 0.1-10 dl/g, and preferably 0.2-3 dl/g, at 30°C

in a 0.5 g/dl concentration toluene solution.

Copolymer (Y)



38/62 < F/(F + r[err]) < 48/52 (rn) during the
period fromthe start of polynerization until t he conversion of the
DCPD added to the pol ynerization reaction systemreaches 60% wth or
wi t hout being 5 foll owed by hydrogenation. Here, r[err] denotes a
nononer . reactivity ratio of [err]-olefin relative to the DCPD and

represents t heVOSHIHLi on of the [err]-ol efin when the RETIPMAIG6Ng ~ = ¢

end of the copolynmer during polynerization is an [err]-olefin
conmponent. 10 The af orementi oned proress of the invention is
particularly suitable when the [err]-olefin is ethylene. Also, it is
preferred for the netal |ocepne to be a . nmetal | ocene whose central netal
is zirconiumand for th&°POYMeL, (E)nperording o the WeREaRT ISRiEt S|t i s
equal ly 15 pr ef @ssedtiatly d mepedtioupmaits bepresertal| by ette whose
central netal is Zifol®8k iy agy}mmqgstbﬁ) M@yt «gé)cg,;@lébgt below. (O be an

i oni ¢ boron conpound. Regardi ng the perio uring which the
nmononmer ratiog is to be naintained, the nole ratio (F) of the nononers
20 in the reaction systemis prefera i nge whi ch satisfies
expression (I1) fromthe start of offynmeri zAtN on until the conversion
of the DCPD added to the pol yneri zati on re ction systemreachegsAy0%
Brief Description of the Draw ngs 25 RO Fig. 1is a[err]HNW
spect rum (408%H) of a DCPD honopol ynmer obtained i n Reference

Exanpl e 1 using VO@hpeeid-R' is a l’?&{xﬁ@é}xﬁé?ma)g taﬂleaea%aa&g(ﬁta.liﬁhetic[ |
measur enent was nmage  usin euf er ated _o-di chl orobepzene at 8Q[err]C.
Fig. 2is a [err]l-'l-g%ﬁ/gg%ap%: ii rlﬁo?ﬁo?)% %Fé)ﬁ SRTRAR F5omS - ot AT | TH -ﬁﬁ&ﬁ% | |
copol ymer cont ai ni Agiphet ICPydseapoPrmigraups thereg9mybhe nmentiomedaphieyll i n
Ref erence Exanpl e 3ruapsigpiV/@Chibecatbon atomskt §@6K |A GetAgl f hermgatal yst. The
measur enent S nma i deut er at ed o-di chl orobenzene at 80[err]C
Fig. 3is a \[Aigrr]l—l-gﬁlﬁﬁis;r)%& rbllfr;r?/%'ﬂfoo MHz) of an 35 et hyl ene- DCPD

copol ymer containing the DCPD conponent at 39% by nol e, obtained in
Exanpl e 2 using isopropylidene- -

20
(B)

25

wherein R’ is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms. As saturated
aliphatic hydrocarbon groups there may be mentioned alkyl

30 groups of 1-16 carbon atoms, such as methyl, ethyl,
propyl and butyl.

35

40 (C)

45
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- 15 - (9-fluorenyl) (cycl opent adi enyl) zirconiumdichloride
[(Pr(Cp) (Flu)zrd[err]]-PMAO (pol ynet hyl al um noxane) as the

catal yst. The neasurenent was nmade using deuterated o-

di chl orobenzene at 804 err]C. 5 Fig. 4 is a [err] HNVR spectrum
(400 MHz) of N
conponent at 50% by nol e, obtained in Reference Exanple 4 using
[err]Pr(Cp)(Flu)zZrd[err]-PMAO as the catal ot - The nmeasur enent was
made usi ng deuterated o-dichl orobenzene at 80[err]C 10 Fig. 5is

a [err] HNWR spectrum (270 NHZ et hyl co
cont ai ni ng the DCP EB%Hb ﬁt” 1; m 1550, 9y & °é”"§6 a’r’hteeé’pr gge; Bhence
Exanpl e 5 using prefeJFak(JQJp( Pk u} ZreClifse Or ?r%@ru’sll —Hb catealthet samtheor

measur ement dY8FerEHHe aHﬁ' Q&ﬁ%@p%@&ﬂ@'s Oa Ci-ly‘a% RbSOEENG Ah18RT 1] C
15 Fig. 6 1s ao%;ar )Pectrum 2 f 0a
hydrogenat ed copol §H&Ps Eﬂ‘aﬁ“i)rﬁ rogend ‘P’én%r"BQPB crbe8 Hhrs

cont ai ni ng t h& DCPbrcangonenritedt ona%mumateq allphatlgbhmMnbnnEgmnﬁ e 21

l[JSE![ ?? 3; Fy| e?; lé: [SGEng-]efW@arbon atorfd . rc[ggl H{.’&rﬁ’étﬁ@ iﬂﬁgggcarbon grou -
n err r err err rr err err er.,r
(6 (Tn ferr 201 Legern HE fer e L e Col e e L)

o- di chl or obenzene ats Eﬁérarlr lo@d naphthyl, andFtl@seN!asr he[%lrhﬁWNIVRds‘p’él’dt rum
(270 MHZ) of a an alkyl group of 1-3 carbon atoms such as methyl. As
10  saturated aliphatic hydrocarbon groups of 1-12 carbon
atoms there may be mentioned alkyl groups such as methyl
and ethyl and cycloalkyl groups such as cyclopentyl and
cyclohexyl. As unsaturated aliphatic hydrocarbon groups
of 1-12 carbon atoms there may be mentioned alkenyl
15 groups such as vinyl and propenyl.

Alternatively, R"” and R® or R™ and R may together
form an alkylidene group such as methylidene or
ethylidene, or R” or R™ and R™ or R*” may form, together
with the two carbon atoms to which they bond, a ring

20 which may contain at least one double bond or be an

aromatic ring.

25 ' (D)

(cHy)
q

wherein q is an integer of 2-8, preferably 2, 3 or 4.
30 The composition ratios of [A}, {B], [C) and [D]
which represent the molar percents of the respective
.repeating units (A), (B), (C) and (D) in copolymer (Y)
are as follows. :
(f{A) + (B1)/([C) + (D)) = 95-99.9/0.1-5, and
35 preferably 95-98/2-5. [A]}/([B} = 0-39/61-100, and
preferably 1-38/62-99. ([D}/{C] = 0-95/5-100, and
preferably 0-80/20-100.
Copolymer (Y) has a reduced viscosity n,/c in the

et hyl ene- DCPD copol yner contai ni ng t hECEpss/0e3ss. - = -



hydr ogenat ed copol ynmer derived from an et hyl ene- DCPD copol yner
contai ning the DCPD conponent at 43% by nole, 25 obt ai ned i n Exanple 22
using [err]Pr(Cp)(Flu)zZrderr]-

[(err]Herr]C[B((err]Flerr])[err]] as the catalyst. The neasurenent
was . made u5| ng dueterated o-dichl orobenzene at 80[err]C

Fig. 8is a [QY spectrum (270 MHZ) of a hydr ogBeEIRIS00366. - - -~

copol yrmer deri ved from an et hyl ene- DCPD 30 copol ymer containing the DCPD
conponent at 42% by nol e, obt ai ned-idl Exanpl e 23 using
[err]Pr(Cp)(Flu)zrd[err]- [(Cerr]Herr])Q[B(Cerr]Flerr])[err]]

as the catalyst. The sur.ement usi ng

o- di chl or obenzene %2R98 0%9 610 lyva ‘T—'fdg prﬁf?ggbel % Q lzl-ﬁlk%?espect rum (400
MHz) of a 35 hywasyeadt il ﬂ’l@ﬁépﬁ'“}’h@@@ﬂﬂéﬁﬂﬂ d’-ﬁ’ll&eDE:F‘E? W8#8BoP Y mer
WD 98/ 33830 30°C PCT/ JP98/ 00366

- 16 - .obt ai neg Suc@m%r §98ce EE_Z<arrpl e 1 using VOO [err]-Et[err] A CI
as t he catal yst. was nade usi ng deuterated
o-di chl orobeffizene at 88pe¥Tqikefins to be suppligd t@) the ROl¥PeTIZAYRNspect rum

(400 Mz) of a 5 reachydi ogfenriedos Ofitd \precedsr of athef Honeaniet hlegre- DCPD
copol ymer cont ai ni 9 Lhen ‘_[,% gngog it 2?% by Jg}lbgn atoms obtained in

Ref er ence Exanpl e usi ng err| err gﬁécat al yst. The
‘measur enent was nﬁd’@caﬁﬁ@l%lﬁt@i’éﬁéﬂ' propylgng; c]n‘lbd‘rt888nz ’%ﬁ“eSO?er r]cC.

methyl-l-pentene, l-octene, l-decene, l-dodecene, 1-

10 . tetradecene, l-hexadecene and l-octadecene. Ethylene and
propylene are preferred among these from the standpoint
of polymerization activity and molecular weight of the
polymer, ethylene being especially preferred from the
standpoint of molecular weight. These may be used alone

15 oxr in combinations of 2 or more.

The cyclic olefin used according to the invention is
DCPD, but if necessary for the properties of the polymer,
a cyclic olefin represented by the following general
formula (III) and/or (IV) may also be added to the

20 polymerization system in a small amount within a range
which does not prevent the object of the invention.

25

(111)
30

35

wherein n, m, p and R’-R* are as defined for formula (C).



10 Fig. 11 shows the relationship between the ratio of t he
charged nononers and the conposition ratio of the pol ymer product for
copol ynmeri zati on reactions, as : determ ned for Reference Exanples 5
and 6. A. Curve representing the rel ationship between the 15
charged DCPD nole fraction [ DCPD/ (et hyl ene + DCPD)] and the nol e

fracti on of tAEP¥EMconponent in the pol yner product ; PCTIP9BN036s - -. -

copol ynmeri zati on of ethylene and DCPD usi ng [err]Pr(Cp)(Flu)zrd[err]
as the nmetall ocene. B: Curve represengpng the rel ationshi p between

t he charged NB nol e 20 fraction [NB/ (ethylene + NB)] and the nole
fraction of the NB conponent in the polyner product, for :

copol yneri zation of ethylene and NB using Pr(Cp)(Flu)zrC [err] as the
met al | ocene. Fig. 12 shows Epe rel ationshi p between ethyl ene 25
pressure and ethylene solubility (nole acti g :;' in t ol uene and DCPD
at 40[err]C, @s determned for Reference Exanpl es 7 and 8. (IV)

C. Line representing the rel ationship bet t he et hyl ene pressure
and ethylene solubility in toluene 30 ¢ fraction, ethylene/(ethylene
+ toluene)) at 40[err]C D: Line representing the relationship

bet ween the whdPdi9Ng REess W iard E&pyﬂoelmﬁlaowpl lity in DCPD (nol e

fraction, g | ene/ (et hyl ene + 38)% rr % shows
the relation %I p betwe f’ﬁ'guﬁﬁa‘??; 3§y mé{iﬁﬁ. PR 1%k refeﬁ%’cgil% #3 ol e
fraction of the DOPDmole orciepprith raspért ol pher DGR MM PRor a
copol ynerizati on desirable.WD 98/ 33830
PCT/JP98/00366 According to the invention, a Kaminsky catalyst is
used. . As is well-known, Kaminsky catalysts comprise a
-15 metallocene and a promoter catalyst.

The metallocene used is preferably one represented

by the follow1ng general formula (V).

20 ' - ' R
| S
! R
:\R27
25 o \
R25

wherein M is a metal selected from the group consisting

% and R may be

30 of titénium, zirconium and hafnium.
the same or different, and each is a hydrogen atom, a
halogen atom, a saturated or unsaturated hydrocarbon
group of 1-12 carbon atoms, an alkoxy group of 1-12
carbon atoms or an aryloxy group of 6-12 carbon atoms;

35 R* and R” may be the same or different and each is a
monocyclic or polycyclic hydrocarbon group which can form
a sandwich structure with the central metal M; R” is a

bridge linking R** and R®”, such as



- 17 -

DCPD)] (%W 5
pol ymer pr oduct§O
[err] Pr(Cp) (FI

rel ati onshi p between the charged
DCPD)] (% and the 10

product (%99,

product (%, for

Me[err]Si(Indg[err
pl ot between F [err]|f’
execut ed for Referem® Exanpl es FOR" 9,
(et hyl ene] /[ DCPD] ,

and the nole fraction of the DCPD conponent

for copol ynerization of ethylene and DCPD
Et (I nd)2Zrd 2 as the netall ocene.
rel ati onshi p between the nononer
and the conposition r{z&ti 0 of 15 p28 bhe DCPD c

reaction of ethylene and DCPD, as determ ned for
Ref erence Exanples 9, 10 and 11.
rel ati onshi p between the

E: Curve representing the
charged DCPD nole fraction [ DCPDY (et hyl ene +
in the
, _for copolynerization of ethylene and DCPD usi ng
¥ as the metall ocene. F:
DCPD nol e fraction [ DCPD/ (et hyl ene +
nol e fraction of +he3DECPD conponent in the polyner
usi ng

representing the
[ DCPDY (et hyl ene + DCPD ) (%9

grent in the Ryl ymer

copol yneri atjl on of et hy| ene and DCPD usi ng

_]_ZJE_CL[err] as. et al | ocege-—gj— —Eigo—14 is a
and F (f] -Il)nlf' , by |, l,the Fi nemanf;,Ross met hod,
10 amd’ Rl Here, F R= ‘
et hyl ene conponent/ DCPD conponent in the

G Curve
rati o

and f' =

copol yner. _ H Line representing the relationship between

Flerr]/f' 10 and F'(f'-l)Ais' f age copol yneri zat pwn reggti on of ethylene
and DCPD using [err] Pr(Cp)(FI F) Zr(:querr] as the rrezallocqne. l: 25 Li ne
representing the relati onshj_pc_b_%mé_e_n Flerr]/f' —gpdgog—si—F (f'-21)/f" for

copol yneri zation reaction of
Et(Ind)[err]ZsC [err] as the rEtal IRdtene. J:
rel ati onship between F [err]/f"’

reaction of ethylene and DCPD 30

t he netal |l ocene.

t hyl gne and DCPD usi nf 3

b Li ne R” ngbresenting t he

and F (f'- 1)/f' for copolynerization
using Me[err]Si(Ind)[err]ZrC[err] as

,s Best Mode forafarrying @t the Invention :

Curve repPEHEABNNES (he +

The present jnventi will now b%,- e>§’p| ai ned i detail.
Copol yner (X3° . . .
poly —8i— ——?J_—Tl— —? i—0— —0—
|
rR® R® RM , R? , ,
25
—5— —5— —S0,— —C—
, | i
30 O 7 r O !
28 R2 r%® r%
35 | l I I
—N— —B— —P— or —P—
I
0O
40
where R¥®-r* may be the same or different, and each is a
hydrogen atom, a halogen atom, a saturated or unsaturated
hydrocarbon group of 1-12 carbon atoms, an alkoxy group
of 1-12 carbon atoms or an aryloxy group of 6-12 carbon
45 atoms, or alternatively R and R® or R and R’ may form

a ring.
The central metal M of the metallocene represented
by formula (V) above is most preferably zirconium from

2 7
the standpoint of catalyst activity. R® and R’ may be



35 Copol ynmer (X) according to the invention consists

essentially of 0-39% by nole of an [err]-ol efin conponent WO

98/ 33830 PCT/ JP98/ 00366

- 18 - represented by the followng formula (A) and 61-100% by

nol e of a cycl ool efin conponent represented by the follow ng formul a
(B). 5 WO 98/33830 ' - PCT/JP98/00366  _ - --
(A 10 wherein R err] is a hydrogen atomor a saturated aliphatic

hydr ocarbon group of 1-16 carbon atons. As spt-urated al i phatic

hydr ocar bon groups there may be nentioned al kyl groups of 1-16 carbon
atons, such as nethyl, ethyl, 15 propyl and butyl. | 20

(B) either the same or different, and edch is preferably an

alkyl group of 1-6 carbon atoms or a halogen atom
(especially chlorine). As preferred cyclic hydrocarbon
groups for R* and R” there may be mentioned

5 cyclopentadienyl, indenyl and fluorenyl. These may be
substituted with hydrogen atoms, alkyl groups such as
methyl, ethyl, isopropyl or tert-butyl, phenyl groups or
benzyl groups. R®=R’ are preferably hydrogen atoms,
alkyl groups of 1-6 carbon atoms or phenyl groups, and as

10 preferred candidates for R® there may be mentioned lower
alkylene groups such as methylene, ethylene and
propylene, alkylidene groups such as isopropylidene,
substituted alkylene Qroups such as diphenylmethylene,
silylene groups and substituted silylene groups such as

15 dimethylsilylene and diphenylsilylene.

The following compounds may be mentioned as
metallocenes having zirconium as the central metal M.

Dimethylsilylene-bis(l-indenyl)zirconium dichloride,
diphenylsilylene-bis(1l-indenyl)zirconium dichloride,

20 dibenzylsilylene-bis(l-indenyl)zirconium dichloride,
methylene-bis(l-indenyl)zirconium dichloride, ethylene-
bis(l-indenyl)zirconium dichloride, diphenylmethylene-
bis(l-indenyl)zirconium dichloride, isopropylidene-bis(1-
indenyl)zirconium dichloride, phenylmethylsilylene-bis(1-

25 indenyl)zirconium dichloride, dimethylsilylene-bis[l-
(2,4,7-trimethyl)indenyl} zirconium dichloride,
diphenylsilylene-bis{1-(2,4,7-trimethyl)indenyl]
zirconium dichloride, dibenzylsilylene-bis[1-(2,4,7-
trimethyl)indenyl] zirconium dichloride, methylene-bis(1-

30 (2,4,7-trimethyl)indenyl} zirconium dichloride, ethylene-
bis{1-(2,4,7-trimethyl)indenyl] zirconium dichloride,
diphenylmethylene-bis{1-(2,4,7-trimethyl)indenyl]
zirconium dichloride, isopropylidene-bis[1-(2,4,7-
trimethyl)indenyl] zirconium dichloride,

35 phenylmethylsilylene-bis{1-(2,4,7-trimethyl)indenyl)
zirconium dichloride, dimethylsilylene-bis[1-(2,4-



25 wherein R2 is a hydrogen atomor a saturated aliphatic

hydr ocar bon group of 1-16 carbon atons. As saturated 30 aliphatic

hydr ocar bon groups there may be nentioned al kyl groups of 1-16 carbon
atonms, such as nethyl, ethyl, propyl and butyl . The
repeating unit resented by fornula-(A) above constitutes 0-39% by
nol e, prefer&'ﬁ‘l99’3§33‘88% by nole and 35 = nore preferably 5-EROWPI0NG] ¢ of - -1
all of the repeating units. The repeating unit represented by formula
(B) above constitutes 61-100% by mol2s, -preferably 62-99% by

nol e and nore preferably 65-95% by nole of the sane. Copol yner

(X) has a reduced viscosity [err]/c in the 40 n dl /g, and

g
preferably 0.2-34d él’l“?U‘Y]dtm%[‘léH]@rCOm“’“lﬂl‘a‘]@rﬁdﬁfdg B’b‘?‘fﬁ’éﬁt"i tevs
t ol uene sol uti onbis{1-(2,4-dim&ohyl JimelenfY) zirconium dichNYRRE33830

PCT/ JP9/ 00366 Renzyls;l lene-bis[1-(2,4- dlmeﬁﬂiljlndenyl] 21rco§D@@|ynEr

(Y) according to the 1'nvention consists

dichloride, methylene- blS[l (2,4-dimethyl)indenyl]

:5 zirconium dichloride, ethylene-bis([1-(2,4-
dimethyl)indenyl] zirconium dichloride,
diphenylmethylene-bis[1-(2,4-dimethyl)indenyl] zirconium
dichloride, isopropylidene-bis[l-(2,4-dimethyl)indenyl]
~zirconium dichloride, phenylmethylsilylene-bis[l—(2,4-

10 dimethyl)indenyl] zirconium dichloride, dimethylsilylene-.
bis[1-(4,5,6,7-tetrahydro)indenyl] zirconium dichloride,
diphenylsilylene-bis{1-(4,5,6,7-tetrahydro)indenyl)
.zirconium dichloride, dibenzylsilyléne-bis[l—(4,5,6,7-

~ tetrahydro)indenyl] zirconium dichloride, methylene-

15 bis{1-(4,5,6,7-tetrahydro)indenyl] zirconium dichloride,
ethylene-bis[1-(4,5,6,7-tetrahydro)indenyl] zirconium
dichloride, diphenylmethylene-bis({1-(4,5,6,7-
tetrahydro)indenyl) zirconium dichloride, isopropylidene-
bis{1-(4,5,6,7-tetrahydro)indenyl] zirconium dichloride,

20 phenylmethylsilylene-bis(1-(4,5,6,7-tetrahydro)indenyl]
zirconium dichloride, dimethylsilylene-(9-
fluorenyl) (cyclopentadienyl) zirconium dichloride,
diphenylsilylene-(9-fluorenyl) (cyclopentadienyl)
zirconium dichloride, dibenzylsilylene-(9-

25 fluorenyl) (cyclopentadienyl) zirconium dichloride,
methylene-(9-fluorenyl) (cyclopentadienyl) zirconium
dichloride, ethylene-(9-fluorenyl) (cyclopentadienyl)
zirconium dichloride, diphenylmethylene-(9-
fluorenyl) (cyclopentadienyl) zirconium dichloride,

30 isopropylidene-(9-fluorenyl) (cyclopentadienyl) zirconium
dichloride, phenylmethylsilylene-(9-~
fluorenyl) (cyclopentadienyl) zirconium dichloride,
dimethylsilylene~-(9-fluorenyl)[1-(3-tert-
butyl)cyclopentadienyl} zirconium dichloride,

35 diphenylsilylene~(9-fluorenyl)(1l-(3-tert-
butyl)cyclopentadienyl] zirconium dichloride,
dibenzylsilylene-(9-fluorenyl)[1-(3-tert-



essentially of repeating units represented by the foll owi ng fornmnul as

(A, (B), (O and

(D) bel ow. 5

(A 10 wherein Rlerr] is a hydrogen atomor a saturated aliphatic

hydr ocar bon group of 1-16 carbon atons. As saturated al i phatic

hydr ocar bon gr S there may be nentioned al kyl groups of 1-16 carbon
‘atons, such a ethyl, 15 propyl and butyl. 20 PRCTAJP98/00366 - - --.

'(B) [err] 25

wher ei n R[err] is a hydrogen atomor a saturated

~al i phatic hydr ocar bon group of 1-16. cagbon atons. As saturated
al i phatic hydrocarbon groups there may be nentioned al kyl 30 groups of

1-16 carbon at ons,

10

15

20

25

30

35

such as_nethyl, ethyl, propyl and butyl
utyl}cyclopentadlenyl¥ zxrconlum dichloride, méethylene-

(9~fluorenyl)[1-(3-tert-butyl)cyclopentadienyl] zirconium
dichloride, ethylene-{(9-fluorenyl)([l-(3-tert-

butyl )cyclopentadienyl] zirconium dichloride,
diphenylmethylene-(9-fluorenyl)[1l-(3-tert-
butyl)cyclopentadienyl) zirconium dichloride,
isopropylidene-(9~fluorenyl)[1l-(3-tert-
butyl)cyclopentadienyl] zirconium dichloride,
phenylmethylsilylene~(9-fluorenyl)[1l-(3-tert-
butyl)cyclopentadienyl] zirconium dichloride,
dimethylsilylene~(9-fluorenyl){1-(3~
methyl)cyclopentadienyl] zirconium dichloride,
diphenylsilylene~(9-fluorenyl)[1-(3-
methyl)cyclopentadienyl] zirconium dichloride,
dibenzylsilylene~(9-fluoxenyl)[1-(3-
methyl)cyclopentadienyl) zirconium dichloride, methylene-
(9~fluorenyl)[1-(3-methyl)cyclopentadienyl] zirconium
dichloride, ethylene-(9-fluorenyl)[1-(3-
methyl)cyclopentadienyl] zirconium dichloride,
diphenylmethylene-(9-fluorenyl){1-(3-
methyl)cyclopentadienyl] zirconium dichloride,
isopropylidene-(9-fluorenyl){1-(3-
methyl)cyclopentadienyl) zirconium dichloride,
phenylmethylsilylene-(9-fluorenyl)[1-(3-
methyl)cyclopentadienyl] zirconium dichloride,
dimethylsilylene-(9-(2,7-di~-tert-
butyl)fluorenyl](cyclopentadienyl) zirconium dichloride,
diphenylsilylene-{9-(2,7-di-tert- '
butyl)fluorenylj(cyclopentadienyl) zirconium dichloride,
dibenzylsilylene-[9-(2,7-di-tert-
butyl)fluorenyl](cyclopentadienyl) zirconium dichloride,
methylene-[9-(2,7-di-tert-
butyl)fluorenyl](cyclopentadienyl) zirconium dichloride,
ethylene-{9-(2,7-di-tert-
butyl)fluorenyl](cyclopentadienyl) zirconium dichloride,
diphenylmethylene-{9-(2,7-di-tert-
butyl)fluorenyl)(cyclopentadienyl) zirconium dichloride,



WD 98/ 33830 PCT/ JP98/ 00366

- 20 - wherein nis 0 or 1; mis O or a positive integer of 1-3,
preferably O or 1; pis O or 1; and R3-R22 are the sane or di fferent
and each represents a hydrogen atom a hal ogen atom an aronmatic
hydr ocar bonwgw%s‘gf 6- 10 carbon atoms 5 or a saturated or unsatur
al i phati ¢ hydrocarbon group of 1-12 carbon atons. PRIRe35¢
hydr ocar bon groups of 6- 10 carbon atons there nmay be nentioned aryl
groups such . as phenyl and naphthyl 27and these may be substituted with
an al kyl group of 1-3 carbon atons such as nethyl. As 10 sat ur at ed

al i phatic hydro QQE . _f_1-12,¢c¢ n atons there may be
nment i oned al 'kylfgé ou gQéggﬁéa@ r%t’%y?faég.& and et hyl and cycl oal kyl groups
such as cycl opeb#tyl)ddgorenyl] (Gy6ﬂeﬁé&9q4lewldln§h’€qj?fﬁ-ﬁ‘§‘dd%¥%ﬂfaﬂea :

hydr ocar bon gr opixnylmethydéilllbhecfdbon, Bidinkekbere may be nenti oned

err) ang, o PEAED AR AR MR, pprsonion sipp i Vel
al kyl i dene® gr oup e 1541 ¥R (ladAderyl) (cyclopeniadigend) BETIQUENM of

R err] and R| erdichdroxriRdes rdiphenylleihyldregdither with the two carbon
atoms to which {henA9Rdycfoddrit@dd?lny1) WicBnfBy £AHiBIFRa8] | east one,
?E;ble bond or £§%é¥;ylsilyléﬂggq%tkgféﬁiﬁ%(cyclggenﬁﬁﬂéggyﬁ)qz}gfgﬂ%upnteger of
'2-8, preferabl ydixhldrided mgthylene-(1-ifidenyd)porst kdpentadieaslof [A], [B], -
[C and [ zircddich aepiesqat,tdenyidral (percents of the respective
repeating unltSiéégdylg?Lycféaeﬁ%ggiggglf'%f%%ggk &mﬁiéggkride,

diphenylmethylene-(1-indenyl)(cyclopentadienyl) zirconium

ated _ .

dichloride, isopropylidene-(l-indenyl) (cyclopentadienyl)
zirconium dichloride, phenylmethylsilylene-(1l-

15 indenyl) (cyclopentadienyl) zirconium dichloride,
dimethylsilylene-bis(cyclopentadienyl) zirconium
dichloride, diphenylsilylene-bis(cyclopentadienyl)
zirconium dichloride, dibenzylsilylene-
bis(cyclopentadienyl) zirconium dichloride, methylene-

20 bis(cyclopentadienyl) zirconium dichloride, ethylene-
bis(cyclopentadienyl) zirconium dichloride,
diphenylmethylene-bis{cyclopentadienyl) zirconium
dichloride, isopropylidene-bis(cyclopentadienyl)
zirconium dichloride, phenylmethylsilylene-

25 bis(cyclopentadienyl) zirconium dichloride,
isopropylidene~(l-indenyl)}{1-(3-tert-
butyl)cyclopentadienyl] zirconium dichloride,
isopropylidene-(9-fluorenyl)[1-(3-
isopropyl)cyclopentadienyl] zirconium dichloride,

30 isopropylidene~[1-(2,4,7-
trimethyl)indenyl ] (cyclopentadienyl) zirconium
dichloride, ethylene-(cyclopentadienyl)f{l-(3~tert-
butyl)cyclopentadienyl] zirconium dichloride, ethylene-
(cyclopentadienyl)[1l-(3-phenyl)cyclopentadienyl)

35 zirconium dichloride, isopropylidene-(9-
fluorenyl) (cyclopentadienyl) zirconium dibromide,
dimethylsilylene-bis(l-indenyl) zirconium dibromide,



are as foll ows. ([A] +[B])/([C +[D]) = 95-99.9/0.1-5, and 35

preferably 95-98/2-5. [A]/[B) = 0-39/61-100, and preferably

1-38/62-99. [D/[C] = 0-95/5-100, and preferably 0-80/20-100.

Copol ynmer (Y) has a reduced viscosity [err]/c in the WO 98/ 33830

PCT/ JP98/ 00366‘)& 3 - 21 - range of
0.1-10 dl /g, a gyﬂ?g?aerabl y 0.2-3 dl/g, as measur ed i nPETIPIBORGG| - - --:
concentration tol uene solution at 30[err]C. Pr oducti on

process 5 As [err]-olefins to be sugBl+ed to the polynerization
reaction systemfor the process of the invention there may be

mentioned [err]-ol efins of 2- cal bon at . .specifically.ethyl ene,
propyl ene, 1-but en%{"hﬁq—eﬁ'@igﬁg??ﬁp enyri)mﬁglfr%ylz-lffzﬁgﬁ't' ne e ?@8 écrll%’,

1-decene, 1-dodecene, B®s pgrticylanlyjeseferred mekadteesnesy3§cerdtradecene.
Et hyl ene and t e OitlcRREoAT Ehdifee nak! BE rdAYignbhesseogropyiibenst gndpoi nt

o POLITLL 241 00 BEidiA i OF ALt ) S Shsb s snacr B VT

et hyl ene being especi a oi nt_of nolecul ar
wei ght. TheseS may BiPhrrgdmgrbrtenss (9-fiporenylodSyRAPPIHETE YL dr nore.
The cyclic ol efi n psetbrAeamoditNpiciel, hesopwepitliidenes(9-fluorBolyD) [ but3~ f
necessary for the H@éﬂ?¥¥é§%§oﬁéné4&ia39&¥n?{rconium dichloride,
isopropylidene~{9-fluorenyl)[1l-(3~text-
butyl)cyclopentadienyl] zirconium dichloride,

10 isopropylidene-(1—indeﬂyl)(cyclopentadienyl) zirconium
dichloride, dimethylsilylene-bis(l-indenyl) zirconium
dichloride, ethylene-bis(l-indenyl) zirconium dichloride
and isopropylidene-bis(1l~indenyl)} zirconium dichloride.

The concentration of the metallocene will generally

15 be determined depending on its polymerization activity,
but it may be desirable to use it at a concentration of
10™° to 107 moles, and preferably 107 to 10~ moles to 1
mole of DCPD, based on the DCPD added to the
polymerization'reaction system.

20 The orxganic aluminum oxide compound aluminoxane is
preferred for use as the promoter catalyst. Examples of
aluminoxane may be given as general formula (VI) below
for linear structures and as general formula (VII) below

2 e

36

for cyclic structures.
25
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a cyclic olefin represented by the foll ow ng general formula (111)

and/or (IV) may al so be added to the 20 pol yneri zation systemin a snal
anount within a range whi ch does not prevent the object of the
i nventi on. 35 wherein n, m p and Rlerr]-Rerr] are as
defined for formul a QCD._ WO 98/ 33830 )
PCT/ JP98/ 00366W0 98/33830 . 22 - [err] BCTUPSBA03GE  _ - -
- 29 -
) /oﬁ Al \
5 L“ (VII)
m+2
10 In formulas (VI) and (VII), R>-R* may be the same

or different, and each is an alkyl group of 1-6 carbon
atoms such as methyl, ethyl, propyl or butyl, a phenyl
group or a benzyl group, being preferably methyl or ethyl
and especially methyl. Letter m represents an integer of

15 2 or greater, and preferably an integer from 5 to 100.

Aluminoxane may be produced by a conventionally
known process, such as reaction of a compound containing
absorbed water-or a salt confaining water of
érystallization (for example, copper sulfate hydrate)

20 with an organic aluminum combound such as
trialkylaluminum, in an inert solvent (such as toluene).
The aluminoxane may also contain a small amount of an
organic aluminum compound résulting from the production
process. '

25 The aluminoxane can be used to activate the
metallocene for polymerization activity. The metallocene
is activated in solution, preferably by dissolving the
metallocene in a solution of the aluminoxane. The
solvent used for this activation is preferably an

30 aliphatic hydrocarbon or aromatic hydrocarbon, with
toluene being particularly preferred. The activation of
the metallocene with the aluminoxane is usually carried
out before its use in the polymerization reaction, and
the time spent for the activation is from one minute to

35 10 hours, preferably from 3 minutes to one hour. The
activation is accomplished in a temperature range of from
~40 to 110°C, and preferably from 0 to 80°C.

The concentration of the aluminoxane solution is not
particularly restricted within a range from 1% by weight



wherein q is as defined for fornula (D). 10 An amount of 10% by nol e

or less, and preferably 5% by nole or less with respect to the DCPD

may be desi rabl e. According to the invention, a Kam nsky

catal yst is used. As is well-known, Kam nsky catal ysts conprise a 15

met al | ocene and a pronoter catal yst. : The nmetal | ocene used is
preferably one¥ ff%@g‘bnt ed by the foll owing general for RGFAPBAOP66 20 = ---
R [err] wherein Mis a netal selected fromthe group

consi sting 30 of titanium zirconiumand @f-nium R err] and Rl err] may

be the sane or different, and each is a hydrogen atom a hal ogen
atom .a saturated or unsaturat ed hydrocarbon car

atons, an al koxy droipeofaturprion lipykhdmtadbnks ot-freéﬁrE??IB‘?(gbegrsan

6- 12 carbon at ons;byBweight er rheardt ) esf [thenwlbwiddrareane thedi fferent and

each is a - THRABIShEED": 3bY €Y 20 Codaqug@r by graue-abirhoeasof orm

a sandw ch struct “reo‘ﬁ‘” }nglesh t%ent ne. e the meﬂl.{or ene An amount of
'

5 aluminoxane which is too small with respect to the
metallocene is undesirable because sufficient
polymerization activity cannot be achieved. Conversely,
an amount of aluminoxane which is too large is
uneconomical despite higher polymerization activity,

10 since more of the expensive aluminoxane is used, while it
is also undesirable because it renders purification after
polymerization more difficult.

Ionic boron compounds may be mentioned as promoter

_ catalysts which are suitable for use in addition

15  aluminoxane. Specifically, ionic boron compounds are
compounds represented bj the following general formulas
(VIIT) to (XI).

(R*%C) [BRY,) (VIII)

(R*NH, ] [BR®,]” (IX)
20 (R*,PH,_] [BR”,} (X) .

Li*(BR",]" (XI)

Each R”® in formulas (VIII) to (XI) is the same or
different, and represents an aliphatic hydrocarbon group
of 1-8 carbon atoms or an aromatic hydrocarbon group of
25 6-18 carbon atoms. Each R’ is the same or different and
represents an aromatic hydrocarbon group of 6-18 carbon
atoms. Letter x is 1, 2, 3 or 4.
As examples of R*® in the ionic boron compounds
represented by formulas (VIII) to (XI) above there may be
30 mentioned alkyl groups such as methyl, ethyl; propyl and
butyl, and aryl groups such as phenyl. As R> there are
preferred fluorinated and partially fluorinated aromatic
hydrocarbon groups, among which pentafluorophenyl is
particularly preferred. 1t is preferred for x to be 3.
35 As specific compounds there may be mentioned N,N-
dimethylanilinium-tetrakis(pentafluorophenyl) borate,
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trityl-tetrakis(pentafluorophenyl) borate and lithium-
tetrakis(pentafluorophenyl) borate.

The ionic boron compound serves to stabilize the
metallocene which has been converted to a cation, and
therefore the use of an appropriate alkylating agent for
initial cationization of the metallocene is preferred
from the standpoint of smoothly promoting polymerization.
As preferred alkylating agents there may be mentioned
alkyllithium compounds and alkylaluminum compounds,
specifically methyllithium, butyllithium,
trimethylaluminum, triethylaluminum, triisobutylaluminum
and tri-n-butylaluminum.

The ratio of the ionic boron compound to the
metallocene may be 0.5-10 moles, preferably 0.8-3 moles
and more preferébly 0.9-1.5 moles of the ionic boron
compound to 1 mole of the metallocene. The alkylating
agent is used at 2-500 moles to 1 mole of the
metallocene. The amount of ionic boron compound required
with respect to the metallocene is vastly reduced as
compared with using aluminoxane as the promoter catalyst,
while the catalytic activity also tends to be higher. .It
is therefore possible to minimize the amount of the
metallocene and promoter catalyst, thus providing a major
advantage in terms of cost and in terms of purification
atter polymerizatidn.

These promoter catalysts are generally used either
directly or in the form of solution in a hydrocarbon
solvent (such as toluene), as already mentioned, but they
may also be supported on a carrier for use. Suitable
carriers include inorganic compounds such as silica gel
and alumina, and fine polyoléfin powders of polyethylene,
polypropylene and the like.

According to the invention, the polymerization
reaction is normally carried out using a hydrocarbon
solvent. The hydrocarbon solvent dissolves not only DCPD
and the a-olefin but also the resulting polymer. The
hydrocarbon solvent dissolves the catalyst used and does



40 where R err]-Rerr] my be the sane or different, and each is a
hydr ogen atom a hal ogen atom a saturated or unsaturated hydr ocar bon
group of 1-12 carbon atomns, an al koxy group of. 1-12 carbon atons or
an aryloxy group of 6-12 carbon 45 atons, or alternatively R err] and

‘Rerr] or Rerr] and Rerr] my form : a ring. The central
metal Mof th mo

preferably zirconiumfrom t he standpoi3nt- of catal yst activity.
Rlerr] and Rl err] may be
not deactivate the catalyst. Specific examples are
aliphatic hydrocarbons such as pentane, hexane, octane
and decane, alicyclic hydrocarbons such as cyclopentane,
cyclohexane and cyclooctane, and aromatic hydrocarbons
5 such as benzene, toluene and xylene. In terms of the
solubility of these raw matefials, the resulting polymer
and the catalyst, preferred among these hydrocarbon
solvents are aromatic hydrocarbons, among which toluene
is especially preferred for use. Depending upon the
10 catalyst, however, cyclohexane is also preferably used.
'H-NMR spectrum analysis'has shown that ethylene-

- DCPD copolymers obtained with Kaminsky catalysts contain
virtually no chains of the DCPD component. As already
mentioned, vanadium.eataiyste can give ethylene-DCPD

15 copolymers with any de51red proportlon of the DCPD

' component; Fig. 1 and Plg 2 show 'H-NMR spectra of a
DCPD homopolymer and an ethylene-DCPD copolymer
containing 39%-by mole of the DCPD component, obtained
using vanadium catalysts.

20 Fig. 3 anq Fig. 4 show 'H-NMR spectra of an
ethylene-DCPD copolymer containing 39% by mole of the
DCPD component and an ethylene-DCPD copolymer containing
50% by mole of the DCPD eomponent, obtained using

- Kaminsky catalysts. |

25 From the homopolymer spectrum in Fig. 1 it is seen
that a broad alkyl group signal is observed near 0.6-3.4.
ppm when DPCD component linkages are produced. From the
copolymer spectrum in Fig. 2 it is seen that the broad
signal still appears, overlaid with sharp signals, even

30 though the DCPD component mole fraction is 39% by mole,
namely much less than 50% by mole. .

In contrast, with a copolymer having the same

composition ratio obtained using a Kaminsky catalyst
(Fig. 3), virtually no broad signal appears, as can be

35 seen from the deep valley (gaps) in the signal around
1.85 ppm. The same was found with the copolymer

bocene represented by fornula (V) BEHWRBPB6GHgt- = -
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- 24 - . either the sane or different, and each is preferably an
al kyl group of 1-6 carbon atons or a hal ogen atom (especially
chlorine). As preferred cyclic hydrocarbon groups for R err] and
Rlerr] .there_may be nentioned 5 cycl opent adi enyl , i ndenyl and L
fl uorenyl . M@smy be substituted with hydrogen atRSFTP&Q0REs - - --:
groups such as met hyl, ethyl, isopropyl or tert-butyl, phenyl groups
or benzyl groups. Rerr]-Rerr] area3referably hydrogen atons,

al kyl groups of 1-6 carbon atons or phenyl groups, and as 10 preferred

candidates for Rlerr] . there nmay be nentiaqned | ower al kyl ene groups
such as et hyl ené’,"né%ﬁﬁ’@né:h&néaxm-‘m % 3B§I’é¥|é“\,l°\%ﬁ RFI FB%n%C%Jr oups such as

i sopropyl i dene, componenihs(tFiigut &4l- al kyl ene groups such as

di phenyl nethyl ene,  on trd loghe8RensiPURE 2890c BadS trinakt e Stdpd19RBr 6 PUPS

such as 15 dlﬁﬁthégéé%ﬁ@ gne agqoché%h%n¥IS|l I ene. . ie a.co Tpe

fol |l owi ng conpou g ? e NETongy gtains, °3° dCehs ha&Pﬁﬁ $1¥ coni um

as the centBal nediprppting polymer, [ipkepes s¢f \Ated@agt stvo | aRiddphPRs r coni um

gl (t:)hl or: del, I e;ﬁ.ypﬁﬁl)ﬂcﬁiplolyl)éﬂﬂ%rmﬁ(.l- gﬁdﬁ?ﬁﬁﬂi,rge%wmﬁmﬁl oride, 20 :
i benzyl si ene-hi -ir oni u | orj de

met hy! Yne. biys(l- ifﬁa‘ggiﬁ’} zq’udff%‘ﬁu é%‘g’%i"lc‘l‘*n‘ﬁpowf‘%g,*set e%l‘%ﬁ"e"?d' not opl¥Y 1-indenyl

) zi rconi um di chl dinkegesiigfhéng| rERRANeanits but iHlsp1l ineRIRA L EBBRR um '

di chl ori de, isopoepybisastyilientlunits arel DAGVYIaAy’ pooduredl Cllfothde,

h | et h i1yl i .. 25 i ' R i '
Gi et hyl si ?ibf'enéf*%?%%é_(“]"“% 13 AR, A B hE08 Phlrflvorabie
dichloride,  STH#f S EPPPERRL are. produded. | RBEHYIIY Moy ]

zi rconi um di chl onndersthdsefzphsthy | '@nEMBi sfettfBndof-a copolymer in
LrTPELhyl ) ndenyloh; 4 rORNHEBHIEGROHdC 1 TELAN 328 B 538 P mole,
(2,4,7-tr|nethylllndgﬁgﬁ? Zl rconi n1éﬁcﬁfor|de, ethyFene-
bi s[1- (2, 4, 7- tri fre€hy| S EEAYLENS | FEBONERT di T HBRdRSd at 72% by mole,
di phenyl netitBy| enasbslsdvin (i2, #id-t 31 ndthey kpedciehany lhas a sharp and strong
peak around 5 1.3 ppm assighable to a linkage of multiplé
continuous ethylene units. Contrary to this, the
copolymer obtained in Reference Example 2 exhibits no
peak assignable to a linkage in the form of an ethylene -
20 component block as shown in Fig..S, despite that the
polymer contains the ethylene component at 61% by mole.
As clearly seen from the above, as the measure for
evaluating the enhanced level of alternation of the
copolymer of the present invention, there may be adopted
25 a measure corresponding to the linkage between the DCPD
component units and a measure corresponding to the
linkage in which the ethylene component units are linked
together in a block form. As the former measure, a ratio
(H;.95/Hs 95) of the intensity (H, ;) of the valley at (&
30 1.85 ppm to the intensity (H; ,) of the peak at & 3.05
ppm in the 'H-NMR spectrum thereof is preferably
enployed. This is because one of the highest peaks of a
copolymer consisting exclusively of DCPD-DCPD linkages
which cannot be obtained by the process of the present
35 invention but can be obtained using a Ziegler-Natta
catalyst is just located in the valley at & 1.85 as shown



zirconiumdichl oride, isopropylidene-bis[1l-(2,4,7- trinmethyl)indenyl]
zirconiumdichl oride, 35

phenyl et hyl si |l yl ene-bi s[1-(2,4, 7-trimethyl)indenyl] zi rconi um
di chl ori de, dinethylsilylene-bis[1-(2, 4- WD 98/ 33830
PCT/ JP98/ 00366 - 25 -

di met hyl )i ndenWO%83388%0ni um di chl ori de, di phenyl silylene- - BCT/JPIBA0366 .- - --:

bi s[ 1- (2, 4-di met hyl )i ndenyl] zirconi um di chl ori de,

di benzyl si |l yl ene-bi s[ 1- (2, 4-di et hyl )i ndenyl 34 zi rconi um di chl ori de,
met hyl ene-bi s[1- (2, 4-di nethyl )i ndenyl] 5 zi rconi um di chl ori de,
et hyl ene-bi s[ 1- (2, 4- di net hyl )i ndenyl] zirconiumdichlorid
di phenyl net hyl ene- BitsFig¢ 21 4- AT EPHTES i RINSR Fhei Yalbhevuds sand W’tﬁq‘teﬁl ori de,

i sopropyl i dene- bi s[blet(n%ed dmmdj)ﬁb)anﬂo@mdrﬂg peaks, zitt denafifecitedhlgri de,
phenyl nmet hyl si | yl e g g{,i hul denyll;gi ELHYLUBE o
di chl ori de, dinet hy [Lcy%%snéa% Thl"gef)or m?’% § %‘@ Pet raﬁydro)l ndenyl ]
2|rcon|un1d|chlor|(h¥t it may constitute a good measure. H, g5/H; o5 ratio

g! pﬂleny! 3! I yg_esge bloi:[thﬁéd&rﬁ thet ?Eé@@ﬂldrﬁ))vbﬁ@ﬂﬂwﬂaty be noiimdizﬂ;nluhﬁhl |
i chloride, dibenz i I n
zirconiumdi chlori gﬁ 15 %ﬁ@feﬁbﬂ&; ggé é%&j z-.fa 4, 516 %Iotra'?rgﬁ dr'o (LAY

| ndenyl ]
zi rconi um di chl ori d-'é’P°1Ymer anbaiaheg P& l(‘l! sges Phtaingy I%‘Fd’@ﬁ(]‘?]
zi rconi um di Exaeplde? aifibany| awtyd ey brest{lb @4 8, 5§ mhlch is

AT ST LT AP OT) ey OB SRS co chia, e
copolymer contalnlng no DCPD DCPD llnkage cbtained in
Reference Example 4 exhibits an H, 4/H; . ratio of 0.06 .
and the copolymer containing no DCPD-DCPD linkage
obtained in Example 2 exhibits an H, gs/H; o ratio of 0.03,
which are much smaller than 0.15.

15 On the other hand, as the measure for indicating the
ethylene block linkage, there may be mentioned a ratio
(I,.3/15.45) of the peak area (I, ;) at & 1.3 ppm assignable
to a polyethylene and/or ethylene component block to the
peak area (I;,s) at & 3.05 ppm in the 'H-NMR spectrum of

20 the polymer. 1In the présent invention, the 1/4 x
(IIJ/IL”) may be not more than 0.05, more preferably not
more than 0.03. Here, 1/4 is a correction factor
corresponding to the 4 protones contained in one ethylene
component, and § 3.05 corresponding to one methine proton

25 in the DCPD component.

In other words, it was shown that ethylene-DCPD
copolymers obtained using Kaminsky catalysts differ from
those obtained using vanadium catalysts in that they
contain virtually no DCPD component chains, and therefore

30 a higher mole fraction of the DCPD component results in
higher altérnating copolymerization.

According to the production process of the present
invention, the monomer ratio (F) of the polymerization
reaction system is controlled. One means of assessing

35 monomer reactivity in a copolymerization reaction is to

utilize a copolymerization curve indicating the



20 phenyl nmet hyl si | yl ene-bi s[ 1- (4,5, 6, 7-tetrahydr o) i ndenyl ]
zirconiumdichl oride, dinethylsilylene-(9-

fl uorenyl) (cycl opentadi enyl) zirconiumdichloride,

di phenyl si |l yl ene-(9- fIuorenyl)(cyclopentadienyl) Zi rconi um

di chl ori de, dlben%§I5|lylene (9- 25 fluorenyl) (cycl opent adi en élé
zi rconi um di cHY net hyl ene- (9-fl uorenyl) (cycl opent

zi rconi um di chl ori de, ethylene-(9-fluorenyl)(cycl opentadienyl)
zirconi um di chl ori de, di phenyl net hyl ene-(9-35 -
fluorenyl) (cycl opent adi enyl) zirconiumdichloride, 30

i sopropyl i dene-(9-fl uorenyl ) (cycl o en adle zircon dichloride,
phenyl met hyl si | yl e‘f%rr(eéatx oh é/ §|‘3’t?{ﬂﬁ>“oﬁ‘8ﬂ?‘&%ﬁ AP 37F R um
di chl ori de, menﬂﬁhyhsnl&ﬁkﬂ@eOGch¢Lnﬁkmm¢r)PIOQQFQent-

butyl) cycl opent adi enyl [rigi.r tonénsNsdic6pbDymei@.zad3on curves for an

di phenyl si |yl ene- (9o}, %reeayga kb3 P,&gﬂg ind an(lgtpyigxa S Lapetga ey

zi rconi um di chl or FEhé uor e
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- 26 - buty;}mﬁest&bopem@ds@uxhbn&(rmwmfédypm@rdm@enﬁmmdme- .
(9-fluorenyl)|[ 1- (3 tert-b tg%g éii%gentgdle Ll% ) di chl ori de,
et hyl ene- (9-fl uorenyﬁc)o[“f 1@ *&%/ DUt r%é)c clf’ Hr# ?eny?] Zi rconl um
di chl ori de, component linkages are produced however large’F may b

the mole fraction of the DCPD component in the resultlng

10 copolymer'is higher but never increases above 50% by mole
(see Reference Example 4). Thus, by carrying out the -
polymerization with the DCPD always present in excess of
the ethylene in the polymerization reaction system, that
is, with F képt at above a given value, there will be a

15 mbre highiy alternating_sequenqe of the ethylene and DCPD

| components in the copolymer, thus giving an ethylene-DCPD
copolymer with high level of alternation and also high
chemical homogeneity.
According to Fig. 11, it is possible in principle to

20 obtain ethylene-NB copolymers as well with high level of
alternation by carrying out the polymerization with the
monomer ratio in a-pre5cribed range, but in practice it
is rather difficult to maintain the monomer ratio in a
prescxribed range with a fixed maximum and minimum.

25 However, it is a feature of the present invention that
only the minimum monomer ratio (F) is fixed, allowing
much easiex control of the reaction. An even more
advantageous feature is that production of copolymers
containing crystalline polyethylene or partial

30 crystalline ethylene blocks can be drastically minimized.

For example, a typical metallocene with C, symmetry,
ethylene-bis(1-indenyl) zirconium dichloride, is known to
produce copolymers containing polyethylene and ethylene
blocks upon copolymerization of ethylene and NB, but when

35 this metallocene is used for the present invention,

production of such crystalline polymers is drastically



5 di phenyl net hyl ene- (9-fluorenyl )[1-(3-tert-
butyl ) cycl opent adi enyl ] zirconium di chl ori de,

i sopropyl i dene-(9-fluorenyl)[1-(3-tert- but yl ) cycl opent adi enyl ]

zi rconi um di chl ori de, phenyl met hyl si |yl ene- (9-fluorenyl)[1-(3-tert-

10 butyl)cycl opent adi enyl ] zirconi um di chl ori de, -
di met hyi si | yl‘éﬂé W% | uorenyl ) [ 1- (3- " methyl)cycl opent ZETEPApIOP366. - - --C
zi rconi um di chl ori de, di phenyl sil yl ene-(9-fluorenyl)[ 1-(3-

met hyl ) cycl opent adi enyl ] zirconi um di chl er3éle; 15

di benzyl silyl ene- (9-fl uorenyl )[1-(3- met hyl ) cycl opent adi enyl ]

di chl | . - . . .
(ot uoronyl Y[ 1. (8ouely | ) RyH SFEHEARRANE 5Pe EHMIREIZSEion i or i de,
et hyl ene- (9- f | uoraomgpEad (@ith a minimuhyampupt| obetihadiennyFelativeonPum

di ;:EI |O;I deI 20 t torld_u RHEIVE ratémhenssd (- ffelahw&enaf )the Invention.
net hyl ) cycl opent adi en zirconiu iCc
i sopropyl i dene- (9-fl uﬂ’% (§a &l) rﬁ?fhyﬁ c%llcﬁ pgﬁ?a%ls l'enyl] zi rconl um

dichloride, 5 aqgm,sﬁynmmwh@u Lpvemeiqmif| fopergrepter( 3ands
met hyl ) cycl opent ggliegayhbl¢ i3 . GORrUgrEady.Or 1d€is undesirable for F to be

di met hyl si |yl ene l[e% <(€nda A t}(?% %eny h1s1 ﬁg&gk%é}%%re?raﬁg] %Qyﬂeql%ent adi enyl )

zi rconi um di chl ori
butyl ) fl uorenyl ] WBPBﬁ’éﬁt’efhlté‘ﬁyF?P%%m Wit *ﬂﬂedfrli"&ethﬁo':hemcal
di benzyl si | yl ene-Hothog@ndith - tadit will alsobubyé:)f&hmmayl Fésyciopent adi enyl )

zi r coni um digchl orlchQFS trans q:_qtogy g,gﬁ%l[a%ugg |d)%: ({o%rdagg to the first

butyl)fl uorenyl ] ( op ent adi coni u
et hyl ene-[ 9- ( 2, 7~R¥P°F‘é?t° §5‘e ’-“BE‘E‘?’r‘)"f'I l‘joF‘Bﬁ‘Srl'ﬁ WéF‘GBéﬂ‘F%d’t‘bﬁy?le)
zi rconi um di chl ovadee range neingphienygd neddvel daeijd-the, pedied eftom the. .

butyl) fluorenyl ] @yt opeBadneRy it Zod GAREY MM YrekrdSon of the DCPD
added to the polymerlzatlon redction system reaches 60%.
15 . Also, as already mentloned, a copolymerization curve
indicating the correlation between the charged monomer
ratio and the composition ratio of the polymer product is
commonly used to assess monomer reactivity in a
copolymerization reaction. This is obtained by
20 conducting polymerization with various different monomer
compositions, and determining the composition of the
copolymers produced at the initial stage of the
polymerization reaction (conversion of a few percent).
For copolymerization between monomers M, and M,, F
25 representing the monomer concentration ratio in the
~polymerization system (= {M4,}1/(M;]) and f representing
the composition ratio of the copolymer product (=
d[M,]/d[M;]) are known to exist in the relationship
described by the following expression (XII).
30 f=TF(x,F + 1)/(F + x3) (XII)
(Shohei Inoue, Seizo Miyada, "Polymer Material
Chemistry", Applied Chemistry Series 4, p.113)
Here, r, represents the reaction rate ratio of M, to
M, when the propagating end of the copolymer is the M,
35 component, and is known as the monomer reactivity ratio,
being the value which indicates the relative reactivity
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- 27 - | sopropylidene-[9-(2,7-di-tert- butyl ) fl uorenyl
(cycl opent adi enyl ) zirconi um di chl ori de,

phenyl net hyl silyl ene-[9-(2,7-di-tert- _

butyl)fluorenyl ] (cycl opentadi enyl) zirconiumdichloride, 5

di net hyl si | yM&i’Péﬂ

di phenyl si |l yl ene-( 1- i ndenyl ) (cycl opent adi enyl ) zirconi um di chl ori de,
di benzyl silyl ene-(1-i ndenyl) (cycl opent adi-esryl9 zirconi um di chl ori de,
net hyl ene- (1-i ndenyl ) (cycl opent adi enyl) 10 zi rconi um di chl ori de,

et hyl ene- (1- I ndenyl ) (cycl opent adi enyl ) zirconi um di chl ori de,

di pheny! met hyl eneé2f{ thenBeRMeY ¢y MBS iTersABTSFRPES NN £2act 108 ¢ orii de,
i sopropyl i dene- ( lratadeayio (@g/mzommladhemyd}be propagt irepeindnofli tid or i de,

phenyl met hyl si | y|°e°3‘%néﬂ'ﬁrl§s £ e gld %ﬂg})c pre?é‘géillen %)l Bd I coni um

di chl ori de, yC opeﬁ Zl rconi um
di chl ori de, di phémllcslllp‘yﬁén’ét% éié’@yéPBﬂpbﬁtea‘dFéﬁwf} ComPOSl‘éi’-?%cﬁH‘in?l'
di chl ori de, gli benmd sbeyifieally r, arld ¢ @aente@umﬂwt)edznfrmmm

di chl ori d t hyl d lori de
ct vt onec ™ "t M R1SREs B e iRy PSR RL 3o R PRLLIPAaRA! ol de
di phenyl net hyl enecheiis( ¢pténprpitsadmenlydd ofi IFdoanamn-Ross). d| chlori de,

i sopropyl i dene- bi S(Wﬁggpﬁﬁ 4iH38Ykdncept tozb6§9 TYiPidaehbRT é flay-

phenyl met hyl si |yl en (cycl op enta | en zi r.coni.um d!MchJ ori de
i sopropy! i dene- (fﬁl %d@ﬁy?‘ﬁ “J(I%' é?‘fw er M, l%ﬁ% 20| ByAa e |
zi rconi um dicchl ortildep-olefini sajsr opyticieneapbvé} Udrepyeppit (Bventors
have found that v1rtually no DCPD component linkage 15
produced with copolymerization of a-olefins and DCPD
using KéminSky catalysts. Thus, if r, is the monomer
reactivity ?atio fof the a-olefin and rp, is the monomer
15 reactivity ratio for_DCPD, it may be assumed that r; = 0,
so that expression (XIi) may be simplified to the
. following ekpression (XIII).
f = F/(F + 1) (XIII)
The value of r, differs depending on the
290 polymerization conditions, particularly the type of
metallocene used. Metallocenes may be largely classified
into those with C, symmetry (mirror symmetry) and those
with C, symmetry with respect to the ligands R*? and R®
and the central metal M which links them in general
25 formula (V).
Fig. 13 shows the copolymerization composition curve
_for copolymerization of ethylene and DCPD using a typical
metallocene with C, symmetry, isopropylidene-(9-
fluorenyl) (cyclopentadienyl) zirconium dichloride and
30 typical metallocenes with C, symmetry, ethylene-bis(1l-
indenyl) zirconium dichloride and dimethylsilylene-bis(1-
~indenyl) zirconium dichloride.
Because almost no DCPD component linkage occurs,
however large the value of F (=[DCPD]}/[ethylene]) may be,-
35 the mole fraction of the DCPD compohent in the copolymer
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I sopropyl ) cycl opent adi enyl] zirconiumdichloride, 30

| sopropyl idene-[1-(2,4,7- trimethyl)indenyl] (cycl opentadi enyl)
zi rconi um di chl ori de, ethylene-(cycl opentadienyl)[1l-(3-tert-
but yl ) cycl opent adi enyl ] zirconiumdichloride, ethylene-

(cycl opent adi enyl ) [ 1- (3- phenyl ) cycl opent adi enyl] 35 zirconi um

di chl oride, | ¥&P888830i dene- (9- f1uorenyl) (cycl opent adlmms’@ﬁ‘conrum
di brom de, di met hyl si | yl ene-bi s(1-i ndenyl) zirconium di brom de,
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- 28- et hyl ene- bi s(1-i ndenyl ) met hyl zirconi um nonochl ori de.

As particularly preferred netall ocenes accordin the invention
there may be nent iiSnBd4INeH W PEYBENIGESases abdbe Bos by nolS. | R{SE]

f1 uorenyl) (cycl opeimt atleerndd ofi mevallometieshwbth d, sydmetry, the DCPD

di phenyl net hyI ene &%Pghélﬁ){eﬁ% F xgﬂﬁg}t ?%ggn%égdlly thanZif GO d@ke

di chl ori de, isoprop ene- d
met hyl ) cycl opent adfeR§FFL LIGEGH g hFZB‘P‘F‘EFeFY In other words, ry is

i sopropyl i deme- ( 9-Mfalrgekenytgrskqbént By { -in order tuitdHthiyuctopelyrsdisewyth
zi-rcontum di chi of \4g. sdfle Dc#f‘é%ﬁli’%(éﬂﬁd%ﬁﬁ&}b{:f@ﬁbﬂ sEcusLananiadoeny!)

Zi rconi um dic

[ g 2 zjnconium
di chl ori de, et hyl éﬁérﬁl 8‘("1 ti}}?dé’ﬁﬂlme%%ﬁpuﬁ?ﬁ‘? 6‘:3 ns with, gy

| sopropyl i dene- bi dfakrgendemiie forr Eoni um di chl or.i de. The -
concentration of the ngtablPGRNEoWhE SRJMRERELY process of the invention
10 the monomer mole ratio (F) for the polymerization

reaction system is controlled, but according to a second
method of the invention, the difference in monomer
reactivities depending on the catalyst is considered when
_ controlling the F value, so as to maintain the value of f
15 (= DCPD component/a-olefin component in the copolymer) in
expression (XIII) td within the prescribed range.

In order to obtain copolymers with high'chemical
homogeneity, it is desirable to minimize variation in the
composition ratio in addition to increasing the

20 alternating copolymerization, for which the range of f is
38/62 < £ < 48/52, and more preferably 38/62 < f < 46/54.
The value of f is preferably not less than 38/62, because
this results in insufficient heat resistance due to the
low DCPD component content, as well as a tendency to

25 produce copolymers containing polyethylene and ethylene
blocks, due to the high ethylene component content. The
value of f is preferably not greater than 48/52 because
it is then too far above the lower limit for £, despite
the higher alternating copolymerization. In the case of

30 metallocenes with C, symmetry, such as isopropylidene-(9- .
fluorenyl) (cyclopentadienyl) zirconium dichloride, the
molecular weight tends to fall as f approaches 1, and
this is therefore undesirable from the standpoint of the
molecular weight distribution.

35 The variation in the copolymerization composition

ratio of the a-olefin-DCPD copolymer of the invention can



15 be determ ned depending on its polynerization activity, but it

may be desirable to use it at a concentration of 10[err] to 10[err]
nol es, and preferably 10[err] .to 10[err] noles to 1 nol e of DCPD,
based on the DCPD added to the pol ymeri zation reaction system 20
The organi ¢ al um num oxi de conpound al um noxane is preferred for use
as the pronot VOB st . Exanpl es of al um noxane nmay BETAPIBEB6ES - -
general formula (VI) below - for linear structures and as general
formula (VI1) bel ow f or cyclic structgres. 25 35

[err] WD 98/ 33830

PCT/ JP98/ 00366 - -
be evaluated by the DSC curve, near the glass transition

point, obtained by DSC measurement. The glass transition
point of a polymer is generally measured as the
inflection point of the DSC curve, and focusing on the

5 temperature difference between the falling point and the
rising point of the curve, i.e. the range in which the
heat capacity varies by glass transition (hereunder
abbreviated to aTg), polymers with large variation in
composition ratio exhibit broad change and the aATg is

10 large, while polymers with a uniform composition ratio
exhibit sharp change and the aATg is small. The aTg is
preferably no greater than 15°C, and more preferably no
greater than 10°C, as measured with a temperature
elevating rate of 20°C/min.

15 According to the second process of the invention, F
is maintained in the value range of expression (II)
during the period from the start of polymerization until
the conversion of the DCPD added to the polymerization
reaction system reaches 60%. "The conversion of the DCPD

20 . added to the polymerization reaction system" means the
total conversion (polymerization rate) for the DCPD
present in the polymerization reaction system at the
start of polymerization and the DCPD added to the
polymerization reaction system during the polymerization

25 reaction. The period is preferably that extending until
the conversion reaches 70%. Although the desired
copolymer can of course be obtained even if the
polymerization reaction is terminated before the
conversion reaches 60%, this is not preferred from a cost

30 standpoint.

When ethylene is used as the oc-olefin, the amount of
ethylene present in the polymerization reaction system
will depend on the pressure (or the partial pressure in
cases when the gas used is a mixture with an inert gas

35 such as nitrogen). Thus, for control of the F value
during polymerization, the 3 methods described below may
be employed.



[err] 10 In fornmulas (VI) and (VII), Rerr]-Rerr] may be the
sane or different, and each is an al kyl group of 1-6 carbon

atons such as nethyl, ethyl, propyl or butyl, a phenyl group or a
benzyl group, being preferably nethyl or ethyl and especially nethyl.
Letter mrepresents an integer of 15 - 2 or greater, and preferably an

i nt eger fromWOP%B38H0. Al uni noxane may be producBCTAmesM036s. - . -

conventional ly known process, such as reaction of a conpound

cont ai ni ng absorbed water or a sal t eontai ning water of
crystallization (for exanple, copper sulfate hydrate) 20 wi th an organic
alun1nun1conpound such as trialkylalumnum in an inert solvent (such

as toluene). - (LrfEeeruiphRontdngad BrerEdrtariounts R PCERoi™%O of an
organi ¢ al um num tiepeacdiosssydtieng hdairidmlpDgBDCis ofurther process. 25

The al um noxane Cf‘x&ﬁ?ﬁluﬁéﬁdlﬁé’o Q:Q{E vabec tdie system JJP?I?A | g@?)j\ Q'

pol ymeri zation activity. | ocene tivate n sol ution,
preferably by di sk ?HE*“Q the RE@&T?%%&%%%°Pnt%.@Rﬂqﬁﬁlﬁn oforgfént
al um noxane.5 The ethylensopvesdunesea the tductiant vesseln is preferably.an 30

al i phatic hydrocamomfcearamf@édd‘clm ogfééaq%ew aﬁibunt of b@bueﬂ@cobel ng
particularly pref red The activat he net al, ocene t he

al uni noxane is us S?afé???e§VStem' ggﬁte?ﬁﬁ%?Pﬁ Pf%siﬂﬁ?|ﬁ§ Bha udliy !
pol yneri zati on rekrwered, aanthe polymehézatinn pyeaeeddr the activation is
fromone mnute tmBWholelBchwulss £ipkel BiddducbaoMm &b riHUkeact pordone hour .

Th t d t
T o ssot e TR ML il SR T i Bl
concentration of §¥ﬁ§e§lHﬁ?ﬁ%%ﬁﬁ§m§6ﬁaﬁ|Eﬁﬁﬁi§rﬁot particularly

restricted within a rangenhéravov/mbyhs@i ght, although the process

control is easy, there is a limitation to enhance the
final conversion of DCPD. On the other hand, in method .

1s 2, the concentrations of both the monomers gradually
lower and thus the reaction rate also lowers, but it is
possible to complete the polymerization with a high
conversion of DCPD. However, even in method (1), it is
possible to maintain the ethylene concentration in the

20 reaction system at a low level if the supply pressure or
partial pressure of ethylene is lowered. Therefore, even
where the concentration of DCPD is lowered as the
reaction proceeds, it is possible to maintain F within
the range satisfying expression (I) during polymerization

25 until a high conversion of DCPD is attained. In this
method, DCPD may be added portionwisely, but the
following two continuous methods can be mentioned as more
.precise addition methods.
(la) DCPD is first introduced into the reaction system in.

30 an amount of exceeding 4 times the dissolving mole
concentration corresponding to the pressure or partial
pressure of ethylene, and then DCPD is additionally
introduced continuously into the reaction system at a
constant addition rate (V).

35 (1b) DCPD is first introduced into the reaction system in
an amount of exceeding 4 times the dissolving mole
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- 30 - to the saturation limt, but it is preferred to be 5-30%
by weight. The ratio of the al um noxane to the netal l ocene is 30 to
20, 000 noles, and preferably 100 to 5,000 nmoles, to 1 nole of the
net al | ocene. An anpbunt of 5 al um noxane which is too small wth respect

to the WRISS8Mcene i s undesirabl e because sufficient BRCT/JP98/0366 .- - --:

pol ynmeri zation activity cannot be achi eved. Conversely, an amount of
al um noxane which is too large is uneronom cal despite higher

pol ymeri zation activity, 10 since nore of the expensive alum noxane is
used, while it I s al so undesirabl e because it renders rlflcatlon
after pol vy C2aEFaHi b COTIRFPPRAANG to the pressurg,pg éhﬁ Y*compounds
may be nentioned mespnoeantErethylenecadnd thes DOPRhisamdditiosbliy for use in

addi tion 15 alm&ea&se@& con%qﬁ%ﬁgff'mo LRBI Fo U SPEPSHNMS sar e
conpounds represented by the foldl t%”xﬁol%e%%kéuméé’{on A% (Vs) © VI to

(XI).

5 - ethylene to be consumed with 'the polymerization reaction.
to the mole supply rate (V,) of DCPD satisfying the
following range: Vp/Vy = 38/62-48/52 (mole/mole).

The method of (la) is easier in the process control
than the method of (1b). However, if the DCPD addition -
10 rate (V) is too high, there is no difference in the
easiness of process control between the methods of (1la)
and (3) above and therefore no merit cannot be found in
- adopting the control method of (la). On the other hand,
if the addition rate is too low, it becomes difficult to
15 maintain F within the range exceeding 4 as the
polymerization reaction proceeds. Therefore, it is
necessary to set V, so as to maintain F within the range:
exceeding 4 until the conversion of DCPD reaches 60%. On
contrary, in the method of (1lb), since DCPD is added in
20 conformity with the ethylene consumption rate (Vg), the
mole ratio (F) of the monomers existing in the system can
be maintained constant until the addition of DCPD is
completed. Therefore, the method of (1lb) is most
preferable in order to obtain the copolymer with a
25 uniform composition. Such control can be effected
without any difficulty by monitoring the ethylene
consumption rate with a flowmeter and feeding back the
resulting rate to the DCPD supplying apparatus. In this
control method, the mole fraction of the DCPD component
30 in the formed copolymer can be controlled through the
amount of DCPD to be previously introduced into the
reaction vessel. If the amount of DCPD is relatively
large with respect to the solubility of ethylene the mole
fraction of the DCPD component in the copolymer is high,
35 while if it is small the mole fraction is low.
Therefore, it is preferred that the amount of DCPD is set



[err] Each Rerr] in formulas (MII1) to (XlI) is the sane or
different, and represents an aliphatic hydrocarbon group of 1-8
carbon atons or an aromatic hydrocarbon group of 25 6- 18 carbon at ons.
Each Rlerr] is the sane or different and represents an aronatic
hydr ocar bon group of 6-18 carbon atons. Letter x is 1, 2, 3 or 4.
As exanpl es WORBIN] in the ionic boron conpounds r SSTIRWA0IE by- -
formulas (VIIl) to (XI) above there may be 30 menti oned al kyl groups
such as nethyl, ethyl, propyl and butyl-, and aryl groups such as
phenyl. As R39 there are preferred quorinated and partially
fluorinated aromatic hydr ocar b
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be 3. 35 c/&:raep@mcimg merrpnenru&sitrbarmomwﬂmtﬁcentmbrtece RCRP
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trityl-tetrakis( @éﬁf’at’F%@ﬁ%@n?l“)‘c?ﬁr &8 Bﬁd'“ﬂ‘ltr‘ﬁlﬂ‘ﬁ‘g in the range
t et raki s(pemnt af | garapbeiyd )edpreasion (I) and constftemti dnkgndor on conpound

serves to stabi| 'p%?rxﬁ jzation Eﬁ&s’z\i'mﬁ% %h&&ﬂ% beepcesnuerted to a
cation, and 5 er ore he use of I ate al ky

r nt for
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st andpoi nt -of snust Abyepednoti ng pol yneri zati on.

_ The method of (3) is the easiest in control. In

10 this method, since the eoncentration of DCPD is .
satisfactorily high at the initial stage of reaction, the
concentration ratio of DCPD to ethylene in the reaction
system is maintained in the range exceeding 4, but the -

_ concentration ratio gradually lowers as the reaction

15 proceeds. When the ethylene pressure is high, the DCPD
concentration may lower before the conversion of DCPD
reaches 60% so that the concentration ratio of DCPD to
ethylene cannot be maintained in the range exceeding 4.
In such a case, the pressure or partial pressure of

20  ethylene should be lowered. It is noted that the above-
mentioned control is possible in the present invention
since no direct linkage between two DCPD component units
is produced as mentioned above contrary to the case where
an NB component is used.

25 In the copolymerization reaction according to the
process of the present invention, even after DCPD has
been exhausted, the polymerization still proceeds unless
the catalyst is deactivated. Therefore, if the reaction
is continued after the depletion of DCPD, the resulting

30 product inevitably contain polyethylene or copolymers
having an extremely high mole fraction of the ethylene
component. Therefore, it is highly desirable to

_terminate the reaction with taking the final conversion
of DCPD into consideration. Of course, the final

35 conversion of DCPD is not necessarily controlled up to
60%, or 70%. The final conversion of DCPD may depends of



As preferred al kyl ating agents there may be nenti oned al kyl'lI'i t hi um
i

conpounds and al kyl al um num conpounds, 10 specifically methyllithium

butyl lithium trimethylal um num triethylalum num

triisobutylal um num and tri-n-butylal um num The ratio of

the ionic boron conpound to the nmet al | ocene may be 0.5-10 nol es,
preferably 0. 3¥Y@9 s 15 and nore preferably 0.9-1.5 nol BET/FRSPMES. | oni ¢ -
bor on conmpound to 1 nole of the netall ocene. The al kyl ati ng

agent is used at 2-500 noles to 1 nole of ~-the - net al | ocene. The anount

of ionic boron conpound required with respect to the netallocene is

vastly reduced as 20 corrpa%ed wi.th using alum no%e astt he pronoter
cat al yst, whiltee mefBod 05| SPPPLY 4RE | RAAPeLFs BT t IS PG 8™ hi gher . It
i s therefore possidingittdonsni it mayt he seimattedofint peneral wigbialtheene and

pronoter catalyst,rdrfiés ol R¥E Hithe® FRARI95%, prefEVaNAQ0%i, MmbéLs N5 Of hcost-
ese

and in terns of puriflcation 25 after_pol ynerjzatign. .
pronot er catal yst P eeraéll%.r%% 'y &é‘ear‘gﬂ her LA a”&lit?’éacthf’?‘?g?n?lnt% ﬁlf-' form
of solution ih a Hyhér sesrbbing polymep| archtenbaneh ke (csnyene}on &f ACPRady

mentioned, but thejt is gen8Pd1l13} pRebersHIP Aot @wOR thet Piresuré OFf USE.
Suitable 30 carétihgrl%n'FnCI ude i norgani c conpounds such as silica gel
0

and alum na, and fin ol'yol efi n powders of pol yet hyl ene, .
pol ypropyl ene and the Fife. 12 shows the splubidifyes Pk IRENYABAtIDEDS he

pol ymer i I;Zat ion  prefeepedl ﬁ]l\ieﬁltnﬁbﬂﬁéﬂé/d aar lrlhenlcmjtwm&:mghmmm@ear bog
35 sol vent T v i DOy an
the a-ol efi rql%ut‘ ;l?ees%i’g%gg%%&ﬁ i%%"%{g#yné?:.%gfﬁgﬁg n'_% t%%y E(_)catlf:gboélré g’(})\Fvent
di ssol ves the cat &Y¥lengcpreffirr§ods the polymerization reaction system

is determined by taking into consideration both the DCPD
concentration in the toluene and Fig. 10, but 10 kg/cm2
or lower, preferably 5'kQICm2 or lower, and more

15 . preferably 2 kg/cm® or lower may be desirable. It is not
ﬁreferred for the ethylene pressure to exceed 10 kg/cm?,
as this will complicate efforts to maintain F within the
range of the invention. However, it is not preferred for
the ethylene pressure to be too low, as the reaction rate

20 will be slowed and F will be too high; thus, a value of
at least 0.1 kg/cm’, especially at least 0.25 kg/cm’ is
preferred. It is more preférable'for the polymerization’
to be carried out in a range of from 0.5 to 1 atmosphere,
from the standpoint of the reaction rate and the range

25 for F.

Regarding the method used for introducing DCPD into
the reaction system, it is usually desirable from an
industrial standpoint for the addition to be made at a
constant rate. The rate of introduction may be

30 determined based on the polymerization activity and
reactivity of the catalyst used, the amount of solvent
and the initial DCPD concentration, but it is preferably -
10™* to 107! amol/min where amol is defined as the DCPD
present in the reaction system at the start of

35 polymerization.

If the introduction rate is slower than 10

THIS SHEET HAS BEEN
| REPLACED

‘This Sheet Has Been Replaced - .
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- 32 - not deactivate the catalyst. Specific exanples are

al i phati c hydrocarbons such as pentane, hexane, octane and decane,
al i cyclic hydrocarbons such as cycl opent ane, cycl ohexane and

cycl ooct ane, and aromati c hydrocarbons 5 such as benzene, toluene and

xyl ene. In t VRSB he solubility of these raw nat er PET/IPoSQe66. - - --°

resul ting pol yrer and the catal yst, preferred anong these hydrocarbon
solvents are aromati c hydrocarbons, anong-Magch tol uene Is especially
preferred for use. Depending upon the 10 catal yst, however, cycl ohexane
Is also preferably used. H NMR spectrum anal SI S has shown t hat

et hyl ene- DOPTP LAHA yHirePaY dIRcamRe 816F 101 FPn kRSP 4t Pins thYnt ai n
virtual |y no chai nsande tdfe tbEPIhesarpioment I£ Ashealmadgtuctmn et isned,

vanadi um cat al ySt s 6at0ietani B! SRST/AERD he inGARALYEGE Srad b sagNe desi r ed
proportion of the DCPD onponent; Fig Fig. 2 show [err] H NWR

spectra of a DWB‘?YOE&EB??@G &'ﬁaeaﬁt é‘l‘?ﬁﬂheﬁélmwﬁﬁf‘yner
cont ai ni ng 39% by pobeeeais,t bemplRiA tdmgpentnitts dot Anoeease the wgengllanadi um
catal ysts. T:onvé:félon ognglgl‘ﬂc 5 g,y\(igaqrerfn]el-l- NMR spectra of an

et hyl ene- DCPD copol yner_ containin D%P orrponent
and” an et hyl ene- DCPD cdPPRErPE rfeﬁl @tmd f°r56%5‘§/d‘fﬁ)‘|”eg shet
conponent, obtai neintsithy reactidmreysskn catcai%/smswhiz@! the DCPDme t he

honopol ymer SDECtrﬁﬂ%fJBd@eﬁ 13 étmdﬁie§e@3rrespond ;B t@-@ﬂéﬁﬁité|5f| group
signal is obiﬁ]rved ﬁ es are

produced. Fr the‘e‘Ljh ens 888?%‘?"051@05?%&9’}?%9 1012 ’f eglﬁﬂlf € the
br oad si gnal kept |4t appeastantoweesante \mmnghap.})yrsqrgtrz@rtsonewh b0

t hough the DCPD COQEQfﬁﬂﬂnoﬂﬁl:@réd aﬁttmoa g§s 39%wat8Pl 8¢ the lik8anernasgyuch

L:ﬁ: than 50% by nPI an be prec1sely con J 1ﬁMaEQogd é)'d£QErtR§V'”9 the,

consumption rate of ethylene; for example, by increasing

15 - the DCPD introduction rate when the reaction rate is high
at the early stage of polymerization and minimizing the
DCPD introduction rate when the reaction rate has fallen
toward later stage of polymerization.

Since the viscosity of the reaction solution

20 increases as polymerization proceeds, it is preferred to
effect sufficient agitation so that the ethylene in the
solution is evenly dispersed. For example, if sufficient
agitation is not carried out in conditions of high
viscosity, such as a solution viscosity exceeding 500

25 cps, irregularity will occur in the ethylene
distribution, and this can result in lowering of the
chemical homogeneity of the copolymer.

According to the invention, the DCPD concentration

in the solvent at the start of polymerization is

30 generally 5 to 70% by weight, preferably 7 to 50% by
weight and more preferably 10 to 30% by weight. It is
not desirable for the DCPD concentration to be less than
5% by weight, as this may render it difficult to keep F
within the range of the invention, and reduce the

35 economic feasibility. A concentration of greater than

70% by weight is also undesirable, as the viscosity of
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conposition ratio obtai ned using a Kam nsky cat al yst (Fig. 3),

virtually no broad signal appears, as can be 35 seen fromthe deep

val l ey (gaps) in the signal around 1.85 ppm The same was found wth
t he copol yner WO 98/ 33830

PCT/ JP98/ 00366 - 33 containing the
maxi mum of 0883380p| e of t he DCPD conponent (Fig. 4RCT/P98/Q0366 - ©n--
the other hand, it is clear that the copol yner of t he present

i nvention contains, unless it is a conpleeugly 5 al ternating pol ymer,

| i nkages of at |east two continuous et hyl ene conponent units. In
general, as the nole fraction of the DCPD conponent is decreased, not
only | i nkates STLutden by | Rafemgntee high &Fsenfmgééilef‘ t hr ee

or nore ethyl eneptigidenisar e i nevitably produced. If the 10 et hyl ene units
in the | rnkages are iqgr r nents are
produced. This may ﬁ% %giﬁqeﬁl%ﬂégdg érmgtn%o% @é %egg%mpm of a

copol yner in meﬁ’t?I‘Fst kBe rpgudaporeiant ofc H? %’éﬂ‘eﬁ §8@e 4ol e,
i.e., the e$shyl enke cratadyent acsiioyt andedaatorddgbyo nplee pré§ent gs shown in

Fig. S. The SpeEﬂGéHEﬂH%S §tsh§f41§%HQe§é§§H¥} to conPfﬁ&&'ﬁkBUEQfééﬂrdn 1.3
ppm assi gnabl e to alin

age_o § t 1 nugus s% “Exfne ur}l ts.
Contrary to this® ?H‘émome IEB’p%I(fHEr lb‘l'%llr‘?e(?ecﬁ“%f % ice
exhibits no qamlslubsagnaﬁneleﬂ@.apmwd@@ Pndt‘h@@brqrpéﬁfa&*ﬁ e‘t’hyl ene

solvents depends on the temperature in addition to their

10 pressure or partial pressure. If the temperature is
increased, their solubility decreases and F is larger.
The polymerization temperature must be set in
consideration of these various conditions, but is
generally desirably 0-110°C, preferably 10-80°C, and more

15 preferably 15-50°C. The polymerization temperature is
preferably not lower than 0°C because this lowers the
catalyst activity, and it is preferably not higher than
110°C because this tends to result in deactivation of the
catalyst and in side reactions.

20 After completion of the polymerization reaction, the
copolymer may be obtained by treating the reaction
mixture by common methods, but attention must be given to
purification since aluminum from aluminoxane tends to
remain in polymers obtained using Kaminsky catalysts.

25 Optical materials such as optical disks preferably have
an aluminum content of no greater than 100 ppm, more
preferably no greater than 10 ppm, and especially no
greater than 1 ppm.

The @-0lefin-DCPD copolymer obtained by the process

30 of the present invention preferably contains the DCPD
component at 38-50% by mole, especially 38-48% by mole.
Ethylene-DCPD copolymers employing ethylene as the a-
olefin preferably have glass transition points (Tg) in
the range of about 140-190°C, especially 140-180°C.

35 However, the characteristic feature of the invention
consists in the homogeneity of the polymer composition
and, therefore, it is difficult to always describe the



20 conponent bl ock as shown in Fig. 3, despite that the pol ymer

contains the ethyl ene conponent at 61% by nol e. As clearly seen
fromthe above, as the neasure for eval uati ng the enhanced | evel of
alternation of the copol ymer of the present invention, there may be
adopted 25 a neasure corresponding to the |inkage between the DCPD
conponent uni tYO3FIP neasure corresponding to the | i nREGEPIBQ038Mi ch- -
t he et hyl ene conponent units are |inked together in a block form As
the former neasure, a ratio (H err] ~Hpeér+]) of the intensity (Herr])

of the valley at ([err] 30 1.85 ppmto the intensity (H3.05) of the peak

Pl oyed. Thi's i s ERAURRSE BnEne T4 REnAPonclt GoBatalor i RomodeRBEy R ¥
consi sting excl usi ¥ godyserDEPOLBERBteinkAge xelationghir PetafABt tR T8bt ai ned
by the process of e 8Ntic® therkBYCAid Oy Rub SRArfifesebbal Bl WAl ng a
Zegler-Natta o Calalushel hd W okOfRL ShilylehBeod) | Bpodimbes 1 1. 85 as
PCT/ JP98/ 0036% according to the invention may be repzgsented by the Fig. 1.
Of course, since thelMAingYekpr&adidni:ched bet ween two adj acent strong

peaks, it is affected b their b hepefore, ,the Hegsl/Herr]
rati o cannot be 0, Jézbat'}ii'dr}ew;;’/“”coﬁ@?i%tsat%”a S%’gd ngasu?e. ‘{I'hé _
Herr]/Herr] ratio 50-028Bt®ined i'n the present invention nay be not nore

than wherein m, denotes the mole fraction (%) of the DCPD

10 component in the polymer and is within the range of from

38% < mp < 50%.
The Tg generally increases as the m, increases, but

this is not always true. Even if the my is the same, the :
Tg is different between the cases where the distribution

15 of the copolfmer'composition is broad and where it is
narrow. As mentioned above, DCPD-DCPD linkages may be
formed when a Z2iegler-Natta catalyst is employed.
Therefore, copolymers having a mole fraction of the DCPD
component of much higher than 50% by mole and copolymers

20  having a mole fraction of the ethylene component of much
higher than 50% by mole are formed in combination unless
the concentrations of DCPD and ethylene in the reaction
system are precisely maintained constant during
polymerization reaction. 1In this case, the Tg and m; do

25 not satisfy the above-mentioned expression. Thus, even:
if a metallocene catalyst as used in the present
invention is employed, crystalline polyethylene or the
components having a high mole fraction of the ethylene
component is concurrently formed and, thus, the Tg and m

30 do not satisfy the above-mentioned expression, unless the
supply of the monomers is precisely controlled according
to the present invention. Contrary to this, the
copolymer according to the present invention is highly
homoganeous and, therefore, exhibits a relationship

35 between the Tg and m;, falling within the range of the

above-mentioned expression.



0.15, preferably not nore than 0.1. For exanple, the copol yner

contai ning DCPD | i nkages obtained in Reference Exanpl e 2 exhibits an
Herr]/Herr] ratio of 0.28 which is much larger than 0.15 (Fig. 2).
Contrary to this, the 10 copol ymer contai ning no DCPD- DCPD | i nkage

obt ai ned i n Ref erence Exanple 4 exhibits an Herr]/Herr] ratio of

0. 06 andVPR¥3hol ymer cont ai ni ng no DCPD- DCPD | i nkage PCT/IP98/00466.ai ned- - .

in Exanple 2 exhibits an Herr]/Herr] ratio of 0.03, whi ch are much
smal | er than 0.15. 15 On the other band, as the neasure for

I ndi cating the et hyl ene bl ock |inkage, there nay be nmentioned a ratio
(I'Terr]/1[err]) of the peak area (Igerr]) at [errL ppm assi gnabl e

to a pol yet hyl ene and/ SRTERRYINfe tHRPEPRIHTPSCK ?d”ﬁﬁ@fln'nc %eak ar ea
(I[err]) at [err] Gmbyppm accddiingeto | thd\ifRespatt invarafiod0is indiecagedyner.

In the present 'nV}?}PtéhQQ' nbde Jf 4né glass drdah8hitlbh [@ernrae)raeayebe P nore
than 0.05, nore preferab Is a

correction factor °°P°1Ym8%r??ﬁﬂﬁﬂh&ﬁn@otEpﬁIﬁ?vﬁnﬁf%?dﬁgg%fgﬁtalned in one
et hyl ene .3 congrRperetupe diig ferefce ot ARy pdatveen ttheofelkdodi pringr ot on 25
in the DCPD CO”DOFEHH the rising poxnhnlﬂtiﬁﬂ'ﬁb@rgﬁrvéttﬁé&§o$h@fwh6613t

et hyl ene- DCPD i negx rfs"‘?.{?,t ﬁ.!cggera% ga 4 sklytt%: Hs&s differ

from t hose o Usim aRaar UM cat a ys i N
contain virtually @Wé&ﬁﬁﬁ%ﬁﬁ BYia? IRFOcgRE ?hé%’&’eér §°Béltl°’!f ®mP§her
mol e fraction of  tfa1RegDsconiporBbEer £6¢8idEingnto the ihiveheLorl idfenat i ng

copol ymar' Zaf on. very l:.'roacfi_I ﬁo(ir(\a?\r g' ngaéééktshg BL%)%dl%%l Boﬁ?esqﬂeqﬁ:l}lge

present i'nvention ynmeri zati on
reaction system i PUSH PSIP%’cYetGYéeP@a‘PTs tche 59@@&%!1@@2@9 Le hydnsndlock -
reactivity in a copmpphnent zate @bsegaéd i N the DBC curve tthekedf, arhich

copol yneri zati on clyv %o&ﬂdﬁ&ékhﬂﬁekpgd .
The molecglar weight of the a-olefin-DCPD copolymer
_15" obtained by the process'of the invention has a reduced
viscosity 1,,/c which is in the range of 0.1-10 dl1/g, and
preferably 0.2-3 dl/g at 30°C in a_O.S g/dl concentration
toluene solutidn. It is preferably not lower than 0.1
dl/g to avoid a'reduction.in the dynamic characteristics
20 of the molded product, and it is preferably not higher
than 10 dl/g_to avoid an increase in the resin melt
viscosity which may hamper melt molding.
The molecular weight of the resulting polymer may be
_ controlled by a known method, such as supplying a
25 prescribed amount of hydrogen to the polymerization
reaction system, varying the catalyst concentration or
varying the polymerization temperature. The molecular
weight of the ethylene-DCPD copolymer may be controlled
as desired by adding a small amount of a liquid a-olefin
30 such as l-hexene. The amount of the a-olefin added may
be 0.03 mole or less, preferably 0.02 mole or less, based
on 1 mole of DCPD. |
Copo er (X
Copolymer (Xy) according to the invention consists
35 essentially of 0-39% by mole of an c-olefin component
represented by the following formula (Ay) and 61-100% by
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- 35 - correl ation between the charged nononer ratio and the
conposition ratio of the polymer product. Fig. 11 shows

copol yneri zation curves for an et hyl ene- DCPD copol yner and an

et hyl ene- NB copol yner, 5 obtai ned using a typical netallocene with
mrror Wy ry, isopropylidene-(9-fluorenyl)(cycl op¥riRaeRes ) -

zi rconiumdi chl oride. Because virtually no DCPD conmponent i nkages
are produced, however large F may be, - 48 ithe nole fraction of the DCPD
conponent in the resulting 10 copol yrmer is higher but never increases
above 50% by nol e see erence Exanple 4 Thu by carrying out

t he pol yné?‘i']fat"ifoﬁ W‘Elr?qelﬁélm%ﬂ BT s THPERIFE e PEXERS s of

the ethyl ene in fdidopahgnéeimpdia ¢Bzy.eacti on system that is, with F
kept at above a given value, there w be nmore highly alternating
sequence of the ethylene and DCPD onpongnts in the copol yner, thus
gi ving an & hyl ene-'DCPD copolymer mwith high Ievel of alter na!t,,i)on and
al so hi gh chem cal honogeneity. R'- According to Fig.: it

i s possible in prterieghert ds28 hydoigeni atethhyt ensaNBratedlaliphotis wel I

wi th high | eveI rrlgdrocarboﬁl%'ecf alblfog] Py c%b%éxl Dot k@esggﬁyé“@_rd zation

with the nomer rati prescri ran in e.it

's rather diffichiPhasiFalFRERGATOAB HRRRRROER Pahfgax r’Pea'“e“ i8 ‘f 26 bed
range witho fi xpsbupsx bfiuby B caxbohnatens?,5 suchHasenedrhy li, t etbyl f eat ure of
the present inventd9n Lhatputyr. Oonly the mni numymnoner ratio (F) is
fixed, allow ng much easi ef’ contro he-r§acti on. An even nore
advant ageous ‘feature is that profuetd ' Br s cont ai ni ng
crystalline polyethyl ene or parti‘al
be drasticgily m nim zed.

wherein R’ is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms. As saturated
aliphatic hydrocarbon groups there may be mentioned alkyl

.20 ' groups of 1-16 éarbon atoms, such as methyl, ethyl,
.propyl and butyl.

The repeating unit represented by formula (&y) above
constitutes 0-39% by mole, preferably 1-38% by mole and
more preferably 5-35% by mole of all of the repeating

25 units. The repeating unit represented by formula (By)
above constitutes 61-100% by mole, preferably 62-93% by
mole and more preferably 65-35% by mole of the same.

Copolymer (Xjg) has a reduced viscosity ng,/c in the
range of 0.1-10 dl/g, and preferably 0.2-3 dl/g, at 30°C

30 in a 0.5 g/dl concentration toluene solution.

Copolymer (Yg4)

Copolymer (Yy) according to the invention consists
essentially of repeating units represented by the
following formulas (Ay), (By), (Cy) and (D) below.

35

(Ag)

40



For exanple, a typical netallocene with (ferr] symetry,

et hyl ene-bi s(l-indenyl) zirconiumdichloride, is known to pr oduce

copol ymer s cont ai ni ng pol yet hyl ene and et hyl ene bl ocks upon

copol yneri zation of ethylene and NB, but when 35 this nmetall ocene is

used for the present invention, " production of such crystalline L
pol ymers is drSP3340 v WO 98/ 33830 PCT/IP98/00366. - - -
PCT/ JP98/ 00366 - 36 - reduced.

This occurs because the polynerization is - 49 - conducted with a m ni num
anount of ethylene relative to the cyclic oI efin as a feature of

ner ratlo fll’ rocess

t he i nvention.
according to the i HoeREInR | és ng?ycﬁf’gﬁ?e?m"h&?d) a' Satu @rderng 55 or
greater. It i S undagdraddxbodnogrébup cobhd-16 carbesatbhan 4Adertwgatedi s wil |l -

i ncrease the ethyl gRgphatic hsam@%n 'g@ohpg S W rbet,hmllo%@rmgyf he
chem cal hom)genel ta‘%/ al’so T ower the ah {e3| 3nce 10
(glass transition & £ia) m& RSt SS9 36 PEENY ﬁ‘g 6cess of
the inventiond F rms@pﬂe aral iwayhed in the val ue range nenti oned
above during the period fromthe start of polynerization until the
conversi on of the DCPD added to the polynerization reaction system
reaches 60% 15 Al so, as al i copol ynmeri zati on

curve i ndi cating the correl atf

ratio and t h&%conposition ratio of (By)
H

15
wherein R® is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms. As saturated
aliphatic hydrocarbon groups there may be mentioned alkyl
20 groups of 1-16 carbon atoms, such as methyl, ethyl,
propyl and butyl.
25
(Ca)
30
35
wherein n is 0 or 1; m is 0 or a positive integer of 1-3,
preferably 0 or 1; p is 0 or 1; and R’-R* are the same or
different and each represents a hydrogen atom, a halogen
40 atom, an aromatic hydrocarbon group of 6-10 carbon atoms

or a saturated aliphatic hydrocarbon group of 1-12 carbon
atoms. As aromatic hydrocarbon groups of 6-10 carbon
atoms there may be mentioned aryl groups such as phenyl
and naphthyl, and these may be substituted with an alkyl



commonly used to assess nonomer reactivity in a copol yneri zati on

reaction. This is obtained by 20 conducting polynerization with various

di ff erent nononer conpositions, and determ ning the conposition of

t he copol yners produced at the initial stage of the

pol ymeri zation reaction (conversion of a few percent). For -
copol yneri zat Wh983883f0een nononers Merr] and Merr], F 25 PCHPO¥S6R i ng- - -
t he nononer concentration ratio in the pol ymeri zati on system (=
[Merr]]/[Merr]]) and f representing -~ sthhe conposition ratio of the

copol ynmer product (= diMerr]]/d[Merr]]) are known to exi st in the

rel ati onship descri bed by the foll ow ng expression %I ). -

f = F(r[err]F + 1)9%qmp+of[ &r3|garbonyptems such assmehlyl esawa‘&?% yada,

“Pol ymer Material aliphati€hRydsddatrbonfgpbugsl dEhanil 3t cyrikiser iatemd, tigerkl 3)
Here, rlerr] repreg nag}‘tb% h@gdﬁ@&& a‘iﬂy&ﬁé&‘!&t s%ch Mrﬁ%‘l‘fl’é’lt Qnd ethyl'v[ err]

when t he propagati end_o rr}r}é(nent
and i s known as th%"‘?rlﬁ’ﬁ(&ﬁﬁ?lhé]a(ﬁ’i%??}/s?%\‘fﬁf CY°1°Pe‘bfe¥Jng"fjh§Y95 ¥dhi ch -

indicates thesrel ati vemearnawixtqu, RY and R¥® or R* and R* may together

REPLACEMENT SHEET an alkylidene group such as methyléﬁéne or of the
mononer. Li kew se rep re%ent t Ae teact | on rat& ratio I\/Lerr]

to Merr] when thee"pﬂydﬂ&ﬁﬁ?r n‘b’:&d"(ﬁ Rt hand R °rcd°pol“ﬁ?|¥e oFg- t'ﬁ%ge

M err]-conponent. wifrerthe awd d¢drbon] atams ke which thédy Wadedaf rmg t he
copol yneri zati on QQE’? S| C specifically r[err] and r[err]
are each cal cul ate (r?‘okn‘%gkoge M%%m Bﬁ%sﬂo the lines plotted for F2/f and
F(f-1)/f and!® their intercepts ( t hod of nenmann- Ross) .

Applying this concept to copol yneriz rrj]- ol ef ins and
DCPD, nmononer Merr] is DCPD and nono (Dg)

cxy)
15 q
wherein g is an integer of 2-8, preferably 2, 3 or 4.
The composition ratios of [Ag), [By], [Cy) and ([Dg}
which represent the molar percents of the respective
20 repeating units (3y), (By), (Cy) and (Dy) in copolymer (Yy)

are as follows.

([Aq) + [Bgl)/([Cyg)l + [Dgl) = 95-99.9/0.1-5, and
preferably 95-98/2-5. [Ay)/([By} = 0-39/61-100, and
preferably 1-38/62-99. [Dg]/[Cy) = 0-95/5-100, and

25 preferably 0-~-80/20-100.

Copolymer (Y¥;) has a reduced viscosity n5,,/¢ in the
range of 0.1-10 dl/g, and preferably 0.2-3 dl/g, as
measured in a 0.5 g/dl concentration toluene solution at
30°C.

30 The hydrogenated-type a-~olefin-cycloolefin copolymer
(Xy) according to the present invention exhibits high
level of alternation and, thus, high homogeneity. This
can easily be understood from the fact that the
precursory o~olefin-DCPD copolymer has high level of

35 alternation and high homogeneity. This is also clear
from the comparison of 'H-NMR spectra of the hydrogenated
DCPD homopolymer and hydrogenated ethylene-DCPD copolymer
obtained in Reference Examples 1 and 2 with those of the



10 the [err]-olefin. As nentioned above, the present inventors

have found that virtually no DCPD conponent |inkage is produced with
copol yneri zation of [err]-olefins and DCPD usi ng Kam nsky catal ysts.
Thus, if r[err] is the nononer reactivity ratio for the a-olefin and
rferr] is the nononer 15 reactivity ratio for It be assuned .
t hat "r[ er r WO98(33830 so that expression (X |) may be mW‘T\‘/’?ﬁ’@a“to the --
foll owi ng expression (XlII1). f =F(F +rferr]) (X))
The value of r[err] differs depending ersX he 20 pol ymeri zati on
conditions, particularly the type of rret aI | ocene used. Metall ocenes

may belargely classified |ntothose S mTetry(mrror
symetry) and tiygEggenated grhylese s%ﬁPeFPW C%’g'ﬁg%f'e%( T he | gands R24

and R25 Mhescéhﬂﬁal Aot b8 sﬁam:fchmlli'm(sf?tﬁéﬁﬁw ddiferal 25
fornula (V). lz_nmr spectEhﬂ oﬂ&hﬁhwar&g&a:@aob;marmaaipoaﬁrméﬁrmosI tion

curve for COB ]{Trg” ﬁat %gn of et géyﬁ ggenagﬂ&q:h% b&pbcal

met al | ocene wi t¥
f1 uor enyl ) cyclrwp@pbaylrn@nylvv)hlzhmmnmadmeﬂl s inge VQﬁéIstﬁFzAlC% VA% cal -

(rert ﬁ: | chnes \é\"té E§Y§g@t :}Xle ﬁ &WA& i iarkhsbdrp Ihomo olyﬁéiﬁr%h)le.tBCOSI um

i chl oride and di net i 'yl ene-bi s(1- i pcon ori de.
Because al nost VﬁGYDEFé"i ent T'?%krzfd‘@eoffg % de & 57 %éjweve%mnarge t he
val ue of F (=[ XDRB] bieadsrimgepf tlag dmaks3is basék ompkhef }H¥HA%88 of the DCPD

conponent in theeGRBA! ¥R@ltricyclo[4.3 0128/ @3&He (hereinbelow,
PCT/ JP98/ 00366
referred to as tricyclodecane) component units. From

Fig. 10 showing the 'H-NMR spectrum of the hydrogenated
ethylene-DCPD copolymer obtained in Reference Example 2
by hydrogenating the ethylene-DCPD copolymer, which was
obtained using VCCl,;-Et,A1Cl as the catalyst, it is seen

15 that the hydrogenated ethylene-DCPD copolymer exhibits
sharp peaks around § 1.07, 1.3, 1.47, 1.65, 1.8, 2.0 and
2.4 ppm. However, the peaks overlap with the broad peaks
observed at § 0.7 to 3.0 ppm in the spectrum of the
hydrogenated DCPD homopolymer. This suggests that the

20 copolymer contains the ‘tricyclodecane component linkages
despite that it contains 39% by mole, i.e., much less
that 50% by mole, of the tricyclodecane component. In
addition, the valley observed at § 2.2 ppm in the
speétrum of the hydrogenated ethylene-DCPD copolymer did

25 not have a deep bottom corresponding to the shoulder
observed at & 2.2 ppm in the spectrum of the hydrogenated
DCPD homopolymer. Contrary to this, in the 'H-NMR
spectra of the hydrogenated ethylene-DCPD copolymers
obtained in Examples 21-23, the corresponding valley have

30 a deep bottom almost reaching the base line. This
indicates that the peaks in these spectra do not overlap
with the broad peaks based on the tricyclodecane
componeht linkages, or the hydrogenated ethylene—DCPD
copolymer according to the present invention does not

35 contain the tricyclodecane component linkages. Of
course, even in the 'H-NMR spectra of the hydrogenated



-38 - I s higher but never increases above 50% by nole. Al so,

in the case of netallocenes with CJerr] symetry, the DCPD conponent
is incorporated less readily than in the case of netallocenes with
Cerr] symetry. In other words, r[err] is 5 | arger. Consequently, in
rder i_n I rs with h DCPD nen I tion
order to obta g@ysgmyrre S t t he sane conponent conpositio

it is necessary® carry out the polynerization under BEHIRBPBEE with i

a | arger value for F. According to the production process of the
i nvention 10 t he nmononer nole ratio (Fr $dr-the pol yneri zation
reaction systemis controlled, but according to a second met hod of

the invention, thetg‘iffere i n_nononer reactiMiti pendi ng on
the catalyst is co Y&grngaggggncow Yme’(::%nafcrc(ﬂrld’llﬁa cI’*let\ﬁ\‘—e g ﬁe’? so as to

mai ntain the val ueimfenties, thg fEaks asepdiram Abefrl-Ol &P A-BoPRIONENE in
the copolymer) in. the val@sps esatony th&l péakd @oMnbbi Mavd@eppebottdatdd range.

In order to obtai %o%%%%lryngfsig\ﬂl{ot%eal 0Ra€NBIVCRL becausd QFLGROCI LY, TT 1S
desirable to mnimze varfiation in the conposition ratio in addition
to increasing t he eistenget @f A5 JaBRY PRIz 20P%M 248 PRk £H R9%e range
of f is 38/ QRased on #Bé Sxisaetcanof tirecfteiapt odd/af? componetl/ 54.
The value of f is prgfgeably not less than 38/62, because this

results in insufficient heat. resistance due tq the . gow D.Cil%m%%r‘rgbnenf

content, as well as a F&RBeRRS FRPVESCONSIIGRIEIENE opbt Vit £2c Bt 1Ay

pol yet hyl ene and etdniloerfl’;.20/H" 2. i) ook sthedumteositie (H'gho ety kbaevaldmpyonent -

content. Theyy at/& 426l phn i RAET Ehab]el 0 o] egh@f tpane4R/ 22 pecause
% Tovver imt Tor°f h

it is then too far abové th L degpite t he hi gher
al ternating copol yhehl A8t RoReaguFech 0B %e SBRCBM isydt PP AEASLLRi £9F C,
symmetry, .such as j&oRigpyhgdaieexIstence of lther enydyclioapehnpeddradnenyl ) -
ZirconiL”n-diChlorif&%ka%@%.in.the %§h§§géﬁgté%ﬂeQn%l%ﬁguﬁEPbocgﬁ$i%ﬁg§.f 3n
pproaches 1, and this is therefore undesitable Tromthe 'standpol nt of
t he " nolecul aFheVPEGRENH| SIYGEAPRonthes sl 2.20/H  2.00 THELQ FPRBRDAFN t he
copol yneri zaig on GRIARO%hhhOM.07, preferably not more than 0.05. For

example, the H'; ,0/H';., ratio in the hydrogenated

ethylene-DCPD copolymer obtained in Reference Example 2

- 1s 0.13, while those in the copolymers obtained in

Examples 21-23 are 0.038, 0.031 and 0.024, respectively.

20 . The hydrogenated a~olefin-DCPD copolymer obtained by
the process of the present invention is characterized by
the homogeneity of the polymer composition. Like the
case of the corresponding a-olefin-DCPD copolymer, the
homogeneity of the hydrogenated a-olefin-DCPD copolymer

25 is indicated by a relationship between the Tg and
composition thereof and by the sharpness of the Tg. The
range of the Tg of the hydrogenated-type ethylene-
cylcloolefin copolymers according to the invention may be
represented by the following expression:

30 -32.7 + 2.84 my + 0.0262 my < Tg < ~7.7 + 2.84 my +

0.0262 my’
wherein m; denotes the mole fraction (%) of the
tricyclodecane component in the polymer and is within the
range of from 38% < m; < 50%. The temperature difference

35 (ATg) between the falling point and the rising point in
the DSC curve thereof is not higher than 15°C, preferably



ratio of the [err]-ol efin-DCPD copol yner of the invention can WO

98/ 33830 PCT/ JP98/ 00366

- 39 - be eval uated by the DSC curve, near the glass transition

poi nt, obtai ned by DSC neasurenent. The glass transition poi nt of a
polymer is generally neasured as the inflection point of the DSC -
curve, and foéﬁgfﬂﬁ%ﬂh the 5 tenperature difference bet WREHIFI§E0366| | i ng- -
poi nt and the rising point of the curve, i.e. the range in which the

heat capacity varies by glass transition (+hé&3ewnder abbreviated to
[err]Tg), polynmers with |arge variation in conposition ratio exhibit
broad change and the [err]Tg,.is 10 ,. large, while polynmers with a uniform
conposi.tion ratio not hl?ﬂﬂﬁ Ebﬁnsgﬁﬁb change and the [err]Tg is snmall. The
[err]Tg is pr ef erBudducdonr Pepgesst tHnddddenation Breptment)or ef er abl y

no greater than 19{fid ke @SolEANUDEHD WJdb1FmeesPEsEd itfed _
elevating rate of 20Lerild BoendSipvencion fEGRIGHAY 19) LG S680RGn Y OCESS
of the invention, B % SOmar R HTREE PR (FPAMGE [Bhde™o Xpressi on
(11) dufi ng {Be) RAMEANf RBPR b tedadpubke hoindfein ZE1S RPLYREFST -

the conversion of  they DGRk atdedal Gsddbd 1p6Y Vo] iazet tharefore unsattable

system reac,hes 600/%01: rh@l.tc%\i%ﬁ.ﬁ%grh&jevteg? %QL%QI oF ﬁgcgzeébetnott)hghese
poI yneri zation reactlion syste ans the total conversion
(pol ymeri zati on raggyo*xﬁquhéoE[yxyrogenation of the unsaturated double

bonds drastically improves their thermal stability so

10 that melt molding becomes possible.

' The hydrogenation rate in the hydrogenated a-olefin-~
DCPD copolymer (rate of hydrogen addition to the
unsaturated double bonds) is at least 99%, preferably at
least 99.5% and more preferably at least 9%9.9%. A

15 - hydrogenation rate of less than 99% is undesirable as it -
results in insufficient thermal stability and a tendency
toward coloration during melt molding. In the case of
ring-openad polymers with unsaturated double bonds on the
main chain, the glass transition point is sharply lowered.

20 by hydrogenation, but in the case of the a-olefin-DCPD
copolymers of the invention, the unsaturated double bonds-
are situated on side chains or are in ring structures, so
that the glass transition point is changed rather little
before and after hydrogenation.

25 " The ends of pelymers obtained using Kaminsky
catalysts usually include unsaturated double bonds
provided a molecular weight adjuster such as hydrogen is .
not used. These terminal double bonds are undesirable
since they promote crosslinking reaction during melt

30 molding, generating gel fish-eyes; the present invention
provides an advantage here by giving copolymers with no
terminal double bonds, as a result of hydrogen addition.

The hydrogenation may be carried out by a known
method using a hydrogenation catalyst. For a-olefin-DCPD

35 copolymers of the invention, the hydrogenation may be
carried out after isolation and purification of the
polymer, but it is more preferable from an economic



present in the polynerization reaction systemat the start of

pol yneri zati on and the DCPD added to the pol yneri zati on reaction
system during the polynerization 25 reaction. The period is preferably
t hat extendi ng until t he conversion reaches 70% Al though the desired
copol ymer can of course be obtained even if the pol yneri zati on

reaction is t SYQPHEBWI before the conversi on reaches 6BOFIRIBNEISS. s not- -°

preferred froma cost 30 st andpoi nt . When et hyl ene is used as
the a-olefin, the amount of et hyl ene pgesent in the polynerization
reaction system wi Il depend on the pressure (or the partial pressure

in cases when the gas used is a mxture with an i nert 9as, 3 ey SUCH
as nitrogen). Thustandepipbnfen|thss hyfeogenptiga to be qgrxigg out a
pol yneri zati on, tt}ﬁ;@mmﬁbadsoxdesnnebeﬂe hedlgwernys still e eapheian.

WO 98/°33830 o is done, the unreacte&x56§ﬁpgglgﬂé66
- 40 - 1:&he |ntro ucing a prescri

the reaction syst e?ﬁlY&GJFFFM sodpbier 3452 Wé‘fierg"ean’yréﬁfjﬁgﬁﬂtm |lr?tt§ t he
reaction syst®m whitieysappsys my 1™ 5]decar&t,hjohen9therQ$g nht Pe$§ feri zation

to maintain a.cons t.hy e Rr gL ek efcyemel -
(2) After mtroducélagbtlemgﬁég%%% ggrr%%)n ]@)O\r’&? ¥ (tege {eactlon

system the ethyl eﬁ‘]féﬂe&ré Suh¥TgegAL40R; | ylt nay also be preferr

the standpoint of the properties and particularly the
molecular weight of the hydrogenated copolymer, for the

10 Kaminsky catalyst to be deactivated prior to addition of

: the hydrogenation catalyst to the polymerization
solution. The Kaminsky catalyst can be deactivated
without affecting the ongoing hydrogenation reaction by a.
method involving, for example, addition of a trace amount

15 of an aliphatic alcohol such as methanol, ethanol, n-.

' propanol or isopropanol to the polymerization solution.
The catalyst used for the hydrogenation according to
the present invention is not critical and may be those
generally employed for the hydrogenation reaction of

20 olefins. These catalysts are generally classified into
heterogeneous catalysts and homogeneous catalysts.
Preferred heterogeneous catalysts may include nickel,
palladium and platinum, as well as solid catalysts
containing these metals supported on silica, carbon,

25 diatomaceous earth, alumina, titanium oxide and the like.
Specifically, there may be mentioned nickel/silica,
‘nickel/diatomaceous earth, palladium/carbon,
palladium/silica, palladium/diatomaceocus earth and
palladium/alumina. There may also be preferably employed

30 Raney nickel as the nickel catalyst, platinum oxide and
platinum black as the platinum catalyst, and the like.

As the homogeneous catalyst, there may be mentioned
catalyst systems containing compounds of metals of Group
VIII of the Periodic Table and specifically those

35 consisting of a Ni, Co or Fe compound and an

organbmetallic compound of a metal of Groups I to III of



/

| owered as the polynerization proceeds. (3) Wiole DCPD is first

I ntroduced into the reaction 10 system and ethylene is then supplied
into the reaction system.under a constant pressure. In the
above nethod (1), although the process - control is easy, thereis a
limtation to enhance the final conversion of DCPD. On the other

hand, in netYW¥33® > the concentrations of both the noPGHERS06Gdual ky:-:
| ower and thus the reaction rate also lowers, but it is possible to
conplete the polynerization with a high- ss - conversion of DCPD. However,
even in nethod (1), it is possi ble to maintain the ethylene
concentration in the 20 reaction systemat a low level if the supply
pressure or thepReriodic) Tabie et ast RpPakle is | owered. Therefore, even
wher e t he concembaphthemtef/tDCPEhykaluimnng esbdlte reaction proceeds

it is possible %9e€?l£ﬁé¥dha%e%ﬁé$ﬁd¥ylalum;ﬁ&ﬁ r 3Qe satlsfylng expre55|on
(1) during polynerlzatlon 25 nt Il g con§9r5|on of

attained. |In tHReetyl acet?ﬁﬁ?ﬁéﬂs°kﬂﬁﬂﬂaﬁﬁ?l o PSR ﬁo????ﬂﬁﬂtfgpy, but the
foll owi ng 5wo contyhlbtisivreehddsidal keehphicarachted tnbetthylalunipureci se
addi tion net hodgnere may(&f@b E£I¥}é4%f%bﬁ§teﬁﬁ&dﬁ@@ueggpéﬁ“d%IHQeRﬁ¢a§ﬁ|On

systemin 30 of ceed i,ssol ving nol e
concentration CSPEeggnﬁﬁﬁﬁ SP8 tHe §§ﬁ'%£§§r%hﬁaF pressure of

et hyl ene, and théms[inPhQnYéébPﬁphwnﬂMrythenlumn|¢PWUGQGQQFQRhﬂﬂYAuoust into
the reacti-on sy&fz@maflﬁ\enylphogﬂmté)&htﬁéﬁiﬁm O ihgtieidoD) . (I b) DCPD

Is first @trOd% ﬁk{%ﬁ£ (ﬁ¥%0ﬁp Lng?LS%ﬂenlum, chlgp anDunt of

exceedi ng times
trls(trlphenylphosphlne)rhodlum and

hydridocarbonyl (txiphenylphosphine)rhodium.
Although the conditions of the hydrogenation

reaction may depend on the catalyst employed, the

15 hydrogenation reaction may generally be carried out under
a hydrogen pressure of 1-100 atms at a temperature of 50-
200°C, preferably 80-180°C. The reaction time may depend
on the activity of the catalyst, but it may generally be
in a range of 10 minutes to 10 hours, preferably 30

20  minutes to 5 hours. According to the type of catalyst
and reaction conditions, the employed unsaturated solvent
such as toluene is concurrently hydrogenated, which is
economically undesirable. Therefore, it is preferred to
select the conditions under which such side reactions do

25 not occur. Of course, if a small amount of the solvent
is hydrogenated, the hydrogenated solvent can be easily
removed.

The hydrogenated-type a-olefin-cycloolefin copolymer

obtained according to the invention can be melt molded by

30 a known method, such as injection molding or extrusion
molding. The resin melt temperature for the molding will
be determined based on the properties required for the
meolded product and the melt viscosity and thermal
decomposition temperature of the copolymer used, but it

35 is usually in a range of 200-380°C, and preferably 240-
340°C.. If the resin melt temperature is below this range

the flow properties of the resin will be insufficient,
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- 41 concentration corresponding to the pressure or parti al

pressure of ethylene, and then DCPD is additionally i nt roduced
continuously into the reaction systemat a constant ratio of the nole
consunption rate (V[ferr]) of 5 “ethylene to be consuned with the :
pol yneri zat MR8t i on to the nole supply rate (V[ cRGIIPIGMOIGCPD- -. --:
satisfying the following range: V[err]/V[err] = 38/62-48/52

(ol e/ nol e) . The nethod of (+&96 i-s easier in the process control

than the nmethod of (Ib). However, if the DCPD addition 10 rate (VD) is
too high, there | enc n the ness Rrocess contr ol
bet ween t he net 8 én%fq( ciaf’)?’flcuje't ta?ﬁ(?b@)‘na%owa%ﬁﬂ‘ F‘ﬂé&%‘? EME merit
cannot be foundwhale if itadspabaye tthdsconngel thrmadddeteyicpation ehe ot her

hand, - i f the A8did iWwanar ataﬁdléotz@@.uhewﬁnléoﬂ&ﬁemsﬁ digdd cult to 15
malntalanmthlnthecg eexcee ation

a rrerl
reaction proceedfPTTHE ft%é‘ q‘ty °§n‘é}(\,eesr§§r1§} f"gr’s%q & r] so as to
mai.nt ai n F5wi t hmeldfeg s emgi@lall amowc @ddangemmandiyi Mseﬁea!cfdl%ﬂsn'en of DCPD -
reaches 60% OnNguch as CORYamdkY 1010, tivgsnephedhdd offl Bibastdies , DERE. LS added
in 20 conforr'p ty é/mgcniédhe et hyl ene consunption rate (V[err])
nole ratio (F) O Yi e Honorer s existing in the system can be
mai nt ai ned const ant The iinveRsigadvillomonf bepcppladned in roxgpdetait
Therefore, the ppthed of Xabples. Midwever, iPrief apabieténiear dek te obt ain

the COPOIYer WikDefe £ co Al § SLIRGOUROBLLOLyanBED cON TO! can be

ef fected tor e et hyl ene '
consunption rate wtfhe tﬂlb‘\ﬁlﬁﬁt é§°lsﬁﬁil‘tf)eeﬁ¢% B@c?"?h%‘e*:hyhdﬁéguﬁ ing rate
to the DCPD suppbybornappasatiugserd ralithisasbjected contlistilisttiod, the: nole

fraction of the prgcgymngga §&)e uatb@ t §eidpr med copol ymer can be

control |l ed through t,ﬂb gn‘i be preV| ously introduced
into the r eact %"\%‘?&éf’ce’ﬁ ’tsf?é’rg% en§r(BCPD is relatively
15 - fluorenyl) (cyclopentadienyl) 21rcon1um dichloride was

synthesized according to the method described in J.A.
Ewen et al., J. Am. Chem. Soc., 110, 6255-6266 (1988).
Dimethylsilylene-bis({l-indenyl) zirconium dichloride was
synthesized according to the method described in W.A.

20 Herrmann et al., Ahgew. Chem. Int. Ed. Engl., 28, 1511-
1512 (1989). The ethylene-bis(l-indenyl) zirconium
dichloride used was purchased from Aldrich Co.

The ionic boron compound was trityl-
tetrakis(pentafluorophenyl) borate, used in the form as

25 purchased from Toso Akuzo, KK.

The aluminoxane used was polymethylaluminozane
(PMAO) purchased from Toso Akuzo, KK. and prepared as a 2
M concentration toluene solution.

Triisobutylaluminum[(iBu),Al] was used in the form

30 of a 1 M concentration n-hexane solution as purchased
from Kanto Chemicals, KK.

Vanadium oxytrichloride (VOCl,;) was used in the form
as purchased from Kanto Chemicals, KK.
Diethylaluminum chloride (Et,AlCl) was used in the
35 form of a 1 M concentration n-hexane solution as
purchased from Kanto Chemicals, KK.



| arge with respect to the solubility of ethylene the nole fraction of
t he DCPD conponent in the copolyner is high, 35 while if it is small the
nole fraction is | ow. Therefore, it is preferred that the anount of
DCPD i s set WD 98/ 33830

PCT/ JP98/ 00366 - 42 - wi t h taking
into consi AWPABIM t he ratio VD VE correspondi ng t o PCRAPBNBIG6 ed nol e
fraction of the DCPD conponent in the resulting copolymner. This

met hod is al so preferable since F gan be maintained in the range 5
satisfying expression (I) and constant during pol ynmeri zation until a
hi gh conversion of DCPD is attained if the pressurg r Q__%retial
pressure of et hyl en€REsteaspFeggnts in the exaRpiesHets ™3 e?@?ﬁ i's the

easi est in contfalllowling Iethodshi s net hod, since the concentration of DCPD
s sati sfact ogabys NhsesbRopoald |(3) S esbabar aaghg anzal e
concentration ratio o t in e reacti emis

mai ntai ned in t%trr&ﬂﬁ’ét%%%i@gi ﬁg%gﬁt thﬁé a tempeérgggéﬁt?%etvi%ﬁﬁ atio
gradual | y 3 owerzates of h20 f&/mimi-on 15 proceeds. \When the ethyl ene

pressure is high, tRe18GPRr weigh€oNORNivedhtod Vimcdsawgr nheé€ oras t he
conversi on of DCPD

re €s 60&0 0 reiat t he .c ent [3tisHe ratio of

DCPD t o ASRPERE ?:tarfpgt(:aqﬁg fra hslseﬂ/tﬁl dc?'ﬁc?rhtergggnge exceeding 4.

In such a case,sqldwgipressure or partial pressure of : :
' ' Light transmittance: Measured using an ultraviolet
10 visible spectroscope (UV-240) by Shimazu Laboratories, .

KK.

Haze value: Measured using a UDH-20D automatic
digital haze meter by Nihon Denshoku Industries, KK.
Residual aluninum concentration in polymer:
15 Determined by ICP emission analysis.
Reference Example 1 '
Vanadium catalyst was used for homopolymerization of
DCPD.
After measuring out 87 mg of vanadium oxytrichloride
20 (VOCl,) into a 50 ml volume Schlenk’s flask which had
been purged with nitrogen, 2.5 ml of diethylaluminum
chloride (Et,Al1Cl) in a 1 M concentration n-hexane
solution was added thereto, and the mixture was stirred
for 5 minutes at room temperature for activation. Next,
25 15 ml of toluene and 6.6 g of DCPD were added for
polymerization at room temperature for 13.5 hours, and
then treatment was performed by a ¢conventional method to
obtain 0.40 g of polymer. The reduced viscosity 1,/c
measured at 30°C in a 0.5 g/dl concentration toluene
30 solution was 0.049 dl/g. The 'H-NMR spectrum of this
DCPD homopolymer is shown in Fig. 1. .
The DCPD homopolymer thus obtained was hydrogenate
by dissolving 70 mg of the DCPD homopolymer and 5 mg of
triisobutylaluminum as a catalyst in 10 ml of toluene in
35 an autoclave. The hydrogenation was carried out under a
hydrogenation pressure of 10 atms at 140°C for 6 hours



20 et hyl ene should be lowered. It is noted that the above-

mentioned control is possible in the present invention since no

di rect |inkage between two DCPD conponent units i s produced as
menti oned above contrary to the case where an NB conponent is used.
25 _ In the copol ynerization reaction according to the rocess
of the presenWwPﬁW@ﬁ@

pol ymeri zation still proceeds unl ess the catal yst is deactivated.
Therefore, if the reaction - is contiruBd after the depletion of DCPD,
the resulting 30 product inevitably contain polyethyl ene or copol yners
having an extrenely high nole fraction of the ethylen c nt.
Therefore, it is h?%l‘%‘ed‘egﬂ"?aﬁltereta&me"t wag éztaﬁirﬁé eo‘f:neacrc‘e)é'g ﬁmr::é)% h
taking the final corweangiional methogf tPOPEEdiTt G8cwasPEdihe hyArogenAe se,
the final 35 COPY BN @he DEPRMR Sspdie rARCES SeHid hyaesgemadert] Dappt O

60% or 70% The filnal conversion of rﬁ? may. depends of
- 43 - t heNPRABII™ET %%méh?ﬁ“né“ Hers or the reaction
condi tions, i3 nayRétersgicecErample @eneral within the range of not

hi gher than 95% pref enghlaliuRP4td19e€ was usddl eber abporyrietiizhBion & to
mai ntain the honngeq$i2y of g the resulting polynmer and enhance the
thylene ap i%FP

conver si on of DCPD. €nerally preferable to | ower thetﬁressure
of et hyl ene. The procejure pf Batgrendec Ezarpds |1 (&8s C8F* ¥yl ene in
the pr ef err egusolpi@ntttet U ngnNdné M PGRDovhtTuaownd alsog M- be

consi dered a, g0l veRlyy 26601 4000 b0CO LGN theBugh ¥he scn1ofkY! MK
pressure 1 n e po er'e'I’I zatron reaction sys% em
_ system to create an atmosphere with an ethylene pressure

of 1 kg/cmz. Following 95 hours of polymerization at

room -temperature, treatment was performed by a

conventional method to obtain 1.40 g of polymer. The

15 resulting polymer contained a toluene-insoluble portion:
in a large amount, and as a result of DSC measurement a
broad signal was observed near the crystalline melting -
point of 130°C due to polyethylene or ethylene blocks.
From the polymer, the toluene-soluble portion was

20 extracted with toluene to obtain 0.62 g of a copolymer..
The mole fraction of the DCPD component in the copolymer
was 39% by mole, and the reduced viscosity N,/ C measured
at 30°C in a 0.5 g/dl concentration toluene solution was
0.49 dl/g.' The 'H-NMR spectrum of the copolymer is shown

25 in Fig. 2. '

The ethylene-DCPD copolymer thus obtained was
hydrogenated by dissolving 70 mg of the ethylene-DCPD
copolymer and 5 mg of triisobutylaluminum as a catalyst
in 10 ml of toluene in an autoclave. The hydrogenation

30 was carried out under a hydrogenation pressure of 10 atms
at 140°C for 6 hours and then after treatment was carried
out according to a conventional method to obtain 58 mg of
the hydrogenated polymer. The 'H-NMR spectrum of this
hydrogenated ethylene-DCPD copolymer is shown in Fig. 10.

35 Reference Example 3

An attempt was made to obtain a DCPD homopolymer

i on, even after DCPD has been exhaﬁyﬂﬁﬁwgﬁhe e



I's determ ned by taking into consideration both the DCPD

concentration in the toluene and Fig. 12, but 10 kg/cnferr] or | ower,
preferably 5 kg/cnferr] or lower, and nore 15 preferably 2 kg/cnferr] or

| ower may be desirable. It is not preferred for the ethyl ene
pressure to exceed 10 kg/cnferr], as this will conplicate efforts to :
mai ntain F w t YP88H0 range of the invention. However, BCIJPS/OAdE - - --:
preferred for the ethyl ene pressure to be too low, as the reaction

rate 20 will be slowed and F will be too 9 gh; thus, a val ue of at

| east 0.1 kg/cnR, especially at |east 0.25 kg/cni err] S preferred.

It is nore preferable for the ecar I ed in a
range of from 0.5 B9 ATFES H@?bg “e’(Zg"tfillP‘B’Fﬁ’F‘f'}e) @?ﬁ?‘r%%’ﬁﬁ l(?rnytlﬁ
reaction rate’ and zhlecmamgedZShloridﬁ [hereunder abbrevieged ding the met hod

used for irntroduci fg lag?@fmwzmz as R Wee&lisdbnsy aha@NPMAG dss theual Ly
desirable from an standpoint for the addition to be made

at a constan?r?’&?teer fﬁé‘raﬁié?"e of introduction may be 30 det er m ned
based on the pol yneri zRATtexr meeswring snt 4.2 -mg afeiRt(GH)Flo) 2xGl éatal yst

used, the amount of §6’|nYle%1ume Schl@?ﬂc Ehfléélk th}ﬁ'chDQE’@ %%&5@&'@&1: but
it is preferably % P g%ﬁ h %a rrgl defrned
as the DCPD nFERIS ot e b et of 1B edre
pol ymeri zati on. azM Concentr@weon Pfr waacaddrd rthesets, sAnsiwthet haht’-m![ err]
- 44- a ol / ghd ddidFRM BEEOIE ilinhkbsUht 192 CKeER &ctivdtiiBnl heNext,
00 ot LR P AR Bl 0 one aadde 1
‘polymerization at 40°C for 18 hours, but absolutely no
polymer was obtained. '
Reference Example 4
In oxder to determine the maximum amount of DCPD
15 component which can be in a copolymer of ethylene and
DCPD prepared with a Kaminsky catalyst, polymerization
was carried out with a very large monomer ratio (F) and
in a short time in order to obtain a low yield of the
copolymer.
20 After measuring out 4.2 mg of iPr(Cp)(Flu)ZrClz into
a 50 ml volume Schlenk’'s flask which had been purged with
nitrogen, in the same manner as in Reference Example 3, 5
ml of a toluene solution of PMAO adjusted to a 2 M
concentration of was added thereto, and the mixture was
25 stirred for 10 minutes at 25°C for activation. After
adding 17.2 g of DCPD and raising the temperature to
40°C, an ethylene gas was passed through the Schlenk’s
flask system to create an atmosphere with an ethylene
pressure of 1 kg/cm’. The monomer ratio (F) at the start
30 of polymerization was estimated to be 51 from Fig. 12.
. The reaction was terminated 5 minutes after initiating
the ethylene flow, and after treatment resulted in 0.16 g
of polymer.
The mole fraction of the DCPD component in the
35 - polymer was 50% by mole as determined by "H-NMR

measurement, and the glass transition point was 189°C



DCPD may exceed the rate at which polynerization 5 pr oceeds,

conplicating efforts to increase the overall conversion of the

di cycl opent adi ene. Anot her preferred method for introducing the
DCPD into the reaction systemis one in which the DCPD is

i nt roduced |n a manner corresponding to the rate of 10 et hyl ene ;
consunpt i o090 consunption rate for ethyl ene k e RCTAPIRDOIGGNSt ant -
pressure during polynerization can be easily nmonitored with a gas

fl ommeter or the |ike. Thus, F canede- precisely controlled in
accordance with the consunption rate of ethylene; for exanple, by

i ncreasing 15 the DCPD introduction rate when the reaction rate is high
at the early stBaj89oPnRIG MEASPEEReRE andDRi AP AhyishRasity "np'{‘)'CP
i ntroduction r ateaswited dthe30°€adhi ano ratgydlasoficdritaration tolwwmer d | ater

stage of pol ymed1425bRwas 0.16 dl/g, Shee 'HAGR s g@%&&ﬂ&f the reaction

sol ution 20 I NCr eases as polyne i zatl on proce I's preferred to
ef fect suffici &PPCAYMERLIDFPEYNt hAtFithe 4et hyl ene in the sol ution is
evenly di $per sakfelrencexamupde 6f sufficient agitation is not carried

out in. conditions OfnMolkr co apkbARON (hp SHENLARALAOLHA | AR 36051 LY

exceedi ng 500 25 g Irre arl[%}/ n_the ethyl ene
distribution, SYGYLRNS gh DCEDg & 190 mdwEPLTRE Futogdave was dﬁ@ﬁl &ar
honogenei ty of thie copolymerization at a reActiunlitegppecatiee iofvdlCCon, the

- DCPD concent r attpppep) (Flu)wci h%néoﬂ{ﬁf‘twe% hh&q Sésarn{etQhBQérYéEE“ zation is
30 gener al | i(f 5 to % by wei ght, "preferably by wei ght and

nor e pr ef¥&r abl thC?B°§G%IH§aﬁéP©kﬁur"let wRg dewr’“’ﬁ‘&? H@sﬁ" r™enf or t he DCPD
concentrati on tmethed| esiserebgn polymerizithyn\weag dondas tedi witaywareéader it

difficult to ke@Rrked monor}é‘rt 95915416 Jnﬁngﬁeﬁftﬁeh%o'nogfgiérpQvasand reduce the
35 econom ¢ fﬁam foncent ration of e%r eater than 70% by

wei ght is al so*Gf4ES rta%llé)% 8% {feens $b§sFeRPlymer was lsoldteq, ana
the composition ratio was determined. The results are -
15 shown in Fig. 11(A).

Reference Example 6
- The copolymerization curve for ethylene and NB was
determined in the same manner as Reference Example 5
except that DCPD was replaced with NB. The results are
20 shown in Fig. 11(B).
Reference Example 7
A 100 ml volume autoclave was used to study the
solubility of ethylene in toluene at 40°c. A prescribed
amount of ethylene was introduced into an autoclave
25 containing a prescribed amount of toluene, and after a
state of equilibrium was reached at 40°C, the pressure
was read and the amount of dissolved ethylene at that
pressure was calculated. Fig. 12(C) shows the
relationship between pressure and solubility (molar
30 fraction)} for ethylene.
Reference Example 8
The solubility of ethylene in DCPD was studied in
the same manner as Reference Example 7 except that
toluene was replaced with DCPD. The results are shown as
35 (D) in Fig. 12.
Reference Example 9
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- 45 - the solution may becone too high as pol ynerization
pr oceeds. The pol ynerization reaction tenperature generally

i nfl uences the nol ecul ar wei ght of the polynmer as well
catalyst_actim%hépggg according to the present
d

as b5 t he
invention, it is also

rati o @CTIPBRPISE| s IR

necessary to c Its effect on t he nononer

because the solubility of gases such as ethyl ene, propyl ene and ot her
[err]-olefins in sol vents depends on-tdwe -tenperature in addition to
their 10 pressure or partial pressure. |If the tenperature is

i ncreased, their sol ubi Lty ecreases and F Ls | arger: . . The

pol ymeri zati on tenperat UF TSt “Be SEI e the c?Rﬁi?Wﬁ@ﬁé?Fbﬁ“of t hese
various conditi onsgcopgesition curvgefer sthyldesiambIDECPO- 1201@¢ mjiCvolume
preferably "10- 80[ elafukbc1ardl Wi @sd8 for Hhaf 6961 Pk 220 8A FdLactibRACat a

pol yner i zati on te”ES@ﬁ%&éf%éé%ogagngégéﬂﬁ%Bagky46“5

because this | ower acti vity, and

que

P£F§E§£%§%§%&%§'not

hi gher than 3 fiopeeny k) (Sycaapentadienydhdsixeenisgupichloxielect i vati on of
t he catal yst [asdeumdeni debreatitanNto 28 (Cp) (Flu)Z¥dEH &ongeet i on . of
the pol ynerization_t ' t he pol yner be_obt ai ned b
treating the react ff‘gggﬂégé}ierﬁ 0GBy ”@%nﬁﬁ% ‘i’ﬁa‘?dr;r%\és,a Bﬁ?‘“%ﬁ%reﬁﬁ%h‘/ Hust
be given to pir 2 1RQR-ifoA dsmakar @memnkum from al uni noxane tends to
remin \n pol %m%r-s obt agartﬂczswicuaed@af di%rbfﬁéél?g}])éikswa35intrmfc_ e@akinto
materi al s sugh as qpt P ra ave a um.num,cont ent
of no greate? thanggoﬁgpﬁﬁivﬁo§g ég%fangbfé?e?%ﬁﬁ%}aﬁg G%Q%?QVF?#éﬁdlo ppm
and especi al | y no nitrodefeangdr aftei rrispRy the temperature to 40°C, the -
initial concentration of ethylene dissolved in the

toluene solvent was estimated from the

internal pressure.

The copolymerization curve was determined by a common

i5 method, whereby polymerization was conducted with various

charged monomer ratios and then the conversion was

reduced to 10% or lower, the copolymer was isolated, and

the composition ratio was determined.
shown as E in Fig. 13.

The results are

20 A Finemann-Ross plot was drawn based on these

results, but for a more precise calculation of r_, Fri/fr

and F’'(f’~1)/f’ were plotted with F’ =

{ethylene]/{DCPD])

(=1/F) and f’ = ethylene component/DCPD component of the

copolymer (=1/f) to define r, as the slope instead of the

25 intercept. The results are shown as H in Fig. 14. Since

rp = 0, it was calculated that r, = 1.4

from the slope of

the line passing through the origin. This value was

inserted into expression (II) to obtain 2.2 < F < 16.8.

Reference Example 10

30 A copolymerization composition curve for ethylene

and DCPD was determined in the same manner as Reference

Example 9 except that ethylene-bis(l-indenyl) zirconium
dichloride [hereunder abbreviated to Et(Ind),2rCl,) was

used as the metallocene. The results are shown as F in
35 Fig. 13. F'*/f' and Fr(f'-1)/f’' were also plotted in the

same manner as Reference Example 9. The results are



The a-ol efi n-DCPD copol yner obtai ned by the process 30 of the present

i nvention preferably contains the DCPD conponent at 38-50% by nol e,
especially 38-48% by nol e. Et hyl ene- DCPD copol yners enpl oyi ng
ethylene as the [err]- ol efin preferably have glass transition points
(Tg) in t he range of about 140-190[err]C, especially 140-180[err]C.
35  HoweP 9833 characteristic feature of the inventi oRCTAPISNOBONS| St:S-- "
in the honogeneity of the pol ymer conposition and, therefore, it is
difficult to al ways describe the - 62 WD 98/33830

PCT/ JP98/ 00366 - 46 - feature by
the Tg range. In general, the honpbgeneity of oly I's indicated
by a rel ati onshpPWetdfedniphBigg 14- Singr J@onp‘b»sﬂttl Uﬁst ﬁ%%‘éb‘fat&ﬁd by the

sharloness of thehéﬁgr as 3El%mL@HQesmpet e Igeohﬁégaetshwwﬁ:&@ﬁd : D

copol yners accar ding Lo, the.invention epresente

f ol | owi ng expregg tid valug,was i ’?eg%gﬁ{ &PFq FRFEEIE” rﬁlntr)r] < Tg
<-2.7 +2.84 n{i@r%tﬂln 5.2 < F < 390.59262 nmerr] wherein nferr]
denot es t he nol pefemsiideoBxaMP1Of1it he DCPD 10 conponent in the pol yner

and Lo pithin the ra09ee0thERDac ion IS IILE! Ehrie HE cxnylene | The TO

general ly increases as q S not al ways
true. Even if EH DR ¥ps §E'E?fé“1§‘&ﬁ’el“t‘l"fée same MPN§Ig a&l PF@?’é‘?ﬂceoet ween
t he -cases wher eExdnpldi St pkbept dthat dimethylsilylene-bis(l-indenyl)

zirconium dichloride [hereunder abbreviated to
10 Me,5i(Ind),2rCl,] was used as the metallocene. The
results are shown as G in Fig. 13. F'*/f' and F’'(f’'-
1)/f’ were also plotted in the same manner as Reference
Example 9. The results are shown as J in Fig. 14. Since
'rp = 0, it was calculated that r, = 2.7 from the slope of
15 the line passing through the origin. This value waé
inserted into expression (II) to obtain 4.3 < F < 32.4.
Example 1- '
Copolymerization of ethylene and DCPD was carried
out in the following manner using iPr(Cp)(Flu)ZrClz as
20 the metallocene.
| After setting a bladed stirring rod in a 500 ml
volume 3-necked flask and purging the container with
rnitrogen gas, 90 ml of toluene and 30 g of DCPD were
charged into the contziner. Next there was added a
25 metallocene-PMAO solution prepared by dissolving 40 mg of
' ‘pr(Cp) (Flu)2rCl, in a 46 ml toluene solution of PMAO
adjusted to a 2 M concentration, and activated by
stirring at 25°C for 10 minutes. After it was raising
the temperature to 40°C, the container interxior was
30 purged with ethylene and polymerization was initiated.
Ethylene was supplied while maintaining an ethylene
pressure of 1 atmosphere in the container, and the amount
of incorporated ethylene was monitored with a gas
flowmeter. At intervals of 5 minutes after the start of
35 polymerization, DCPD was introduced into the container in
amounts of 0.6 mole to one mole of the ethylene



15 of the copolynmer conposition is broad and where it is nar r ow.
As nmenti oned above, DCPD- DCPD |inkages may be formed when a
Ziegler-Natta catal yst is enpl oyed. Therefore, copol yners having a
nol e fraction of the DCPD conponent of rmnuch hi gher than 50% by nol e
and copol yners 20 having a nol e fraction of the ethylene conponent of
much WP gHE®3% han 50% by nole are formed in conbi nat PETHIRARNGISE  _ - -1
t he concentrati ons of DCPD and ethylene in the reaction system are
precisely maintained constant during - 63 polynerization reaction. In
this case, the Tg and nferr] do 25 not satisfy the above-nentioned
expression. Thys, even |f a netal |l ocene catal yst as used in the

present i APENTRUTRGEE gﬁﬁ]"{g/eta‘,atcP?E"t%ﬂ 11 A& BB YRy PERET oF1] he
conponent s havi agast miylpodwkerizaciononaoémalie agbhyt eple isopropgndhonent i s
cgncurrént Iy fgwsda&d&a tbhuérTimetTghanﬂemgorrJ. ?@heftc{i@lnﬁhoﬁﬁéicﬁf y. the
preci sely cont r B R aEgorh; hge Contalipe aiees OBNT-PHLEH i on. Contrary to
this, the 5 pebyesniratigncomrdlidfy 4t 6- t Hehereashion Mistiurenwas highly -
honbgeneous andaddéterdropivese exiilistirain@! @itdc0ashapgsyuantheyveen the Tg
and nierr] fal '&Q&ﬂ&lhir%bﬁgﬁ?%%‘gﬁfw} € hydrochfOONE B8 kgned
expr essi on.
PCT/ JP98/ 00366 Precipitate white solids. The solids_wegre collected by
Furthernore, theifefdion,ofashel [stictbsolwdliynwidekDacetone, methanol
10 and water, and finally dried to yield 63.4 g of the
copolymer.
The mole fraction of the DCPD component in the
resulting copolymer was 43% by mole, and the glass
. transition point was 162°C. The.DCPD conversion was
15 therefore 71%. Estimation of the molar ratio (F) for
this polymerization reaction based on Fig. 12 gives 12.3
at the starting point of polymérization and 6.6 at the
end point. A definite glass transition point was found
through DSC measurement, and since absolutely no
20 crystalline melting point was observed corresponding to
polyethylene, it was confirmed that none of the copolymer
produced contained polyethylene or partial crystalline
ethylene blocks. The H, g5/H; 45 was estimated to be 0.02
by-lH-NMR, suggesting the absence of DCPD component
25 linkages, and the 1/4 x (I,;/I;,) was estimated to be
0.00, suggesting the absence of the ethylene component
blocks which cause to form unfavorable crystalline
portion. The reduced viscosity 1,,/c measured at 30°C in
a 0.5 g/dl concentration toluene solution was 0.58 dl/g,
30 which was a sufficiently high value.
Example 2
Copolymerization of ethylene and DCPD was carried
out under the same polymerization conditions as Example
1, except that the charging amounts in Example 1 were
35 changed from 90 ml to 200 ml for toluene, from 40 mg to
20 mg for 'Pr(Cp)(Flu)zrcl, and from 46 ml to 23 ml for



copol ymer according to the present invention is indicated by
sharpness of the glass transition tenperature. The copol yner
according to the invention may have a 5 tenperature di fference (ATQ)
between the falling point and the rising point in the DSC curve

t her eof of not hi gher than 15[err]C, preferably not higher than
13[err] C. WO 982383 yners produced by a process or under g"

falling within those according to the invention have a 10 very broad Tg
range or peaks corresponding to the neltivgs - poi nt of polyethyl ene or
t he copol yneri zed et hyl ene bl ock conponent are observed in the DSC
curve thereof, which are bot h not preferred The nol ecul ar
wei ght of the [erjheoP¥RP ftdaspecspbyimdy- 1 obt ai ned by the process of
the invention has a renticesd hours ufrse:mstrhhys[:ert J9fc paiymerizatientha range

of 0.1-10 U/, anla1y amodHiSLA 3bbifrépetiod Ghd Caoadbotsbhisidrer fieS g/ d

concentration | uene utio I I ower than 0.1
dl/g to avoid a ré:(?ﬁﬁf'?‘% i #i%@&@ﬂa?ﬁ%‘"&h%a@‘?%% ?t%f%ésIc1 of the

mol ded product, am®nitainer gfafer sheystmtt Iqrfghelymerlzattlﬁanwii) 4A-Pg9to avoid
an increase in thepeegblcfid mixture WaxC @obl¥c¥éd b @i)ﬁehaﬂf@ftmkt in -

nmol di ng. The nol ecul ar i ght. of 't e re | t.i,n o) , may be
control l ed by a kﬁe\ﬁnsﬁ’ﬁ?%@ne§u8ﬁvg’§ pryi hg 4 5073 gs%:frll ed anmount
of hydrogen to theopelyne¥i zation reacti on system varyi ng the

catal yst concentrati ontRé mole fr¥dtybmgedthe peolynemcrat tonpérenpenat the. The

ol ecular g el gl ol Ui AURLLRIE: BRDL60801 0 TR ENa Gt ol 1

as desired by addln in 30; such as

1- hexene. The arrmafﬁf‘stl‘f’hé’%nGI €8f nt4dded Hﬁ? StrD °°B?5665b°3‘ 5% or Iess
preferably 0.02 naherefotesses.bagetimation ofi themicdasf rBERD. (F) for

Copolymer (X[err])inis zp} mel?lzg(aggtry c J]%Llef)%;éd %C%q' nthCP.I.\)té%eB' mvention

consists 35 essent | e of an a-ol c r’g%__one‘nt
represented by thé hPoRFHgF Mg RELRE (93?[ é’Prl}’Te’éi'ﬁ?téfnlﬁﬁg/ Ey?

15 end point. A definite glass transition point was
exhibited with DSC measurement, and since absolutely no
crystalline melting point was observed corresponding to
polyethylene, it was confirmed that none of the copolymer
produced contained polyethylene or partially crystalline

20 ethylene blocks. : The H,; s/H; s was estimated to be 0.03
.by'lH—NMR, suggesting the absence of DCPD component
linkages, and the 1/4 x (I,3/I,,) was estimated to be
0.02, suggesting the negligible amount, if any, of the
ethylene component blocks which cause to form unfavorable

25 crystalline portion. The reduced viscosity n,/c
measured at 30°C in a 0.5 g/dl concentration toluene
solution was 0.68 dl/g, which was a sufficiently high
value. The 'H-NMR spectrum of the copolymer is shown in
Fig. 3.

30 Example 3

Copolymerization of ethylene and DCPD was carried
out in the following manner using a 500 ml volume
stainless steel autoclave equipped with a stirrer as the
polymerization apparatus and using LPr(Cp)(Plu)ZrClz as .

35 the metallocene.

After purging the autoclave with nitrogen gas, 80 ml

PERUPIBOBIE not = -1
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- 48 - nol e of a cycl ool efin conponent represented by the

following formula (B[err]). 5

[err] wherein R err] is a hydrogen atomor a saturated aliphatic
hydrocar bon group of 1-16 carbon atoms. As saturated al i phatic

hydr ocar borf¥ 8 there may be nentioned al kyl 10 gr oBEEIRIBOB66. 6 carbon
atons, such as nethyl, ethyl, propyl and butyl.

[err] 15 wherein Rerr] is a hydrggen atomor a saturated aliphatic
hydr ocar bon group of 1-16 carbon atons. As saturat ed . aliphatic

hydr ocar bon groups there may be nentioned al kyl gtroups of 1-16 carbon
atons, such as RétfgAuens gpf 60 g of BFBBWG%&hBEE?‘F in The
repeati ng unit ceptaiver.edNeyt fioremel @ad Ahddead Ja abbaklocene-PMAASt i t ut es

0-39% by nol e, ggg&@{dﬁ}plpy:eg,éggbgydqgggl 40 mg JPre preferabl y 5-35% by
nol e of all of ;he repe?tl N Lsit E he regg&tlnﬁlﬂu’gl f’r:.epresent ed
by formula (B[errj{PIF e‘”éoah t BRLRPN GBI hY° MBPef erabl y
62-99% by 5 - adjusted to a 2 M concentration, and it was activated by :
stirring at 25°C for 10 minutes. After raising the
temperature to 40°C, the container interior was
substituted with ethylene and polymerization was
initiated by increasing the ethylene pressure to 2
10 kg/cm’. The amount of incorporated ethylene was
continuously monitored with a gas flowmeter, and the-
ethylene pressure was lowered successively from 2.0 - 1.6
- 1.2 - 0.8 ~-0.4~0.2 kg/cmz every time 80 mmol of
ethylene was incorporated. The pressures of below 1
15 kg/cm2 are the partial pressures of ethylene in the gas
mixture with nitrogen. At 4 hours after the start of
polymerization, the reaction was terminated by adding a
small amount of isopropanol at the point at which the
ethylene pressure (partial pressure) was lowered to 0.2
20 ' kg/cmz. The reaction mixture was subjected to after
treatment, in the same manner as Example 1, to yield 56.1
g of the copolymer.
The mole fraction of the DCPD component in the
resulting copolymer was 46% by mole, and the glass
25 transition point was 175°C. The DCPD conversion was
therefore 75%. Estimation of the molar ratio (F) for
this polymerization reaction based on Fig. 12 gives 10.8
at the starting point of polymerization and 27.5 at the
end point. A definite glass transition point was
30 exhibited with DSC measurement, and since absolutely no
crystalline melting point was observed corresponding to
polyethylene, it was confirmed that none of the copolymer
produced contained polyethylene or partial crystalline
ethylene blocks. The H, g/H; ,s was estimated to be 0.06
35 by 1H-NMR, suggesting the absence of DCPD component

linkages, and the 1/4 x (I, ,/I;,) was estimated to be



nol e and nore preferably 65-95% by nole of the sane. Copol yner

(X[err]) has a reduced viscosity [err]/c in the . range of 0.1-10 dl/g,
and preferably 0.2-3 dl/g, at 30[err]C 30 ina 0.5 g/dl concentration

t ol uene sol uti on. Copol ynmer (Y[err]) Oopol ymer
(Y[err]) accord| ng to the invention consists essenti al | repeat| ng
units repr WOSMBBEI0 by t he fol | owi ng formul as (A er r BCTIRHN

(err]) and (D{err]) below. 35 40 - WO 98/ 33830

PCT/ JP/ 00366 - 66 - 49 - wherein Rl is a
hydrogen atom or a saturated ali phatic hydrocar bon group of 1-16

carbon atons. As saturated hatlc h rocq1 Sndrler € may be
ment i oned al kyl0-00. s“@?%%"p’s“‘-bfthf ;aL DD &k ég £ suc ﬁ@e% et hyl,
5 propyl and ildojds. which cause to form unfavorable crystalllne
portion. The reduced viscosity ns/c was 0. 46 dl/g,
which was a sufficiently high value.
5 Example 4
Copolymerization of ethylene and DCPD was carried
out in the following manner using the same polymerization
apparatus and metallocene as Example 3.
After purging the autoclave with nitrogen gas, 100
10 ml of toluene and 40 g of DCPD were charged into the
container. Next there was added a metallocene-PMAO
solution prepared by dissolving 40 mg of
iPr(Cp)(Flu)ZrClz in a 46 ml toluene solution of PMAO
adjusted to a 2 M concentration, and it was activated by
15 stirring at 25°C for 10 minutes. After raising the
temperature to 40°C, the container interior was
substituted with ethylene and polymerization was
initiated by increasing the ethylene pressure to 2
kg/cmz. The amount of incorporated ethylene was
20 continuously monifored with a gas flowmeter. The
_ ethylene pressure was lowered successively from 2.0 - 1.7
-~ 1.4 - 1.1 - 0.8 - 0.5 kg/cm’ every time 80 mmol of
ethylene was incorporated. The pressures of below 1
kg/cm2 are the partial pressures of ethylene in the gas
25 mixture with nitrogen. Simultaneously, at intervals of 5
minutes after the start of polymerization, DCPD was
introduced into the container in amounts of 0.4 mole to
one mole of the ethylene incorporated during that periocd.
At 3 hours after the start of polymerization, the
30 reaction was terminated by adding a small amount of
isopropanol at the point at which the ethylene pressure
(partial pressure) was lowered to 0.5 kg/cnﬁ. The total
amount of DCPD added to the container after the start of
polymerization was 21.2 g. The reaction mixture was
35 subjected to after treatment, in the same manner as
Example 1, to yield 54.4 g of the copolymer.



10 [err] wherein R err] is a hydrogen atom or

a saturated aliphatic hydr ocarbon group of 1-16 carbon atons. As
sat ur at ed al i phati c hydrocarbon groups there may be nentioned al kyl 20
groups of 1-16 carbon atons, such as nethyl, ethyl, propyl and butyl.

[err] 35 erein nis Oor 1; mis O or a positive integer of 1-3,
preferably O (yyo%)ss

~different and each represents a hydrogen atom a hal ogen 40 atom an
aromati ¢ hydrocarbon group of 6-10 carbon ~atdns ~or a saturated
al i phati c hydrocarbon group of 1-12 carbon atonms. As aromatic

hydrocarbon groups of 6pHd ne8EkP@Raction o2t OHE B CofiBY¥nde: TeNkhagned aryl
groups such as phe%l@.ulting c%gglngghtwgyl ,453%1 t hqse may be SLi%Sstsl tuted with
an al kyl opolymer was y moie, g
transition point was 171°C. The DCPD conversion was
therefore 71%. Estimation of the molar ratio (F) forxr
5 this polymerization reaction.based on Fig. 12 gives 7.3
at the starting point of polymerization and 11.8 at the
end point. A definite glass transition point was
exhibited with DSC measurement, and since absolutely no
crystalline melting point was observed corresponding to
.10 polyethyleﬂe, it was confirmed that none of the copolymer
produced contained polyethylene or partial crystalline
ethylene blocks. The H,; g/H; s was estimated to be 0.05
by 1H—NMR, suggesting the absence of DCPD component
. linkages, and the 1/4 x (I,3/1;,0) was estimated to be

15 0.00, suggesting the absence of the ethylene component
blocks which cause to form unfavorable crystalline
portion. The reduced viscosity N.p/C was 0.50 di/qg,
which was a sufficiently high value.

Example 5

290 Copolymerization of ethylene and DCPD was carried
out under the same polymerization conditions as Example
1, except that 38 mg of ethylene-bis(l-indenyl) zirconium
dichloride was used as the metallocene instead of the 40
mg of iPr(C_p)(F_lu)ZrClz used in Example 1.

25 At 3 hours after the start of polymerization, a
small amount of isopropanol was added to terminate the
reaction. The total amount of DCPD added to the
container after the start of polymerization was 41.7 g.
The reaction mixture was added dropwise with stirring

30 into a large quantity of methanol rendered acidic with
hydrochloric. acid to produce a precipitate. The
precipitate was then collected by filtration, washed
successively with acetone, methanol and water, and
finally dried to yield 62.9 g of the copolymer.

35 The mole fraction of the DCPD component in the
resulting copolymer was 41% by mole, and the glass

% s 0 or 1; and Rlerr]-Rerr] are the saREIKRMIO0366  _ - -3
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- 50 - group of 1-3 carbon atons such as nethyl. As saturated

al i phati c hydrocarbon groups of 1-12 carbon atons there may be
menti oned al kyl groups such as nethyl and et hyl and cycl oal kyl
groups such as cycl opentyl and cycl ohexyl. 5 Alternatively,

Rl err] and Fﬁgﬂ% Rlerr] and Rl err] may together PETHP/P0365 -
al kyl i dene group such as nethylidene or et hylidene, or Rlerr] or
Rlerr] and Rlerr] or Rerr] may form togetelBer with the two carbon
atons to which they bond a ring whi ch nay be an aromatic ring. 10

[err] 15 IS an ger refer 3 or 4.

The conposition r&FFB%”O’fC’"[ R[’éPF]‘TaS [%Pt"ﬁr] ]T]“T &?@g ']:? Mand %bé?%] ]

whi ch represent thbenefewe pdtcenkstigfatine e ﬂP&érZEPtl° r&Ped®¥ng units
(Alerr]), (Blerr]}niéQG&Iynelriandid@atklioh rba‘s?erapbyrrrmg( \rﬂ) gives 12a¥ e as

fol | ows. Bl.err] £ LL)
95-99.9/0.1-5, andt ch Jtart]lrar%%r'[t gt bé ‘%L"g”aa ert |§[ ]S%rﬁ“
0-39/ 61- 100, 3and end poingy. of érésfymf—essﬂegsggranql erlrlj’?r'[fc["ér"r]) =
0- 95/ 5-100, and 2%2xhibpteaf aridhl Pps@ ENs2RehOft, and since absCdpseyyemo.

(YLerr]) has a redyged, ¥5e0Rbi¥i A ddiht bhs 'difserved corresponding to
polyethylene, it was confirmed that none of the copolymer
produced contained polyethylene or partial crystalline

10 ethylene blocks. The H, g5/H; s was estimated to be 0.03
by 'H-NMR, suggesting the absence of DCPD component
linkages, and the 1/4 x (I,,/I,.) was estimated to be
0.02, suggesting the negligible amount, if any, of the
ethylene component blocks which cause to form unfavorable

15 crystalline portion. The reduced viscosity Nsp/C
measured at 30°C in a 0.5 g/dl concentration toluene
solution was 0.73 dl/g, which was a sufficiently high
value.

Example 6

20 Copolymerization of ethylene and DCPD was carried
out in the following manner according to Example 1, using
iPr(Cp)(Flu)ZrClz as the metallocene and trityl-
tetrakis (pentafluorophenyl) borate (hereunder abbreviated
tc [(Ce¢Hs)3C]1 [B(CsFs)s) ) as a promoter catalyst.

25 The same polymerization apparatus was used as in
Example 1. After purging the container with nitrogen
gas, 140 ml of toluene and 30 g of DCPD were charged into
the container. Next there was added a catalyst solution
prepared by dissolving 10 mg of ‘pr(Cp) (Flu)2rCl, and

30 21.4 mg of [(Ce¢Hs)sC) [B(C¢Fs)s]” in 1.5 ml of a solution of
triisobutylaluminum (1 M concentration n-hexane
solution), and it was activated by stirring at 25°C for 5
minutes. The rest of the polymerization was conducted
exactly as in Example 1. At one hour after the start of

35 polymerization, the reaction was terminated by adding a
small amount of isopropanol. Phe total amount of DCPD



range of 0.1-10 dl/g, and preferably 0.2-3 dl/g, as measured in a
0.5 g/dl concentration toluene solution at 30[err]C. 30 The
hydr ogenat ed-type [err]-ol efi n-cycl ool efin copol yner (X[err])
according to the present invention exhibits high | evel of
alternation and, thus, high honbgeneity. This can easily be

under st ood W@ 8H3Me fact that the precursory [err} PET/ERIBIBOSBCPD — -. --:°
copol ymer has high level of 35 alternation and hi gh honogeneity. This
is also clear fromthe conmparisengof-[err] H NVR spectra of the

hydr ogenat ed DCPD honopol yner and hydr ogenat ed et hyl ene- DCPD

copol yner obtained in Reference Exanples 1 and 2 with those of the
VWO 98/ 33830 added to the container after the starp@f podamggiprtion

- 51 - hydrzxyangtedTnﬂtndaemee£XHI}un&pohysEsubjdmhaaned after

Exanpl es 21-23. s€en {onEig 5]¢§ |

spectrum of the ﬁgﬂ#gbenateJKD%E%k g%§%é$3%%?§a&8ﬁa a ne gwgerence
Exanple 1 by hy®F og¥n&CPRYYRSe DCPD 5 honopolyner, whi ch mas obt ai ned
usi ng VOCl $err]-Et|[ ethe] Abuz Braction of hichec ICRDYsOmpdrenthyidr tigenat ed DCPD

honopol yner Ethégﬁfilng copdfydéﬂoQQ§d4P?QK5nb@eth&héfﬁﬂie efhsabout [err] 0.7
to 3.0 ppm br oadéni n Fh@ based on the |inkages
e

bet ween t he trlEf/?:‘}so‘[td'oﬁ B e ]gg‘éaq‘re ¢ BWETPI" “$%ferred to as
tricycl odecane)thengforen? 3tni tBstimptbem of theFmgla41¥a§thMﬁg fde [err] H NWR

SDECtrl“n of t heckydlHA9RaL shtion reaction based on Fig. 12 gives 12.1

10 at the starting point of polymerization and 6.0 at the
end point. A definite glass transition point was
exhibited with DSC measurement, and since absolutely no

. cxrystalline melting point was observed corresponding to
polyethylene, it was confirmed that none of the copolymer

15 produced contained polyethylene or partially crystalline
ethYlene blocks. The reduced viscosity 1,,/c measured at
30°C in a 0.5 g/dl concentration toluene solution was
0.55 dl/g, which was a sufficiently high value.

Example 7

20 Copolymerization of ethylene and DCPD was carried
out under the same polymerization conditions as Example
6, except that 9.6 mg of ethylene-bis(l-indenyl)
zirconium dichloride was used instead of
*Pr(Cp) (Flu)ZzrCl,.

25 At 2 hours after the start of polymerization, a
small amount of isopropanol was added to terminate the
reaction. The total amount of DCPD added to the
container after the start of polymerization was 40.5 g.
The reaction mixture was subjected to after treatment in

30 the same manner as Example 1 to yield 63.3 g of the
copolymer.-

The mole fraction of the DCPD component in the
resulting copolymer was 42% by mole, and the glass
transition point was 158°C. The DCPD conversion was

35 therefore 70%. Estimation of the molar ratio (F) for
this polymerization reaction based on Fig. 12 gives 12.1



et hyl ene- DCPD copol yner obtained in Reference Exanple 2 by

hydr ogenating the ethyl ene- DCPD copol yner, which was obt ai ned usi ng

VOCl [err]-Et[err]AIC as the catalyst, it is seen 15 that the

hydr ogenat ed et hyl ene- DCPD copol yner exhibits sharp peaks around

[err] 1.07, 1.3, 1.47, 1.65, 1.8, 2.0 and 2.4 ppm However, the peaks -
overlap with YREId peaks observed at [err] 0.7 toPRGTEPIBOPA6En t he- -
spectrum of the hydr ogenat ed DCPD honopol yner. This suggests that the

20 copol ymer contains the tricycl odecanegocenponent |inkages

despite that it contains 39% by nole, i.e., much |ess t hat 50% by

nol e, of the tricyclodecane conponent. In caddition Oé(k)be val Eey
observed at [err] 25. Shpphattipfepoint ofsBRLYPSTAZH 1PReARY ft Ty &fafBd
et hyl ene- DCPD copehsinpeindi.d 25defimigte igdues atxhged thont prirtorwassponding to
th shoul f[:fe(rj exﬁbﬁﬁiér?dzi%h ﬁs@-n?eal%m‘bitnani,hQatn'ip?fihéén;Kgcilhdtely noH— VR
ydr ogenat e onopol yoer.  .Contrar o this,_in Ler
spectra of the hyﬁfggg%a%’éﬁ g‘?bﬁ%f’é%@%%%ﬁi%p%ﬁ?ﬁ?@ Cbrresr’@o"t%élk e%fli n
Exanpl es 21- 83, t pelyerhwlspendihgwamiconfime? 3@t nogedelFhsoCeBf WISt
reachi ngdt he basepkbagced Uﬂir&a_im;d pﬁil@@itﬁ?l@ﬁe tdgafpakhﬁapﬁﬂﬂg&r:ﬂaﬂlﬁ.hése
spectra do not overla t e broad peaks
tricycl odecane e%yg%nn%é)r%gﬁ 1 nihaegeé',”/g’l(’j”i Wéashﬁgg%géejtneg{]eté §?h§’/1 %he- DCPD
copol yner accordi hg tto NMRe pregsmtingnvhatabksendeesf ntPIBTomponemt ai n t he

tricycl odecane CORpPRR ’I iAkaggrs 1780 (1 1.COUNSE «B¥Shatdh tthepkerr] H NVR
spectra of the hydr og%r%ﬁ ec'la . /. V\é) bé// §3°gj§0 < @
PCT/ JP98/ 00386 0.00, suggesting the absence of the egbylene component

blocks which cause to form unfavorable crystalline
portion.  The reduced viscosity n,,/c measured at 30°C in
a 0.5 g/dl concentration toluene solution was 0.78 dl/g,
" which was a sufficiently high value.
15 Comparative Example 1 '
Polymerization was carried out under the same

polymerization conditions as Example 1, except that no
DCPD was added after the start of polymerization. At 60
minutes after the start of polymerization, a small amount

20 of isopropanol was added to terminate the reaction. The
reaction mixture was subjected to after treatment in the
same manner as Example 1 to yield 34.6 g of the
copolymer. The mole fraction of the DCPD component in
the resulting copolymer was 36% by mole. The DCPD

25 conversion was therefore 84%. Estimation of the molar
ratio (F) for this polymerization reaction based on Fig.
12 gives 12.3 at the starting point of polymerization and
2.0 at the end point. The glass transition point was
measured to be 130°C by DSC, but a broad change in heat

30 capacity was exhibited and the glass transition point was
indefinite. However, no crystalline melting point
corresponding to polyethylene was observed. The reduced
viscosity n,/c was 0.75 dl/qg.
Comparative Example 2

35 Polymerization was carried out under the same
polymerization conditions as Example 3, except that a



et hyl ene- DCPD copol yners according to the present i nvention, the

peaks are sharp at [err] 1.07 to 1.8 ppm but t he vall eys anong the
peaks do not have deep bottons. However, it is noted that this is
because of the 5 exi stence of very many peaks-in these area but is not
based on the existence of the tricycl odecane conponent | i nkages.
From t he aboveW®d#3¥8&rations, it can be said that a ; RCAGPI8036E - - -
(H[err]/H[err]) of the |ntensity (H 2.20) of the valley 10 at [err]

2.20 ppmto the intensity (H[err]) of the peak at [err] 2.40 in a
measured [err]H NVR spectrumis a good neasure for identifying the

exi stence of the tricycl odecane conponent i nkages in,the

hydr ogenat ed et hyl €pRs tESpetBpbeRA@resppre of 2 tkﬂéc’ﬁrg’gén'f‘ai"h Ve %n, the

Hlerr]/HJ[err] raahﬁlﬂgaythbepabfmézﬁzatlanrﬁeddﬂbno (074 q:rreeﬂmenabaf/tmt nor e

t han 0. 05. - For H r t he
hydrogenat ed et hﬁ%ﬁh%&%}ﬁn&i{l&gﬁ% J Sha ]Lé Qﬂid.‘fhﬂ os

CO obt ai ned.-in eference Exarrple 2
is 0.13, while thoé%°?’f?&a'ﬂ€lcﬁi’)%liﬂ?érds¥8b'f%‘f‘?fé@t?n he reactions et$1.23 are
0.038, 0.031 and Oré8aekiaresystire/ otas. sBbjected to FARbehyuhesgmantedn the :
[err]-ol efin-DCPD g%@'ﬂ%@rogsaﬁmml to yidiRespr9cessE @het he present

invention is characterlze by t he honngenelty of the polyner .
conposi tion. Like FARPIYMEI- tase of the corresponding [err]-ol efi n- DCPD
copol ymer, the hdtheg endet Srasft ivnechythe SRRt campanAdf iif- BPD

copol ymer 25 sfé&sii&%@opm%éxel@y 99% m}ﬁ n‘%j?_b\l\/e_?_l'hé hepbgcafidersion e
conposi tl on ereor _a r (> e a e
Tgngf t he hy&&ogeng?%gtqﬁ%éf €?h§ PRERInglidd e I P ratllg)mglg)e g |

ene- cyIcIoo ef1’n copo
according to the i hbbitRdymeajzdeion reackipn dpsrdedn bjiqH heuf SH’%‘W Hy8

expression: 30 at the si%rhrtg 2p<ﬁ.4xtnber15c}:lyhné}1(23620m{£fd’ 0.26Tgt the?. 7 +

2.84 the
mol e Pi:;:%on+(@6 e?d ??1nt B§$%Mgg hent revé@@@&eénléﬁda’%de@ﬂ@%ﬁ%% €

ricyclodecane cofponent he pol yner and
iswithinthe Peillaﬂg%’roflzpr%mas‘t‘fb/é@ﬁ}’%‘l'@]]h@ew@’c}t% PPéHfJer ature
di fference 3%s (Adgredivinteay tdedlaklthpliepoiort partidhenyvissaAdipdi nt in
the DSC curve thergof,jshd'@hoPkdhes LBRBrd2d &F pon PE&I&IARNg the |
copolymer in toluene, an insoluble portion was confirmed.
DSC measurement after removing the toluene-soluble
portion revealed a glass transition point, though broad
20  and indefinite, at 114°C. The reduced viscosity n./C
' was 0.85 dl/g.
Example 8
To a 300 ml volume autoclave there were added 15 g
of the ethylene/DPCD copolymer obtained in Example 1, 90
25 ml of toluene and 0.08 g of the hydrogenation catalyst
RuClH(CO)PPh,;);, and hydrogenation reaction was carried
out for 5 hours at 170°C with a hydrogen pressure of 40
kg/cmz. The reaction mixture was reprecipitated in
methanol, and filtration, washing and drying yielded 14.8
30 g of the copolymer.
The 'H-NMR spectrum (with deuterized o-
dichlorobenzene as the solvent) of the resulting
copolymer showed that the signal appearing at 5.5~-5.8 ppm
due to unsaturated bonds in the DCPD had completely
35 disappeared, and the hydrogenation rate was 99.9%. The
peaks near 4.8-5.0 ppm representing the terminal double
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- 53 - not hi gher than 13[err]C. Production Process
(Hydr ogenati on Treat nent) Since the [err]-ol efin-DCPD copol yners
obt ai ned according to the invention (copolyner (X) and copolynmer 5
(Y)) contain unsaturated double bonds in the pol yners, t hey | ack i,
thermal st%Bi%PPEP and are therefore unsuitable f or PGENPIBHBI6Ei ng- - -
however, addition of hydrogen to these copol ymers for hydrogenation
of the unsaturated double bonds drrgstically inproves their therma
stability so 10 that nmelt nol di ng becones possi bl e. The

hydr ogenation rate in_ the hydrogenated a-ol efin- DCPD cogolyner (rate

of hydrogen ad8PRf%PE dhengopolymex,had; alsg heedoBEECHITFER i sThE ' | east
99% pref erabl yedtced viscbeasy fQ/S%aand. sdrdl fy,ehedabd yregucitéast 99.9% A

15 ydr ogenq%, ‘ ﬁé‘léﬁl%r%ehﬁfé v}a@aBFQ&@ J:'i%ﬂe%hé ﬁ@&oﬁénhhon

results in insufficient ther st ahi ,a tendency d

col oration dur FR§ FASS FSRBFAGLON ROLRE 't‘,%%elsdlf c. "lrt‘ﬁ]nl@ E}BEH?CP%%I yNer s
W t h unsasur at éaon oedfcerebbpdsogematiien. main chain, the glass transition
point is sharphxaﬁ9m§@ﬁd 20 by hydrogenation, but in the case of the

a- ol efi n- DCPD nmers of the iny n, the rated double
bonds are si tﬂ%[yg'ﬁ%ﬁag’r% W@ﬁaFﬁgrb?yé’r“ A ?ﬁlcg l&ctﬂ?’%s o)
mannexr as Example 4, and the reaction was termlnated by -
addition of a small amount of isopropancl. After adding
10 0.2 g of the hydrogenation catalyst RuClH(CO)PPhy);,

hydrogenation was conducted for 5 hours at 170°C with a

hydrogen pressure of 40 kg/cmz. The reaction mixture was

subjected to after treatment in the same manner as

Example 1 to yield 54.2 g of a hydrogenated ethylene-DCPD
15 copolymer.

The 'H-NMR spectrum of the resulting copolymer
showed absolutely no signal due to unsaturated bonds, and
the hydrogenation rate was 99.9%. The composition ratio
of the hydrogenated DCPD component was 45% by mole as

20 determined by BC-NMR measurement, the glass transition
point was 170°C and the.reduced viscosity.n”/c was 0.49
"dl/g, which were almost the same values obtained in
Example 4.
Example 10

25 The hydrogenated ethylene-DCPD copolymers obtained

~ in Examples 8 and 9 were further purified, and the

residual aluminum content in each polymer was reduced to
under 10 ppm. After adding 0.5% by weight of Irganox
1010 to the copolymer, it was used for injection molding

30 at a resin temperature of 300°C, to obtain panels each
with a thickness of 1.2 mm. Both panels had very high
transparency, and the light transmittances at 550 nm
wavelength and the haze values were, respectively, 91.8%
and 1.0% (copolymer obtained in Example 8) and 92.0% and

35 0.8% (copolymer obtained in Example 9).
Comparative Example 3



that the glass transition point is changed rather little before and

after hydrogenation. 25 The ends of pol yners obtai ned using

Kam nsky catal ysts usual ly include unsaturated doubl e bonds

provided a nol ecul ar wei ght adjuster such as hydrogen is not used.

These term nal_doubl e bonds are undesirable since they pronote L
crossl i nki ng ﬁ@gefgﬁﬂ’durlng mel t 30 mol di ng, generating TRBEP6Hy o5+ = -
the present invention provi des an advantage here by giving copol yners
with no term nal doubl e bonds, as a-+@&dukt of hydrogen addition.

The hydrogenation nmay be carried out by a knomn met hod using a

hydrogenation catalyst. = For_ a-olefin

c
i nvention, the hydrogersd Eﬁhﬁﬁ?"%é’cm c°£’8]a¥'?‘?resd gg?’%ﬁae‘r” QSPQfTaneand
purification of thBxamples pohpde? wenet eathi sydmrgenpkef excdsingingohe an

econom ¢ EX!%§E¥1%38§Q obtain hydrogenated ethylene—DCPD
PCT/ JP98/ 00366 54 standp0|nt

for the hydrogenatF?PP%X?ﬁ&g Wikh hyfrogenarien rates °60?5ﬁ%%|2a9|0n whi l e
the pol ymer i§ stihigher.soRdtporpurificatdem in fthehisame naes, ashBXyi@act ed

DCPD in the D@'Mﬂﬁrll 2abi pEs St bQﬁmﬁnﬁ@ doREehgoes thedeagewidOn into
> tricyclo[4.3.0.1[erf]] ‘Iﬁcagn‘? P Lga‘f,e IS oQOEr§$x§§x %Iom was Probl em

since it can be eaS|Ty I“Srroved? Yy’ purifi
hydrogenation. |t addediiang Baipreiay F‘\@dledfﬁs carried ol AtdpoFAtinf t he
properties and partémpdraduyet 88 300°C, to obtain plates each with a

10 thickness of 1.2 mm.

Unlike Example 10, these plates had low transparency
and considerable haze. 1In particular, the copolymer
obtained in Comparative Example 2 has considerable
cloudiness and no transparency. The light transmittances

15 at 550 nm wavelength and the haze values were,
respectively, 82.3% and 10.6% (copolymer obtained in
Comparative Example 1) and 48.6% and 43.9% (copolymer
obtained in Comparative Example 2).

Comparative Example 4

20 Copolymerization of ethylene and NB was carried out
under the same polymerlzatlon conditions as Example 1,
except that 21 g of NB was used instead of 30 g of DCPD.

At 30 minutes after the start of polymerization, a
small amount of isopropanol was added to terminate the

25 reaction. The total amount of NB added to the container
after the start of polymerization was 5.6 g. The
reaction mixture was subjected to after treatment in the
same manner as Example 1 to yield 21.7 g of an ethylene-
NB copolymer. The mole fraction of the NB component in

30 the resulting copolymer was 67% by mole, and the glass
transition point was 208°C. The NB conversion was
therefore 71%. Assuming the solubility of ethylene in NB
to be about the same as in DCPD, the molar ratio (F) is
estimated to be 12.2 at the starting point of

35 polymerization and 4.3 at the end point. Injection
molding was attempted after thorough purification of the
copolymer until the residual aluminum content was under



nol ecul ar wei ght of the hydrogenated copol yner, for the 10 Kam nsky
catalyst to be deactivated prior to addition of t he hydrogenati on
catalyst to the polynerization sol ution. The Kam nsky catal yst can be
deacti vat ed wi t hout affecting the ongoi ng hydrogenation reaction by a
met hod i nvol ving, for exanple, addition of a trace amount 15 of an

al i phatic al cRIB3¥83eh as net hanol, ethanol, n- pr oparReIT/IBys/00366 - - -1

i sopropanol to the polynerization solution. The catal yst used
for the hydrogenation according to 1hg present invention is not
critical and may be those general |y enployed for the hydrogenation
reaction of 20 olefins. These catalysts are generally classified into
het er ogeneous cat A0Psppmarkithéhegerebuyisgralyytwas extrenglpihdghegnd a

het er ogeneous cat @nﬁbﬁmrmadelacbwd@ucm JRlld not be pathliadeam and plati num

as well as soli d taﬁall% containing these netals supported on
silica, carbon, PHT a orraceous earth, alumna, titanium oxide and the
li ke. SpeC| fi cal F9poXyRerd zakjobarate FREBHRA Mt 8| £BF| 3 manner

ni ckel / di at osaceows easmple [B eadepti@thany g of S-exhaddend-<2i- i ca,
pal | adi uni di at Om%g‘i}%gr&é’ﬁ%ko@'}gsyﬁo aind’ &bl ﬁ‘i‘ Wnﬂl‘é”b@aacﬁ'%fa% may al so be

preferably enpl oye as t cat a| lLat i num

oxi de and plcé‘FFﬁﬁ?n i f&i’yﬁéo’c‘ heP gt £Ruth ?:fatDé:IP?slm 5% H:lﬁe 3pi R
As the honmpgeneoushdat pigbded tsheBegnef/ the wepelwowed catal yst systens

cont ai ni ng conpounds Oi‘hgﬁﬁ@lé fehe MR £ the pOBD Iccﬁ\fpohaﬁt Paid adic Table.
and speci fi cal ly th sistin {_\I ("‘% Fe conéoound and an |
or ganorret al I]1 c cof g@ﬁﬂ“%’fz d“’f’Fg’PﬁT‘a'Eﬁ ‘%’5’86?“ in rSfult
copolymer were 43% by mole and 3% by mole, respectively, ;
and the glass transition point was 170°C. The DCPD
conversion was therefore 70%. Assuming the solubility of
ethylene in S-ethylene-2-norbornane to be about the same
15 as in DCPD, the molar ratio (F) is estimated to be 10.7
at the starting point of polymerization and 32.7 at the
end point. A definite glass transition point was
exhibited with DSC measurement, and since absolutely no
crystalline melting point was observed corresponding to
20 - polyethylene, it was confirmed that none of the copolymer
produced contained polyethylene or partial crystalline
ethylene blocks. The reduced viscosity n,,/c was 0.44
dl/g, which was a sufficiently high value.
Example 12
25 Copolymerization of ethylene and DCPD was carried
out, in the following manner, using 'pr(Cp) (Flu)2zrCl, as
the metallocene and trityl-tetrakis(pentafluorophenyl)
borate (hereunder abbreviated fo [(C5H5)3C]+[B(C6F5)4]') as
a promoter catalyst.
30 After setting a bladed stirting rod in a 500 ml
volume 3-necked flask and purging the container with
nitrogen gas, 170 ml of toluene, 30 g of DCPD and 2.3 ml
of triisobutylaluminum (1 M concentration n-hexane
sclution) were charged into the container.
35 After then raising the temperature to 40°C, the
container interior was adequately substituted with

This Sheet Has Been Reilaced
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- 55 - the Periodic Table such as cobalt ‘
napht henate/tri et hyl al um num cobalt

acetyl acet onat e/ i sobutyl al um num iron

acetyl acet onat e/ i sobutyl al um num cobalt octenoate/n- 5 butyllithium
and ni ckel WR®3B4cet onat e/ tri et hyl al um num Ther e nBGT/EHOBON3GE - - -
pref erably enpl oyed conpounds of Ru, Rh and the |ike such as

car bonyl chl or ohydri do- tris(t ri phepy| phosphi ne) r ut heni um

di hydri docar bonyl - tris(triphenyl phosphi ne) rut heni um di hydrido- 10

tetraki s(triphenyl phosphi ne) rut heni um chl or
tris(triphenyl po¥3EPRe) riRseh uh?afa of [(CsHs)sC] "[B(CeFs)4)” and 20 mg
hydri docar bonyl 4t ripﬁt‘qmy(lmhqspblp%f:éoéhdéa and polymerleltibﬂugih t he

condi tions of the h react.ion on the cat al yst
enpl oyed, the 181t %%‘ﬁg gg%dﬂgoﬁh?e%%]ty"l?ﬁlﬁ%"%’é’n@rtz&ﬁ "Be"arried out
under a mantdguauplessnppdiefl 1o rgingeds an ethydsperpressaref o50-

ZO?C ltor effr fﬁ' v a&?ml;gﬁéﬁé rJ]nCthIhﬁoﬁ@?ﬁIéronwﬁiI@ &y pdepewsk onf t 28
activity o e may gene 0

m nutes to 10 houn%s nup‘rlsé%%ré%ﬁe‘i gf) é‘bgse lﬁ’l%ﬁu{{}é qtontglﬂgﬁraé@ %gcordi ng to
the type of catef Ws 9/min. gnd reaction conditions, the enpl oyed °
unsaturated sol vent At one ldixha@Set OthELBRakS 6ﬂrt£duyﬁnemhg{timd,r @genat ed,

whi ch is EATOThEaN Yo IABRELBNSY SIUCLEGDT G0 khchnfi&liflel ed L0

select the conditions unde reacti ons t occur.
O courset®if aresat?ﬁ—llP"anD'mﬂ tgfral hamayity @ft DCPD added k9dtfRyenat ed, the
hydr ogenat ed saiorgatineanaftercadkel ytart of pebhpwexization was 30 Bhe - -

hydrogenat ed- t yigg, [eLEL1OA %Ix%ugxc‘l,gglaﬁdea SRON TP i th smﬂq i ned
according to the invention can nol de d ll?;{lowntget hod, such
as injection nottiong SPEEX PGS 6F|Y "t metﬁ‘ﬁf’ﬂ?‘ n'@gl“dﬁ‘fé r 86t tenperature
for the nol di nghwsiriochloric dedddedepridwed bapeecipitate. prBperties required
for the 3is precipitate was collected by filtration, washed .

successively with acetone, methanol and water and finally
dried to yield 59.1 g of the copolymer.

The composition ratio of the DCPD component in the
resulting copolymer was 42% by mole, and the glass

20 transition point was 157°C. The DCPD conversion was
therefore 76%. Estimation of the molar ratio (F) for
this polymerization reaction based on Fig. 12 gives 10.2
at the starting point of polymerization and 4.2 at the
end point.

25 A definite glass transition point was exhibited with
DSC measurement, and the aTg, indicating the temperature
difference between the falling point and the rising point
of the curve, was 8.9°C. Also, since absolutely no
crystalline melting point was observed corresponding to

30 polyethylene, it was confirmed that none of the copolymer
produced contained polyethylene or partially crystalline
ethylene blocks. The reduced viscosity n,,/c measured at
30°C in a 0.5 g/dl concentration toluene solution was
0.52 dl/g, which was a sufficiently high value.

35 Example 13

Copolymerization of ethylene and DCPD was carried

This Sheet Has Been Re laced TH|_S SHEET HAS “EEN
AU I | T D




nol ded product and the nelt viscosity and thernal deconposi tion

tenperature of the copolynmer used, but it 35 is usually in a range of
200-380[err] C, and preferably 240- 340C. If the resin nelt

tenperature is below this range the flow properties of the resin wll

be i nsufficient WD 98/ 33830

PCT/ JP98/ 0036GVO 98133830 . 56 - - BCT/IRORINIGE i t- -
difficult to obtain a uniform nol ded product, while if it is above

this range thermal deterioration of -tthe fresin will tend to result in

col oration. For I mproved thernmal stability of the resin during nelt

5 nol ding, a small anpunt of a comonly used anti oxi dant, such as

|rganox 1010, 1076°Ypriddfite tA1IHRIGRRRRET |AFeoFding to FEpmBEe olRved.
The invention w | lusiowy Be(Eng).ar0kgd asnthermeetdilackne insteda@d wly of

exanpl es. However ,i Lprtended for the 10 I nvention to be I|n1ted

to these exanpl es. PERCb?(ﬁEH)Zr?E % tol uene (solvent), DCPD, NB and -

5- et hyl i dene- 2- ABES oF hfarfenes BEL VS Tl Zati o8 L ep e im@ Tt BS dFxamBleadRon

purification sand azdmatvekg drangid 140 ml of "tolienéetdl lg06ENBCPD and

i sopropyl i dene-(9-, o;l ?%Xﬂ'& Q)g,t g ﬁna/c;,i) eglttgcggmﬁlrg Cﬂeg(ghgl’l de
e net escrl

was syntheS|zed accor
et al., J. Am ChetAtugden)- fbf(l:eéfzﬁgeﬁz’s%ls(lfg885‘e temperature to 40
Di net hyl si | yl ene- bils( tonhaemst )interioniwes didehhatelje substituted w1th

ethylene. WNext, 42 mg of [(CsH;);C) [B(CsFs);]  and 19 mg

10 of iPr(Cp)(Flu)ZrCl2 were added and polymerization was
initiated. During the polymerization, ethylene was
continuously supplied to maintain an ethylene pressure of
1 atmosphere in the container, while new DCPD was
continuously added dropwise into the container at a rate

15 of 0.25 g/min.

At 2.5 hours after the start of polymerization, a
small amount of isopropanol was added to terminate the
reaction. The total amount of DCPD added to the
container after the start of polymerization was 37.5 g.

20 The reaction mixture was subjected to after treatment in
the same manner as Example 12, to yield 66.1 g of the
copolymer. . :

The mole fraction of the DCPD component in the
resulting copolymer was 40% by mole, and the glass

25 transition point was 150°C. The DCPD conversion was
therefore 74%. Estimation of the molar ratio (F) for
this polymerization reaction based on Fig. 12 gives 11.9
at the starting point of polymerization and 6.6 at the
end point. '

30 A definite glass transition point was exhibited with
DSC measurement, and the aTg was 10.0°C. Also, since
absolutely no crystalline melting point was observed
corresponding to polyethylene, it was confirmed that none
of the copolymer produced contained polyethylene or

35 partial crystalline ethylene blocks. The reduced
viscosity n,,/c measured at 30°C in a 0.5 g/dl



synt hesi zed according to the nmethod described in WA. 20 Her r mann et

al., Angew. Chem Int. Ed. Engl., 28, 1511- 1512 (1989). The

et hyl ene- bi s(1-indenyl) zirconium di chl ori de used was purchased from
Al drich Co. The ionic boron compound was trityl-

tetraki s(pent afl uorophenyl) borate, used in the formas 25 urchased .
from Toso YRIFHSKK The al umi noxane used was PCT/JP98/00366. - -. --.
pol yret hyl al um noxane (PMAO purchased from Toso Akuzo, KK. and
prepared as a 2 M concentration £ gauene sol ution.

Triisobutylalum nunm(([err]Bu)[err]Al] was used in the form 30 of alM
concentration n-hexane solution as purchased from Kant o Cheni cal s,
75 AhLousttiy

KK. CORRATT AR ISRy tPLEMIY SHu t Loy Y "BRe? form

as purchased f rsaffif Kahért Xghadghavasl uekK. Di et hyl al um num chl ori de
(Et[err]AIA) wWasSqHs€hd n the 35 formof a 1 Mconcentration n-hexane
sol ution as urchased from Kant o Chem cal s .

98/ 33830 . Copolymerization of ethylene and BE J?@ﬁyﬁﬂffégd

- 57 - 5 out inTHee rfeddowbng mannen, t heirx e L6InrEr¢ladas bkhe he

fol low ng meth fscynan hiAMEARPI(BMAbT WS dveasured using a
TA . | nst r&‘(r%gﬁtléoﬁ)ncfelangﬁéi C,}yvm' tE a terrper(at urg el evating 5 rate

of 20[err]C7rﬁ fpromoter catalyst. .
The same polymerization apparatus was used as in

Example 12. After purging the container with nitrogen
10 gas, 136 ml of toluene, 30 g of DCPD and 2 ml of a
toluene solution of PMAO adjusted to 2 M concentration
were charged into the containexr. After then raising the
temperature to 40°C, the container interior was
. adequately substituted with ethylene. Next there was
15 added a metallocene-PMAO solution prepared by dissolving
20 mg of Me,Si(Ind),2rCl, in 22 ml of a 2 M concentration
toluene solution of PMAO, and it was activated by
stirring at 25°C for 10 minutes, and polymerization was
initiated. During the polymerization, ethylene was
20 . continuously supplied to maintain an ethylene pressure of
1 atmosphere in the container, while new DCPD was
~ continuously added dropwise into the container at a rate
of 0.2 g/min.

At 3 hours after the start of polymerization, the

25 reaction was terminated by adding a small amount of
isopropancl. The total amount of DCPD added to the
container after the start of polymerization was 36 g.
The reaction mixture was subjected to after treatment in
the same manner as Example 12 to yield 61.5 g of the

30 copolymner.

The mole fraction of the DCPD component in the
resulting copolymer was 42% by molé, and the glass
transition point was 158°C. The DCPD conversion was
therefore 72%. Estimation of the molar ratio (F) for

35 this polymerization reaction based on Fig. 12 gives 11.1
at the starting point of polymerization and 5.7 at the



Mol ecul ar wei ght: The reduced viscosity [err]/c was nmeasur ed at

30[err]Cin a 0.5 g/dl concentration toluene sol ution.

Light transmittance: Measured using an ultraviolet 10 vi si bl e
spectroscope (UV-240) by Shimazu Laboratories, KK. Haze

val ue: Measured using a UDH 20D aut omatic digital haze meter by N hon .
Denshoku | n¥E:283388 KK, Resi dual al umi num concRIPEHQ0366 | n- = -
pol ymer: 15 Det erm ned by | CP em ssion anal ysi s. Ref erence Exanpl e
1 Vanadi um cat al yst was used-fpg -honopol yneri zati on of

DCPD. After neasuring out 87 ng of vanadi um oxytrichloride 20
(V& [err]) into a 50 m volunme Schlenk's flask which had been purged
with nitrogen, 2w Poipt-diethylal um num chloride (Et[err]AId) in a

1 Mconcentration n-Rheyapenite glaselt&a'mm/as polited walseeghbbi e wikb
m xt ur e was st [ :T;fsetd easuremdtt O R‘gn{éﬁgs '1?} Bégomgqfrpemggr esifde activation.
fegsr dnd

Next , uene D were ad bf
pol yrrerl zat i on aﬂb%ﬁﬁilér%r‘%’ﬁyﬁftél?'b‘?e Peltipg point, ¥3s obseryqth ¢ oat nent

was perforned bycarrespuvsaingnal podybtiyXene, it warhteeng igmad tha¥f neseyner .
The reduced viscosivng E6pblyer produc@@@%éfn%glﬁéd%&@rerthghéﬁeam@ 5 g/dl
concentration tol uene_30 |.Ution 849 dl/ g ng Lg&r] H NVR

spect rum of t hj geartial fﬂsﬁ‘?&ﬁ‘ﬁo?‘ﬁ e’}es ROWR" i e G The
DCPD honopol yrerviduesisht wiediessureidabgiifs do a 0.5 ‘.’dyﬂdl ssolving 70 ngy
of the DCPD hom@cﬂ'l::)é%ligg% Q:c[meﬂg sc[»lut:mtnr WhsopUylal/gn prieRsag aatal yst

in 10 mM of toluene an autocl ave he hydrogenation was carried
out under ¥ sufifiqigpetmathidh ppiecure of 10 atns at 140[err]C for 6
hour s : Example 15

Copolymerization of ethylene and DCPD was carried
out under the same polymerization conditions as Example
12, except that the rate of DCPD addition in Example 12

15 . was changed to 0.8 g/min for the first 20 minutes after
the start of polymerization, 0.5 g/min for the next 20
minutes, and 0.2 g/min for the last 20 minutes.

At one hour after the start of polymerization, a
small amount of isopropancl was added to terminate the

20 reaction. The total amount of DCPD added to the
container after the start of polymerization was 30 g.
The reaction mixture was subjected to after treatment in
the same manner as Example 12 to yield 58.9 g of the
copolymer.

25 The mole fraction of the DCPD component in the
resulting copolymer was 43% by mole, and the glass
transition point was 161°C. The DCPD conversion was
therefore 77%. Estimation of the molar ratio (F) for
this polymerization reaction based on Fig. 12 gives 10.2

30 at the starting point of polymerization and 4.1 at the
end point.

A definite glass transition point was exhibited with
DSC measurement, and the aTg was 8.6°C. Also, since
absolutely no crystalline melting point was observed

35 corresponding to polyethylene, it was confirmed that none
of the copolymer produced contained polyethylene ox
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- 58 - and then after treatnent was carried out according to a
conventional nmethod to obtain 58 ng of the hydrogenated pol ymer. The
[err] H NMR spectrum of this hydrogenated DCPD honopol ynmer is shown in
Fig. 9. 5 Ref erence Exanple 2 Vanadi um cat al yst was used for

“copol yneri zat %P 9833830 et hyl ene and DCPD. The PEHIR9809366 Of - = - :

Ref erence Exanple 1 was carried out, but after adding the 15 m of
toluene and 6.6 g of 10 DCPD, ethyl ene gas was passed through the

Schl enk' s fl ask systemto create an atnosphere with an ethyl ene
pressure " of 1 kg/cnferr]. Followi ng 95 hours of polynerization at
room terrperature PaRaiate FEYFBRL bidrer 6?‘1#?89%%/ ocks. Thsmyr@duFedal nethod to
obtain 1.40 g of p@iWLtyThg/&EneasdI%ﬁUhtlBI@°CDGJnyﬁED E(ljvtcﬂl ned a :

t ol uene-i nsol ubl e ggrctenq: atwn olddnd gigg arm %51 fxﬁéﬁ”v}a of DSC
measur enent a 5 0Rd 25 g R ar O WD S B 2P V! near 0t 7% <t AT he rreltlng
poi nt of 130[err] C,s‘eﬁfelqlﬁn‘p’élfylé’éﬂyl"é‘ﬂéeer et hyl ene bl ocks Fromt he
pol yner, the 3ol uet@mmatthive Pdnplen swas 20 extracted with toluene to

obtain 0.62 g of a cop(yoyigﬁ%&/z%tlon ag oo ELdr gﬁy thide s ED conponent

I n the copol yner uce viscosity [err]/c

neasur ed at SUIELIPRS| fs aE’E?“S?l@/ 4p - c‘iﬁﬂ?é’ﬁ't FQ?T-O‘?'P "EWuBRBP SRSt i on was
0.49 dl/g. The [eradded\Rtepeche whaek dfepebp@iryaetions. shawa Rdurs in Fig.
2. Th bt

e i ene- Q&PR Q%]P?:'l[a%gﬁé #Hﬁnﬁ gl &Fzﬁl"‘@ﬁoggﬁo? o and &

hydr ogenat ed by di ssol vin .
mg of triisobtyl a’r?ﬂﬁﬁ?@ﬁ?‘&% ‘éégftdﬁ‘legsfm tem”’laﬁelf)h?ﬂr?ﬂ‘:ttlfﬂ‘uen Sn an

aut ocl ave. The hydrerganiahni nhxBére wagsasubipeqtesd tousfunddreathgdt oige rtdiei on
pressure of 10 at NBame manner as Example 12 to yleld 35.9 g of the
copolymer. :

The mole fraction of the DCPD component in the

15 resulting copolymer was 35% by mole. The DCPD conversion
was therefore 86%. The glass transition point was
measured to be 130°C by DSC, but a broad change in heat
capacity was exhibited and the glass transition point was
indefinite, and the ATg was 19.6°C. A slight crystalline

20 melting point corresponding to polyethylene was observed.
The reduced viscosity n,,/c was 0.80 dl/g.

Example 16

To a 300 ml volume autoclave there were added lS-g
of the ethylene/DPCD copolymer obtained in Example 12, 90

25 ml of toluene and 50 mg of the hydrogenation catalyst
RuClH(CC)PPh;);, and a hydrogenation reaction was carried
out for 5 hours at 170°C with a hydrogen pressure of 40
kg/cm’. The reaction mixture was reprecipitated in
methanol, and filtration, washing and drying yielded 14.8

30 g of the copolymer.

The 'H-NMR spectrum (with deuterized o-
dichlorobenzene as the solvent) of the resulting
copolymer showed that the signal appearing at 5.5-5.8 ppm
due to unsaturated bonds in the DCPD had completely

35 disappeared, and the hydrogenation rate was 99.9%. The
peaks near 4.8-5.0 ppm representing the terminal double



at 140[err]C for 6 hours and then after treatnent was carried out

according to a conventional nethod to obtain 58 ng of t he

hydr ogenat ed polynmer. The [err] H NVR spectrum of this hydr ogenat ed

et hyl ene- DCPD copol yner is shown in Fig. 10. 35 Ref erence Exanple 3

An attenpt was made to obtain a DCPD honopol yner WD 98/ 33830

PCT/ JP98/ 003%0 98/33830 59 - RCT/JPSSIOP3g6 - - -
i sopropyl i dene-(9-fluorenyl) (cycl opent adi enyl) zi rconiumdi chl ori de

[ hereunder abbreviated to [err]Pr(CgElu)zrdlerr]] as the

nmet al | ocene and PMAO as the pronoter catalyst. 5 After
nmeasuring out 4.2 ng of [err]Pr(Cp)(Flu)ZrC[err] into a 50 m vol une

Schl enk' s fl ask Wendd ¢fidkhseeappliymrn hadt Blso beerhulwﬁsg%na@dm ghea

tol uene sol ution rebuEM\Qiadtjosstednlic was 0. 502dMq3,oraeﬁnhbafemrcu1fonwas added
t her et o, andthem S sti edfo ut 25[err] C for
activation. Next} E°Eec‘1](?rmwe6$ﬁ1fo"fatfer? Sgﬁ'ﬂe °m tﬁ Iﬁﬁg ernguzaaﬁed for
pol ymeri zati on affhg0gbasy Gragsitiommaint Was h‘-’b‘*s"(ﬂrut\’éF?“?\blY unchapgeq er

was obt ai ned. fromReé B3N BedEsasid tioh . In order to determ ne
t he maxi mnum armu%txa% P 15 conponent which can be in a copol yner of
et hyl ene and prepared with a Kam nsky catal yst, rrerl zat I on

was carried out with BYEYHERGPThSORPIYERT SR "GRG whhpil

was subjected to a hydrogenation reaction in the same
manner as Example 16, to obtain a hydrogenated ethylene-

10 DCPD copolymer with a hydrogenation rate of over 99.9%.
The reduced viscosity n./c of the polymer was 0.72 dl/g,
and no reduction in molecular weight was observed from
the hydrogenation. The glass transition point was 148°C,
virtually unchanged from before hydrogenation.

15 Example 18

The hydrogenated ethylene-DCPD copolymers obtained

in Examples 16 and 17 were further purified and the
residual aluminum content in each polymer was reduced to
under 10 ppm. After adding 0.5% by weight of Irganox

20 1010 to each copolymer, it was used for injection molding
at a resin temperature of 300°C, to obtain plates each -
with a thickness of 1.2 mm. Both panels had very high
transparency, and the light transmittances at 550 nm
wavelength and the haze values were, respectively, 92.1%

25 and 0.8% (copolymer obtained in Example 16) and 91.7% and
1.0% (copolymer obtained in Example 17).
Comparative Example 6

The ethylene-DCPD copolymer obtained in Comparative

Example 5 was hydrogenated according to Example 16, to

30 obtain a hydrogenated ethylene-DCPD copolymer with a
hydrogenation rate of over 99.9%. After further
purification in the same manner as Example 18 until the
residual aluminum content in the copolymer was under’ 100
ppm, 0.5% by weight of Irganox 1010 was added and

35 injection molding was carried out at a resin temperature
of 300°C, to obtain plates each with a thickness of 1.2



in a short tinme in order to obtain a low yield of the copol yner. 20
After nmeasuring out 4.2 ng of [err]Pr(Cp)(Flu)Zrd[err] into as50om
vol unme Schl enk's flask which had been purged with nitrogen, in the
same nmanner as in Ref erence Exarrpl e 3, 5 m of a toluene solution of
PMAO adj ustg ‘gé’ﬁ concentration of was added thereto, and the

m Xt ure was stlrred for 10 minutes at 25[err]C for- BETIRISNN36N. Abtef’
adding 17.2 g of DCPD and raising the tenperature to 40[err] C, an

et hyl ene gas was passed through the Schi8dnk's flask systemto create
an atnosphere with an et hyI ene pressure of 1 kg/cnferr]. The nmononer
ratio (F) at t st y rlzatlo est t 51 from
Fig. 12. lt'ﬁl’le l?igl'alc |§’r§a ‘{e ﬁceyr’mt el %s\rllvﬁ 4 fo‘* 'E%ra%gﬁlgflrg% ng

the ethyl ene fPBY c%dﬁﬁ‘?é%eth% maﬁberbsﬂhtt éGaF?F“U:%‘C@ at 550 gim pol yner .
The nol e fract waveéndthe aDEPEh& QizeN68Lué Wwerae BBspectidleiger 70erss 50% by

nol e as det ernypgd; Pygel err] H NVR measurenent, and the gl ass
transition point was 189[ err]C WO 98/ 33830
PCT/ JP98/ B0366E*ample 1 - 60 - based on

DSC neasurenent. Theé00edlicetainlesasstye] atdapkion vesselmegsipeed at 30[err] C

ina 0.5 g/dl ﬁw%tgﬁ&%ae b4 UgAEged with 200Uh! 8P WA%eRelbs8lld Bs The

[ err] H NVR spectrum of t
395 mg of l1l-hexene and 780 mg of

triisobutylaluminum under a nitrogen atmosphere. . The
10 nitrogen outlet was closed under a nitrogen pressure in
the reaction system of 1 atm. After the temperature was
set to 30°C, ethylene was introduced into the reaction
~vessel under an ethylene pressure of 1.5 kg/em® to
- maintain the partial pressure of ethylene.in the reaction.
15 system at a level of 0.5 kg/cm’. Thereafter, 35 mg of
[ (CeHs)sC1 [B(C4Fs),)” and 16 mg of Et(Ind),ZrCl, were added
to cause polymerization to be initiated. During the
polymerization, the partial pressure of ethylene was
maintained at 0.5 kg/cm’ and the consumption rate of
20 ethylene was monitored by a flowmeter mounted on the
apparatus.

At 3 hours after the start of polymerization, a
small amount of isopropanol was added to terminate the
reaction. The reaction mixture was subjected to after

25 treatment, in the same manner as Example 12, to yield
51.0 g of the copolymer. '

The mole fraction of the DCPD component in the
resulting copolymer was 40% by mole, and the glass
transition point was 141°C. The DCPD conversion was 78%.

30 Estimation of the molar ratio (F) for this polymerization
reaction based on Fig. 12 gives 21.0 at the starting
point of polymerization, 8.4 at 60% DCPD consumption and
6.2 at 70% DCPD consumption. |

A definite glass transition point was found thxough

35 DSC measurement, and the ATg was 11.1°C. Also, since
absolutely no crystalline melting point was observed



copolynmer is shown in Fig. 4. 5 Ref erence Exanple 5 I n
order to determ ne the copol ynerization curve for et hyl ene and

-a 100 m vol une autocl ave was used for
reaction tenperature of 40[err]C.

this copol ynerization at

DCPD,
a

[err]Pr(Cp)(Flu)zrd[err] and PMAO

were used as netall ocenes. 10 The "copol yneri zati on curve was _ determ ned

by a conmon

char ged nononer

rati os, and then the conversi on was

od, whereby pol ynerizati on was conduct Bg

| ower, the copolyner was isolated, and - 82t-he conposition ratio was
determ ned. The results are 15 shown in Fig. 11(A). Ref erence
Exanpl e 6

determned in t he FIWE

=]
as eren e

was replaced with dfiTmed il mongref dthe coppbywey prodyced 1g@)tained
polyethylene orActPtall el eiByderio® WidekswasThsed to study

t he sol ubi | i}}‘y };*L' et hyl %g%éjnigﬁé)lt%egg g%fgg\ygng_bﬁR'Aggﬁgggulpged

Ref erence Exanpl e

anount of ethyl ene

%At roduce 0 an au aining a

ri ous

reduced to 10% or

T I Lzat | ' f t hyl NB
U ATREY STRREFEIAA, O Mgy AeRE. °TE Y "0 2 ncep

prescri bed afount wfe ebseeee, ofaMEPRf farpepent linkagase a8 EB@i 14D um was
reached at 40[err]@, ,/ hg,Hr &S sktimated Y@ D 0308 Anshddes tamgutibe of
di ssol ved et hyl ene_at .t ha pressure s.cal cul ated. Fi (O s
the - rel ati oﬁkﬁ%ﬁﬁgb‘e’ie{/\eaenhouﬁrt éséﬁraenydn(? s6 ﬁbﬁqmalf%%n%%lg?ré%&
fraction) for ethytlasks which quuper tpctomy ambpeogable crystallig sof ubility
of ethylene in DCR3MAsnSt Uthe Geldiced visddi@t§ank/dhiviuras Kef0wnda -

Exanple 7 except t
(D

shown as 35

10

15

20

25

30

35

which was sufficiently high value.
Example 20
A 500 ml stainless steel reaction vessel equipped

with a stirrer was charged with 200 g of toluene, 33 g of

DCPD, 407 mg of l-hexene and 780 mg of
triisobutylaluminum under a nitrogen atmosphere. The
nitrogen outlet was closed under a nitrogen pressure in
the reaction system of 1 atm. After the temperature was
set to 30°C, ethylene was introduced into the reaction
vessel under an ethylene pressure of 1.5 kg/cm2 to
maintain the partial pressure of ethylene in the reaction
system at a level of 0.5 kg/cmz. Thereafter, 38 mg of
[ (CsHs)sC)'[B(CsFs)s)” and 16 mg of Et(Ind),2rCl, were added
to cause polymerization to be initiated. During the
polymerization, the partial pressure of ethylene was
maintained at 0.5 kg/cm’ and the consumption rate of
ethylene was monitored by a flowmeter mounted on the
apparatus. Then, 17 g of DCPD was added while
maintaining the ratio (Vg/Vy) of the ethylene consumption
rate (Vg, mole/min) to the DCPD addition rate (Vy,
mole/min) at 58/42. This control was carried out by
observing the ethylene consumption rate with a flowmeter
and feeding back the resulting rate to the DCPD supplying
apparatus.

At 102 minutes after the start of polymerization, a
small amount of isopropanol was added to terminate the

hows
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- 61 - In order to determ ne the copol ynerization

conposition curve for ethylene and DCPD, a 100 nm vol une aut ocl ave

~was used for the copolynerization reaction at a pol yneri zati on
‘tenperature of 40[err]C. |sopropylidene-(9- 5 -
f1 uor enyl ) (cyYOI¥¥3834di enyl ). zi r coni um di chl ori de [ hePETRI8/N0366 ~ woel
abbreviated to [err]Pr(Cp)(Flu)Zrd[err]] as the net al | ocene, and

the PMAO was used as a pronoter catalyst - 83 - in a 1000-fold nol ar

anount . A prescribed amunt of ethyl ene was I ntroduced into 10

an autocl ave by cooling the autoclave with liquifi nitrogen, and

after raising the %8a%5¢PRt urthe 59&5&%]!@@9?@ was s“blleﬁ|tf':‘fiaF° &FS&nt rat i on
of ethyl ene di ssolumétmanthem the samelmmﬂersalsvm:ampm 18st tomyild rom t he
internal pressure.gy, of Tt TR y,qgfl zation curve was determnmned by a

comon 15 nmet hod, V\/n reb nmerizatjon was_conducted with various
charged nononer ratios® %*ér#’%ﬁ&leﬁn?/‘iertﬁe RCRR scomponent 4 BNE ¢ 5 109 or
| ower, the cdpol yrmsuMsngsmml@aeramis 42% byt meleprpositheoalasg i o was

determ ned. The rec%é'n%it@é@ pomt wﬁE'OY\DB‘&.S EThE E¢Q3 cl:%ve%@mn was 834\.
Fi nemann- Ross pl ot_ was a_nore

preci se cal cul ati &?tdf“ar'f%’? gt tIi—“é[ 5??1‘1/' fratlo (F) a’FﬁF I{‘"#*("F bi??’?er’\ﬁ@rtéon
plotted with F = feachjbereddddDORDFig. 12 givesF)5 Mt ‘the stagtioge

conponent / DCPD corﬁaﬁmnaf olyirizatiofORRlY BRI 6§ ¥ WdPD tend@hptidn haar] as
t he sl ope |ri§)tead60 p_e | nterce )t The results are shown as Hin

Fig. 14. Si'nce DC(})D CPRRAP A% Ul at ed t hat rferr] = 1.4 from
t he sl ope of theAI ‘li?\%l‘ﬁé@s ohgss h‘ifftﬁnjht?-ﬁé PRI r‘t’aSTﬁ?‘én‘i/dﬁ}@uﬂﬁs

DSC measurement, and the ATg was 8.6°C. Also, since
absolutely no crystalline melting point was observed
corresponding to polyethylene and/or the ethylene

15 component block, it was confirmed that none of the _
copolymer produced contained polyethylene or crystalline
ethylene blocks. The H j5/H; s was estimated to be 0.02
by 1H-NMR, suggesting the absence of DCPD component
linkages and the 1/4 x (I,,/I5,) was estimated to be

20 0.02, suggesting the negligible amount, if any, of the
ethylene component blocks which cause to form unfavorable
crystalline portion. The reduced viscosity n./c
measured at 30°C in a 0.5 g/dl concentration toluene
solution was 0.41 dl/g, which was sufficiently high

25 value.
Example 21

A 2 1 reaction vessel was charged with 600 g of

toluene, 150 g of DCPD, 0.50 g of l-hexene and 1.2 g of
triisobutylaluminum under a nitrogen atmosphere. The

30 reaction vessel was purged with ethylene. After the
temperature was set to 30°C, while allowing ethylene to
be flowed into the reaction vessel under normal pressure,
and 0.114 g Of [(CgHs);C) [B(CsFs5),}” and 51 mg of
BEt(Ind),Z2rCl, were added to cause polymerization to be

35 initiated. Ethylene was continued to be flowed into the

reaction vessel under normal pressure. During the



inserted into expression (I1) to obtain 2.2 < F < 16. 8. Ref erence

Exanpl e 10 30 A copol yneri zation conposition curve for ethyl ene
and DCPD was determ ned in the same nanner as Reference Exanpl e 9
except that ethyl ene-bis(1-indenyl) zirconium di chl ori de t hereunder
abbreviated to Et(Ind)[err]ZrC[err]) was used as the netal |l ocene.
The results aVO@ %8BI as F in 35 Fig. 13. F [err]/f' andCHIpesnoes ' -
were also plotted in the same nmanner as Reference Exanple 9. The
results are WD 98/ 33830 - B84 -
- PCT/ JP98/ 00366 - 62 - shown as |
in Fig. 14. Since r[err] = 0, it was calcul ated err] = 3.3
"fromthe slope of ROB¥MEFhzatiRNe| et PRt ion ratg,ofp; b?’ﬂe"el' %€ val ue was

~inserted into expmwSiteped |dy a flowmétemhioanned. én the appdrstus.5 At

- Reference Exanpl e AgCoOpOL V. heabi s GarResi Lhedh whe ve for
- et hyl ene ch'ﬁCISB“e wheci‘et grr% geg i he sane manner ,as, I%eference

- Exanple 9 except tegsedi net$9ALdi ppPRRk- Cbﬁ SEPPFARRIRA ¥as ad%eGi %% oni um
- dichloride [hereundeminhbe eshicatredctod) TheMepectisi MingprerydZrd [err] ]

~was used as the ng ljggg&ﬁle‘to a}r&%r treatn{é?ﬁm E.ﬁ BHE sHieMiadfefSdsn Fig. -
Flerr]/f' and F' ( were al so aﬁted |ntl£le sanme nmanner’ as

Ref er ence BFdﬁ?ﬂ'PéeQH'Tﬁé’ |Yér§61’t355%r9e°§h5 FPOLYREE g. 14. S nce

The mole fraction of the DCPD component in-th
resulting copolymer was 45% by mole, and the glass
10 transition point was 145°C. The DCPD conversion was 83%..
Estimation of the molar ratio (F) for this polymerization
reaction based on Fig. 12 gives 10.3 at the starting
point of polymerization and 4.1 at 60% DCPD consumption.
A definite glass transition point was found through
15 DSC measurement, and the ATg was 6.1°C. Also, since
absolutely no crystalline melting point was observed
corresponding to polyethylene and/or the ethylene
component block, it was confirmed that none of the
copolymer produced contained polyethylene or crystalline
20  ethylene blocks. The H, g/H; s was estimated to be 0.04
by 1H-NMR, suggesting the absence of DCPD component
linkages and the 1/4 x (I,3/I;,s) was estimated to be
0.01, suggesting the negligible amount, if any, of the
ethylene component blocks which cause to form unfavorable
25 crystalline portion. The reduced viscosity N/ €
measured at 30°C in a 0.5 g/dl concentration toluene
solution was 0.59 dl/g, which was sufficiently high
value.
The resulting polymer weighing 3.6 g was dissolved
30 in 20.4 g of toluene in an autoclave. To the solution,
30 mg of cobalt triactylacetonate [Co(acac);] and 50 mg
of triisobutylaluminum were added. Thereafter,
hydrogenation was carried out under a hydrogen pressure
of 20 atms at 130°C for 2 hours. After hydrogenation,
35 the reaction mixture was added dropwise with stirring
into a large quantity of methanol rendered acidic with
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rferr] =0, it was calculated that r[err] = 2.7 fromthe slope of 15 t he

| i ne passing through the origin. This val ue was I nserted into
expression (I1) to obtain 4.3 < F < 32.4. Exampl e 1

Copol yneri zati on of ethylene and DCPD was carried out in the
follow ng manner using [err]Pr(Cp)(Flu)ZrC[err] as 20 the nmetal |l ocene.
After sett iy ®83¥aded stirring rod in a 500 m vo| RERIRISME64k ed f F-ask
and purging the container with nitrogen gas, 90 m of toluene and 30
g of DCPD were charged into the <®stai ner. Next there was added a 25

met al | ocene- PMAO sol uti on prepared by dissolving 40 ng of

[err] Pr(Cp) (FI rCJerr] in a 46 m toluene sqlution gf PMAO
adjusted to a gg’éF% r 3F1AntC ATRIYER | RERTP G 'Phesti rring at
25[err] C for 1Preciwitse mhsethen ogddectediby filtratidm, twagbedature to

40[err] C, the gaBtédsielyNleth McetdhedOmethdti¥i0addWrd et ilaene and

pol ymeri zat | oneffily 113488y yiera 3.4 %@f{ee'ﬂedﬁ@?eé | ed while

mal nt al ni ng an e? %ne %rlessure %f a rT'ng ere 1n he cont ai ner,

and the afflount copolymess. i ArokRRr Hr ¥R cineptene FhVhdm Féfedd wiRgRks gas

flowreter. At udbetyalne ekcSdsusnd @snaf iertidocebacémpdnedt of the

poLYTEr 2201 Oy REER AT SlAREUC] U0 LP SRR Bl comprcr U S O

PCT/ JP98/ 00366missing, suggesting that more than 99.9% @B the C=C ,
double bonds was hydrogenated. The spectrum showed

10 multiple but very sharp peaks around & 1.07, 1.3, 1.47,
1.65, 1.8, 2.0 and 2.4 ppm. H', ,/H';.4 was estimated to
be 0.038, indicating high level of alternation with
respect to the tricyclodecane ring component and ethylene ..
component. The copolymer thus obtained showed a definite .

15 glass transition point Tg of 140°C and ATg of 7.8°C. The
reduced viscosity n,/c measured at 30°C in a 0.5 g/dl
concentration toluene solution was 0.55 dl/g, which was
sufficiently'high value.

Example 22 _

20 : A 500 ml reaction vessel was charged with 80 g of
toluene, 20 g of DCPD and 300 mg of triisobutylaluminum
under a nitrogen atmosphere. The reaction vessel was
purged with ethylene. After the temperature was set to
30°C, while allowing ethylene to be flowed into the

25 reaction vessel under normal pressure, and 28 mg of
[ (C¢Hs)3sC) ' [B(CeFs)4]” and 13 mg of ‘pr(Cp) (Flu)2rCl, were
added to cause polymerization to be initiated. Ethylene
was continued to be flowed into the reaction vessel under
normal pressure. During the polymerization, the

30 consumption rate of ethylene was monitored by a flowmeter
mounted on the apparatus. At the time when 22.8 1 of
ethylene was flowed into the vessel, a small amount of
the solution was sampled. The sampled solution was
subjected to after treatment, in the same manner as

35 Example 12, to yield the copolymer.

The mole fraction of the DCPD component in the



I ncorporated during that period. At one hour after the start of

pol yneri zation, a small anount of i sopropanol was added to term nate
the reaction. The total amount of DCPD added to the container after
the start of 5 pol ymeri zation was 39.4 g. The reaction mxture was
added dropwise with stirring into a lI'arge quantity of met hanol

rendered aci divC W3 %ydrochloric acid to preci pi t at e- RETARIB66 ds.— - -

"The solids were collected by filtration, washed successively with
acetone, nethanol 10 and water, and fina86y-dried to yield 63.4 g of the
copol yner. The nole fraction of the DCPD conponent in the

resul ti ng copol yner .43% nol e, sition point
was 162[err]C. ~THE® ?#érl Gh V\%Ssq‘l-% By T%:g‘?’efaé‘fletbfoaf 2%sti mation of
the nolar ratio (Il)raﬁeiitlon poimf wapol3ATE:-i z&he LR gonVens s egsSodsSFki g. 12

gives 12.3- aisttlh\ew&@rdﬂ RBePbr Hathel Yﬁ)?rﬁ.o'é:atth(iﬂ BolynfarG zatibhe
end point. A defi meactgo rda:gm H_on | r{gre\slva :{) the ta}ﬂr gugh DSC
measur ement, and $iNCE apsol g’201 g e ‘el T Mg poi nt was

observed cor PespomPiRg 5 PdeerﬁéP?k‘t’hﬁ"@né ?tv%% O6RP| FoRTIMPHAP none of
t he copol yner pr addegichicenyaase dcyamisyieiby | primtowapatduwral thrpsyal | i ne

ethyl ene blocks. pEeenEleirddddter bha aR DC% Ime@l 1@, PeaPsd2 since DY
[err] H NMR, sugges mg}lt he abserce o{ onent 25 | i nkages, and

the 1/4 x (I[err] F§inde ET¥F R ]e'd‘eLB‘e%l 9 poing KBS RAFFIEH ng t he
absence of the et imyohreaepmmmwent polyethyllleoekandvfuic kheaathytene or m _

unf avor abl e ygr yst e.dolmbaﬁent mocmorit Wbs mﬁfafﬂé@e&a\e seReidy dRrr]/c
nmeasur ed at 30[er ti.on_toluene. s }lutlon was

r nc
0.58 dl /g, heohnes mrodie P s Sheaip<R, sabyihyaShe! 8L U808,
Copol yner i zatlon efthglage dnlecksd DURD Hias/Fas rwa@destlmat%ttmhéeﬁ @he sane

pol yrrer  zatt i on congi .ok, aguégémx{a the abéencpexggpﬁc{’@q;oﬂpgﬁeﬁ@argl ng:

anounts in Exanple 1l we d from90 m for tol uene,
from40 ng to lxnbeg% af’l?r t[hérH'br’t (ﬁﬁ)léﬂu)ﬁtr‘ﬁi &Srt]lmaﬁﬁdftr%rﬂe46 M to
23 m  for 15 0.01, suggesting the negligible amount, if any, of the

ethylene component blocks which cause to form unfavorable
crystalline portion. The reduced viscosity 7,,/c

measured at 30°C in a 0.5 g/dl concentration toluene
solution was 0.48 dl/g, which was sufficiently high

20 value. _

The polymer solution after the sampling was
transferred to an autoclave, and 107 mg of cobalt
triactylacetonate [Co(acac);] and 300 mg of
triisobutylaluminum were added. Thereafter,

25 hydrogenation was carried out under a hydrogen pressure
of 27 atms at 130°C for 2 hours. After hydrogenation,
the reaction mixture was added dropwise with stirring
into a large quantity of methanol rendered acidic with
hYdrochlorie acid to produce precipitate. The

30 precipitate was then collected by filtration, washed
successively with acetone, methanol and water, and
finally dried to yield 18.5 g of the hydrogenated
copolymer. In the 'H-NMR spectrum shown in Figﬂ 7, peaks
due to the C=C double bond in the DCPD component of the

35 starting copolymer at § 5.54 and 5.64 ppm were completely
missing, suggesting that more than 99.9% of the C=C
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- 64 - t he PMAO tol uene sol ution. At 1.5 hours after the
start of polynerization, a smal | amount of isopropanol was added to
term nate the reaction. The total anmount of DCPD added to the 5
container after the start of polynerization was 42.5 g. The reaction

m xture was sOVP&¥BEY to after treatnent, in t he sanme’ REFIRIPOIEE - - -©

Exanple 1, to yield 60.3 g of the copol ymer. The nol e
fraction ratio of the DCPD conponent in thegiO- resul ti ng copol yner was
39% by nol e, and the gl ass transition point was 142[err]C. The DCPD
conver si on was therefore 62% Estimation of the nol ar ratl o (F) for
this pol ymerizati dPubd&cPPads BRSehygrogenrptety ghesspectrum showgd ( pe
starting point of mdtipdei bat iveryastiabp kst heoddd § 00d,pdi dt .1.44,

definite grass traﬁ%sthnap%ru 2452.4_ pen exlﬁi' Lad, W Bs D86t ifRasyr egent ,
and since absolutely nQ stal I ne tlng 0|nt was observed

corresponding to 0. Oﬁéky’e’ﬂﬁﬂaé?ﬁ@g Ngl?/va‘se"@én? r MEPTERELOR R b t he
copol yrner 5 progpeett tontla rnadcpolydddaiec réngrcgegranealt| gnd retdiydehene 20

et hyl ene bl ocks. &@@oﬁgﬁ{:r] /'fll[eercgép exesttﬂu'gaBﬁgaiﬁbcp%hgwgé a deflnli?k‘.e
H- NVR, suggesting the absence of Fhe 1/ 4

g
x (I[err]/I [err]) PeSscEFangtiPn SopRt g ot 6482C %’Efbd‘él?t Pg & JPfgibl e
anount, if any, ofredwsed viscagitbyl apécceneponet abl 324G thlacﬂ &aquéphl to form

unfavorable concentration toluene solution was 0.45 dl/g, which was
10 sufficiently high value.
C Example 23

A 3 1 stainless steel reaction vessel was charged
with 1380 g of toluene, 201 g of DCPD and 3.4 g of
triisobutylaluminum under a nitrogen atmosphere. The

15 nitrogen outlet was closed under a nitrogen pressure in
the reaction system of 1 atom. After the temperature was
set to 30°C, ethylene was introduced into the reaction
-vessel under an ethylene pressure of 2.0 kg/cm2 to
maintain the partial pressure of ethylene in the reaction

20 system at a level of 1.0 kg/cm’. Thereafter, 225 mg of
{ (CeHs)sC1 [B(CsFs)4]” was added and 122 g of
iPr(Cp)(Flu)ZrClz was added portionwisely five times in
equal amounts to cause polymerization. During the
polymerization, the partial pressure of ethylene was

25 maintained at 1.0 kg/cm’ and the consumption rate of
ethylene was monitored by a flowmeter mounted on the
apparatus. Then, 139 g of DCPD was added while
maintaining the ratio (Vg/Vp) of the ethylene consumption
rate (Vg, mole/min) to the DCPD addition rate (Vp,

30 mole/min) at 60/40. This control was carried out by
observing the ethylene consumption rate with a flowmeter
and feeding back the resulting rate to the DCPD supplying
apparatus. At 173 minutes after the start of
polymerization and when 55.4 1 of ethylene was flowed

35 into the reaction vessel, a small amount of the solution
was sampled. The sampled solution was subjected to after



25 crystalline portion. The reduced viscosity [err]/c measur ed at
30[err]Cin a 0.5 g/dl concentration toluene solution was 0.68 dl/g,

whi ch was a sufficiently high val ue. The H NMR spectrum of the
copolymer is shown in Fig. 3. 30 Exanpl e 3

Copol yrreri zation of ethylene and DCPD was carried out in the :
fol | owi ng neWBEBB¥3 ng a 500 M vol une st ai nl ess st e@CTHRBOOIAVE ~ = -
equi pped with a stirrer as the pol ymeri zati on apparatus and using
[err]Pr(Cp)(Flu)zrd[err] as 35 . the netgy lLLocene. Af ter.

purgi ng the autoclave with nitrogen gas, 80 m WO 98/ 33830

PCT/ JP98/ 00366
and 60 g of DCPDtxeptmeMar dadthatganehmanner a%&ﬁaalpheHZNeB& wigéfethis
added a net al | oceapo B> . solution prepared by dissolving 40 ng of

[err]Pr(Cp)(FIu)ZrCJ[fﬁ ]molg @raé%{%? 6%|%ﬁgebéﬁﬂ'@bh§§ %ﬂt fﬁ“@he

adjusted to a 2 M concentrat

of tol uene

was act stirring at

25[err]C for 10 #PABiekng RPP@ELYIF‘%F $1afg 42fieby mole,q éﬁﬁe?%‘? WHe&sSto 40[err]C,

t he cont ai ner

10

kg/ cnferr]

10

15

20

25

30

35

| Ntteaheftid@s point wadllistgiecut erthevibdppetbyveareicndas 70%.
pol yneri zati on W%%thmatloﬂ gt 't?é &b 1% r@%&ga&)”&;'rh%fé hyd SARrRZE680K € to 2

e amunt of incorparated
reaction based on Fig. 1 gives 6.6 at the starting point

of polymerization and 4.1 at 60% DCPD consumption.

A definite glass transition point was found through
DSC measurement, and the ATg was 13°C. Alsq, since
absolutely no crystalline melting point was observed
corresponding to polyethylene and/or the ethylene

.component block, it was confirmed that none of the

copolymer produced contained polyethylene or crystalline
ethylene blocks. The H, g5/Hi o5 was estimated to be 0.03
by’lH—NMR, suggesting the absence of DCPD component
linkages and the 1/4 x (I,3/I,,.) was estimated to be
0.00, suggesting the absence of the ethylene component
blocks which cause to form unfavorable crystalline
portion. The reduced viscosity 1,,/c measured at 30°C in
a 0.5 g/dl concentration toluene solution was 0.56 dl/g,
which was sufficiently high value. '

The polymer solution after the sampling was
transferred to an autoclave, and 3.0 g of cobalt
triactylacetonate [Co(acac);} and 5.1 g of
triisobutylaluminum were added. Thereafter,
hydrogenation was carried out under a hydrogen pressure
of 45 atms at 130°C for 3 hours. After hydrogenation,
the reaction mixture was added drdpwise with stirring
into a large quantity of methanol rendered acidic with
hydrochloric acid to produce precipitate. The
precipitate was then collected by filtration, washed
successively with acetone, methanol and water, and
finally dried to yield 305 g of the hydrogenated
copolymer. In the ‘H-NMR spectrum shown in Fig. 8, peaks
due to the C=C double bond in the DCPD component of the

This Sheet Has Been Replaced S SHEET e BEEN-
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continuously nonitored with a gas floweter, and the et hyl ene

pressure was | owered successively from2.0 - 1.6 -1.2-0.8- 0.4 -

0.2 kg/cnferr] every tine 80 nmol of et hyl ene was i ncorporated. The
pressures of below 1 15 kg/cnferr] are the partial pressures of ethylene

in the gas m xture with nitrogen. At 4 hours after the start of :
pol yneri zati orWOPHB8Iact i on was terninated by adding a " RCTATRASI003EEOUNE - -1
of isopropanol at the point at which the et hyl ene pressure (parti al
pressure) was |lowered to 0.2 20 kg/cniergd .. The reaction m xture was
subjected to after treatnment, in the sane manner as Exanple 1, to

yield 56.1 g of the copol yner. The nole fraction of the

DCPD conponent i n Si#ating copqdsmeri af &opSdy A Hiefd 2E% BTADTEPLILHELY he
gl ass 25 t r ansintiis@ingi Niggeds ihdStiedt hicre then DORDICONVERSIGHT WaS

therefore 75% ESthEE&laoﬂonPJs thgg g?&@gigz,@_tteg (Fr}lqbé %fpectrumaéﬂ

pol ymeri zation reaction based Lves the starting

poi nt of pol ymeri Z%tit3R %‘1n'ﬂ“t27’e§3’af R Peaks 2END i A 07 Yetd di-fér gl ass
transition pd nt via$5301.8, e bnted. Higom.D8C, pEds Ly eaenéstimatesli hoebe

absolutely no . 0;038Y AN PhiGno RALL e AsEE AT 0K Lespangi ng o

pol yethyl ene, it was cbn one 0O
cont ai ned pol yet hyi%kBeofrifyaliodecans st FﬁEPOﬂent a@f‘h?F%}ﬁ%erlﬁ ocks The
Herr]/Herr] was cespbnased tmhebeofolfinedd thusbybisineliHshibied suglpdshing t he

absence of DCPD ccamgee&ansmop hOKROSRy o3t e i atq(bE & 1 [ ehRd) Vs
PCT/ JP98/ 00386 reduced viscosity n,,/c measured at 30°C in a 0.5 g/dl _

concentration toluene solution was 0.53 dl/g, which was
sufficiently high value.
Industrial Applicabilit

According to the present invention it is possible to

15 - obtain a-olefin-DCPD copolymers with high alternating
copolymerization and high chemical homogeneity. Thus,
hydrogenated a-olefin-DCPD copolymers obtained by
hydrogenation of these a-olefin-DCPD copolymers as
precursors have high optical uniformity and high

20 transparency, and are therefore suitable for applications
as optical disk substrates and other optical materials.
According to the invention, there may be provided cyclic
olefin copolymers suitable for optical purposes, without
using costly polycyclic olefins.



- 66 - 0. 00, suggesting the absence of the ethyl ene conponent

bl ocks which cause to formunfavorable crystalline portion. The
reduced viscosity [err]/c was 0.46 dl/g, whi ch was a sufficiently
hi gh value. 5 Exanpl e 4 Copol yneri zati on of ethyl ene and
DCPD was carried out in the follow ng manner using the sanme

pol yner i zat i oOWO 98/33830 gppar at us and net al | ocene as Exanpl e 3.FPCTAP8/00366. - = - :

After purging the autoclave with nitrogen gas, 100 10 m of tol uene and
40 g o ed into the -coptai ner. Next there was added a
met al | Ifsol ution prepared by dissolving 40 ng of
[err]PréCp9 (R upmzZr€ [err] in a 46 m toluene solution of PMAO

adjusted to a 2 Mconcentration, and it &&&IM&tjvated by 15 stirring at
25[err]C for 10 minutas. Aht&foXeFin-bgcldwliefin copehpermativiehto 40[err] C,
the container int gﬂ YonWits essené:"ilb%i&%'tb'f el J0ist By ehdid &I¥ adNd-olefin

pol ynmeri zati on wa Initrate y T ncreasi n% he tlm(lllenz ?ressure to 2
kg/cnferr]. The aRPRRANSHE FARBPIRICECeRY bhf)Ifaid OwaRy onf? nuousl y
nonitored wwgh a gas flowreter. The et hyl ene pressure was | owered
successively from2.0 - 1.7 - 1.47- 1. 0.8 - 0.5 kg/cnferr] every
time 80 nmmol of et hyl ene was inco The pressures of ﬁ('@plow 1
kg/cnferr] are the partial pressures of‘efhylene in the gas 25 '>?ture
Wi th nitrogF@. ~Sinmul taneously, at intervgls of 5 m nutes after the
start of polynerization, DCPD was introduced into the container in

anounts of 0.4 nole to 1 . on | e of the ethylene i ncorpo during
that period. whegelq Ry 4% aa?”?’g‘?g°??fé akehy PXof sp%ufr?é"?:azé T%r?l%t%?he 30
reacti on was ter nhyditethrdbpnaddouyy of drdb| carlmunkatohs, i sopropanol at

the point at whi C?n& hﬁ-q]tolawﬁj?exu@fee%%uéecycloole(f@ﬁrtt:é) orir@SSure) was
|l owered to 0.5 kg/cnferr]. The total ] g{ﬁ)unﬁl of D added to the
contai ner al?er tFRePxgsgrtegsby the fodlowing tarmyida,bR) o1 2 g, The reaction

m xture -was 35 subjected to after treatnent, in the same manner as

20
(B)
25
wherein R’ is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms, and
(2) has a reduced viscosity n,/c in the range of 0.1-10
30 dl/g as measured in a 0.5 g/dl toluene solution at 30°C.

2. An a-olefin-cycloolefin copolymer which
(1) consists essentially of repeating units represented
by the following formulas (A), (B), (C) and (D):

35 :
1

R
40

wherein R' is a hydrogen atom or a saturated aliphatic

hydrocarbon group of 1-16 carbon atoms,



Exanple 1, to yield 54.4 g of the copol yner. WD 98/ 33830

PCT/ JP98/ 00366 - 67 - The
nol e fraction of the DCPD conmponent in the resul ti ng copol yner was
45% by nol e, and the gl ass transition point was 171[err]C. The DCPD
conversi on was therefore 71% Estimation of the nolar ratio (F) for

5 this pol yW?2#¥on reaction based on Fig. 12 gives 7.3 FCTIJP%/QOBGQ he- = -

starting point of polynerization and 11.8 at the endT)m nt.
definite glass transition point was exdi hited with
and since absolutely no crystalline nelting point was nmmll””“l

corresponding to 10 pol yethylene, it was confirmed that nenecoft time s
copol yrer produced cont ai ned pol yethyl ene or partial crystalline
et hyl ene blocks. The Herr]/Herr] was estimated to be 0.05 by
[err] H NVMR, ~ suggesting the absence. of DEPR conponent | i nkages, and
the 1/4 x (I[err]/1[err]) was estinma 15 0. 00, suggesting the
absence of the ethylene conmponent whi ch cause to form (B)

unfavorabl e crystalline porti ok’ The 1ced viscosity [err]/c was
0.50 dl /g, which was a sufficiently val ue. Example 5 20
Copol yneri zati on of -et hyl ene and DCPD was ed out under the sane
pol yreri zat i d? conditions as Exanpl e 17 except that 38 ngy of

et hyl ene- bi s(1-i ndenyl) zir,conium
wherein R" is a hydrogen atom or a saturated allphatlc

hydrocarbon group of 1-16 carbon atoms,

15
20
(C)
25
wherein n is 0 or 1; m is 0 or a positive integer of 1-3;
30 p is 0 or 1; and R°-R*? are the same or different and each
represents a hydrogen atom, a halogen atom, an aromatic
hydrocarbon group of 6-10 carbon atoms or a saturated or
unsaturated aliphatic hydrocarbon group of 1-12 carbon
atoms, or R” and R® or R* and R* may together form an
35 alkylidene group, or RY or R and R™ or R may form,
together with the two carbon atoms to which they bond, a
ring which may contain at least one
double bond or be an aromatic ring,
40
(D)
(CHZ)
q
45

wherein g is an integer of 2-8,
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di chl o the netal |l ocene instead of the 40 ng of
[err]P! Emﬂ“ | r] used in Exanple 1. 25 At 3 hours after
t he st t| on, smal | anmount of isopropanol was added

to term nate the reactlon The total anount of DCPD added to the
container after the start of polynerization was 41.7 g. The reaction

m xture was aB@§3#®pwi se with stirring 30 into a | ar ge RETARNOO3660F - = -

nmet hanol rendered acidic with hydrochl oric acid to produce a
precipitate. The precipitate was therexael l ected by filtration, washed
successively with acetone, net hanol and water, and finally dried to

yield 62.9 g of the copol yner. The nol e fractlgn of the DCPD

conponent in the Wwith C?‘E%‘Iﬂlt‘?‘ﬁ@ Eﬁb’oq’i/ri’efr (s UBADo BFInBPe, (BhdERB gl ass
WO 98/ 33830 represent the molar percents of the resPEFtiNRD3/ep@a6ééng

- 68 - - tr skt gg) po(lg)t Y\@nglgg[(g)r]oggi% Qgﬁgegog\y‘g{ s_hgg was

therefore 67% Estinmati tio a/id
é)é 3¢ [A) [t ]the startlng

pol yneri zati on r edd®dohh b%}s)e(d [SH Ei PIhT grud
poi nt of pol $neri ZaVedalehdnA TDIY (Ches B95/5ema peindt. A definite

gl ass-transition RQ'nﬁa¥W53reducede¥f§éB§1 VB &ﬁ%EH“QGSHheﬂﬁﬁﬂnadaad si nce
absol utely no ne nelti p0|nt rved corre nding to
pol yet hyl ene, it s c:}o/ #‘? chL!(? Fﬁa’f‘e"’fﬁ)‘%@doﬁnt 2 gmg? uene S°§$giﬂbed
cont ai ned pol yet hyiteAB°@r partial crystalline
' 3. An a~olefin-cycloolefin copolymer accordlng to
10 claim 1, wherein substantially no peak assignable to
melting of a polyethylene and/or ethylene component block
is observed in the DSC curve thereof.
4. An u-olefin—cycioolefin copolymer according to
claim 1, wherein ﬁhe ATg, indicating the temperature
15 difference between the falling point and the rising point
in the DSC curve thereof, is not higher than 15°C.
5. An a-olefin-cycloolefin copolymer according to
claim i, wherein the glass transition temperature (Tg:
°C) thereof satisfies the following expression:
20 -22.7 + 2.84 my + 0.0262 my’ < Tg < -2.7 + 2.84 my +
0.0262 my
wherein m, denotes the mole fraction (%) of the cyclic
olefin component in the polymer and is within the range
of from 38% to 50%,
25 and the a-olefin is ethylene.
6. An a-olefin-cycloolefin copolymer according to ’
claim 1, wherein a ratio (HL”/ﬁL“) of the intensity
(H,.3s) of the valley at § 1.85 ppm to the intensity (Hj os)
of the peak at & 3.05 ppm in the 'H-NMR spectrum thereof
30 is not more than 0.15, and the c-olefin is ethylene.
7. An a-olefin-cycloolefin copolymer according to
claim 1, wherein 1/4 of a ratio (I,3/I;,0) of the peak
area (I,;3) at &§ 1.3 ppm assignable to a polyethylene
and/or ethylene component block to the peak area (I;.ps)
35 at 8§ 3.05 ppm in the 'H-NMR spectrum thereof is not more
than 0.05, and the oc-olefin is ethylene.



10 et hyl ene blocks. The Herr]/Herr] was estinmated t
[err] HNMR, suggesting the absence of DCPD conponent sﬂ@ gw Hﬂ"‘m l"r
the 1/4 x (I[err]/I[err]) was estimated to be 0. 02,

negligible anbunt, if any, of the et hyl ene conponent bl ocks which

cause to formunfavorable 15 crystalline portion. The reduced viscosity

[err]/c WOISBHBRI at 30[err]Cin a 0.5 g/dl concentr at iRGT/IPOBNIBGee - = ¢

solution was 0.73 dl/g, which was a sufficiently high val ue.
Exanple 6 20 Copol yneri zati on of-edhy ene and DCPD was carried
out in the follow ng manner according to Exanple 1, usi ng
[err]Pr(Cp)(Flu)zZrd[err] as the netal | ocene and tr|t .

t et r aki s(pent af | uor oph&nyl ) BRFC5EES (Y élfr‘?d‘éf’13‘5b?‘b\?1’811§5m'°y°l°l°6efm

[ (C[ err]H err]) [ eradpBijmer] [@(xrqresqlf[@pql)r[nen}:}r)g @ a-plefin @f @apal yst .
"~ The smepelayﬂaiIa&@hgomﬁpnﬁrc%uspm&da%% 2 tke presenE¥anpl e

1 After purging the con r of t ol uene
and 30 g of DCPD & Eﬁg%g‘égz cﬁfngnsmg at%hgeéf)ﬁtoaﬂ%&gta&l%x?erﬁere was
added a cat alSyst gdlighi bhe centrajgrwetaledsbyitestwtyizigcenivy f hafnium :
[err] Pr(Cp) (Flu) Zrded] QErlea%f’td o¥e promdtek Rat@lyst, th.le maintaining a

[(C[ err]Herr])[err 1%] F__ )Cgﬁ'\} F[ er o}%%er rll] r£a§t£'$n ogysqeﬁol ution
it nu o

triisobdt oncen i On n *héxan ution),
and it was actlvat‘@&hby étﬂi-'?frg%gha?hﬁ?[‘éﬁrf]lesf‘é‘i*e 55011°W1“9n?’FRHe§§1°’Fhe r est
of the polynerizatign was conduct ed exactly as in Exanple 1. At one

hour after the start OFI BSHchr# *gg}; édzlaern' 395?18%1{5&%' gn vas term %gped

by addi ng a total amount of
WD 98/ 33830 _ durlng the period from the start of podymgpbigHPisgntil

the conversion of the dicyclopentadiene added to the
polymerization reaction system reaches 60%.
9. A process for producing an a-olefin-cycloolefin
15 . copolymer compriéing copolymerizing an a-olefin of 2 or -
more carbon atoms with dicyclopentadiene in the presence.
of a catalyst comprising at least one metallocene of
which the central metal is titanium, zirconium or hafnium
and at least one promoter catalyst, while maintaining a
20 mole ratio (F = [dicyclopentadiene])/(a-olefin]) of the
monomers in the reaction system within a range which
satisfies the following expression (II)

38/62 < F/(F + r,) < 48/52 (II)

during the period from the start of polymerization until
25 the conversion of the dicyclopentadiene added to the
polymerization reaction system reaches 60%.

10. The process of claim 8 or 9, wherein said o~
olefin is ethylene. ' |

11. The process of claim 8 or 9, wherein the

30 central metal of the metallocene is zirconium and the
promoter catalyst is aluminoxane.

12. The process of claim 8 or 9, wherein the
central metal of the metallocene is zirconium and the
promoter catalyst is an ionic boron compound.

35 13. The process of claim 8 or 9, characterized in

that the mole ratio (F) of the monomers in the reaction
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- 69 - added to the container after the start of polynerization
was 37.4 g. The reaction m xture was subjected to after treatnent in
the sane manner as Exanple 1 to yield 62.3 g of the copolyner. 5
The nol e fraction of the DCPD conponent in the resul ti ng copol yner
was 44% by nol e, and the gl ass transition point was 166[err]C. The

DCPD eenve#s - oWORBAB/I__ therefore 73% Estimation of the nBCARPIBROIE (F) - -

nerjzation reaction based on Fig. 12 gives 12.1 10 at

the sti I “ﬂu Iﬁ '”!Molyrrerl zation and 6.94at the end point. A
def i ni on poi nt was exhi bited with DSC neasurenent,
and since absolutel no staII t.i oi nt was ob ved
correspondi ng to te"b&ls’yéf‘h?l %‘l%ssactﬁ#?'?gtsﬁquf?aﬁslﬁ&nz?gfoﬁ he
copol ynmer 15 pr 6U)c echtddnthe rcemvmbyeumﬂ dgihe dicyalapeaitiagiengsadddd ne

ethyl ene blocks. The trr@dbe@gm&%bhyrégéeﬂdrp s%eéﬂrﬁéhaies 70%. 30[err]C
ina 0.5 g/dl concentrqﬁl on ;\ol uene sol yt whi ch was
I

ion
a sufficiently high va PLO8e5fpPe A 'For 9, ‘&eﬁ&lyn%"?zaﬂ%n of
et hyl ene and DCPD efsadgr mpaemer ratigu(Funidge® hé-8ane pol yneri zation

COEd: ti 0”; a?lExagm el 15. AR, aENEFRh- Eﬁﬁioo‘ie&xﬂgc%olymer ghlch : f

et hyl ene-bi s in Zi rconi t

[err] Pr(Op) (Flhu) ngYe‘%or"f’lsE% essen?:;aﬁfﬁ °Z€Q)I §I9'% E ter ﬁg S tgf%lq‘
pol-ymeri zation, a °°mP°ne§‘n‘faF?Pé?ﬁﬁm?do'PY|‘é‘l?prf@é&ﬁmngva@%déd({‘fd term nate
t he reaction. The total anount of DCPD added to the cont ai ner

after the stet of polynerization was 40,5 g. .The reaction m xture
was subjected to after treatnent in SOM manner as Exanple 1 to
yield 63.3 g of the copol ymer . e mol e fraction of®whe

DCPD conponent in the resul ting copdhyner was 42% by nol e, and the
gl ass 15

wherein R' is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms,

and 61-100% by mole of a cycloolefin component
represented by the following formula (By)

20
25 (Ba)
30
wherein R? is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms, and
(2) has a reduced viscosity 7,,/c in the range of 0.1-10
dl/g as measured in a 0.5 g/dl toluene solution at 30°C.
35 16. An a-olefin-cycloolefin copolymer which

(1) consists essentially of repeating units represented
by the following formulas (Ay), (By). (Cy) and (Dy):

N T
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transition point was 158[err]C. The DCPD conversi on was 35 nu"m
70% Estimation of the nolar ratio (F) for th| s poI y Eln mﬁm””",
reaction based on Fig. 12 gives 12.1 WO 9

PCT/ JP98/ 00366 - 70 - at the
starting point of polynerization and 6.9 at the end point. A definite

gl ass transitiYR¥HM was exhi bited with DSC neasur enBET/JP80866i nce - -
absol utely no crystalline nelting point was observed corresponding to

5 pol yet hyl ene, it was confirned that hawm -of the copol yner ’

produced cont ai ned pol yethyl ene or partial crystalline et hyl ene

bl ocks. The Herr]/Herr] was estinated to be 0.03 by [err] H NVR,
suggesting the absence of DCPD conponent | {nkages, and the 1/4 x

(I[err]/1[err]) was estimated to be 1
t he et hyl ene conponent bl ocks whi\c f or m unf avor abl Q Aq)
crystalline g ~portion. The reduced Vvigcosity [err]/c measured at
30[err]Cin a 0.5 g/dl concentratiogr!tol uene solution was 0.78 dl/g,
which was a sufficiently high value. 15 Conpar ati ve Exanple 1

Pol ynmeri zati on wa t LH]QEI’ €, 5aE: Iyl

conditions as Exa %h%%%e,gxgg t thatOg%g at rﬁﬁaaggégéﬁgéigﬁg{rbthe
start of pol yneri ilardr@ﬁarbnn GB‘OUP of #n%u?é@‘&ﬂ‘t%ﬁo"lshe start of

pol ymeri zatiign, a small anount

15 (Bn)
20
wherein R® is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms,
25
30 (Cu)
35
wherein n is 0 or 1; m is 0 or a positive integer of 1-3;
p is 0 or 1; and R’-R* are the same or different and each
40 represents a hydrogen atom, a halogen atom, an aromatic
hydrocarbon group of 6-10 carbon atoms or a saturated
aliphatic hydrocarbon group of 1-12 carbon atoms, or RY
and R or R* and R? may together form an alkylidene
group, or R"” or R and R* or R may form, together with
45 the two carbon atoms to which they bond, a ring which may

be an aromatic ring,
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20 of isopropanol was added to termnate the reaction. The

reaction m xture was subjected to after treatnent in the sane nmanner
as Exanple 1 to yield 34.6 g of the copolynmer. The nole fraction of
t he DCPD conponent in the resulting copolynmer was 36% by nole. The

DCPD 25  conversion was therefore 84% Estimation of the nol ar

ratio (F) for YB3 ynerization reaction based on Fig. RCT@QWQW@S e

12.3 at the starting point of polynerization and 2.0 at the end

poi nt. The glass transition point was - 96reasured to be 1
DSC, but a broad change in heat 30 capacity was exhibited ﬂﬂmwpﬁn Hﬂls,”",
transition point was I ndefinite. However, no crystalline ne s %
poi nt correspondi ng to pol yet hyl ene was served. The reduced

viscosity [err]/c was 0.75 dl/g. Conparatfve Exanple 2 35
Pol yrmeri zat'i on was carried out under\th pol ynmeri zati on (py)

condi tions as Exanple 3, except that a (cH,) WO 98/ 33830
PCT/ JP98/ 00366 q - 71 - const ant
ethyl ene pressure of 2 kg/cnferr] was naintained during the

pol ymeri zation reagd@83n @tlgpr)_ﬁl Qggég@}t@f 2-8, the start of
pol ymeri zation, a S

Icoa Qi ﬁdg‘ pgqaoi add dleg? terrn nat e
the reaction. The¥ TRATt ’tﬁ’ﬁ‘ FRRERT LhndSrbubBadt e "t]o T P hent
in the lkane repreeenhstisxawibr pexeentisebd Bme &ejp@bttlhe repeating
units (Ag), (Bg), (Cy) and (Dy) being in ranges such that
([Ag) + [Bg))/([Cg) + (Dy)) = 95-99.9/0.1-5, {Ay}/[Bz) = 0-
39/61-100 and [Dy}/(Cyg} = 0-95/5-100, and
(2) has a reduced viscosity 7n,,/c which is in the range -

15 of 0.1-10 dl/g as measured in a 0.5 g/dl toluene solution
at 30°C.

17. An oc-olefin-cycloolefin copolymer according to
élaim 15, wherein substantially no peak assignable to
melting of a polyethylene and/or ethylene component block

20 is observed in the DSC curve thereof.

18. Aan a-olefin-cycloolefin copolymer according to
claim 15, wherein the ATg, indicating the temperature
difference between the falling point and the rising point
in the DSC curve thereof, is not higher than 15°C.

25 19. An a-olefin-cycloolefin copolymer according to
claim 15, wherein the glass transition temperature (Tg:
°C) thereof satisfies the follow1ng expression:

-32.7 + 2.84 my + 0.0262 mT < Tg < -7.7 + 2.84 my +

0.0262 mg’

30 wherein m; denotes the mole fraction (%) of the cyclic
olefin component in the polymer and is within the range
of from 38% to 50%,
and the a-olefin is ethylene.

20. An ao-olefine-cycloolefin copolymer according to

35 claim 15, wherein a ratio (H’, ,/H’;4,) of the intensity
(H'3.20) ©of the valley at 6 2.20 ppm to the intensity
(H’;.4,) of the peak at 8§ 2.40 in the 'H-NMR spectrum

thereof is not more than 0.07, and the a-olefin is
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copoly he nole fraction of the DCPD conponent in the
resul tﬂlﬂlumnu“mn 32% by nole. The DCPD conversion 10 was
therefore 93% ™Estsi mation of the nolar ratio (F) for this

pol ymeri zation reaction based on Fig. 12 gives 10.8 at the starting
poi nt of polynerization and 0.76 at the end poi nt. DSC neasurenent

reveal ed a | a{RIEREY herni c peak near 120[err]C, and BCEHIRISNGS. | ne- - -

mel ting point 15 correspondi ng to pol yethyl ene or partial crystalline
et hyl ene bl ocks was observed. Upon redisscli Bmng t he copolymer in

t ol uene, an insoluble portion was confirned. DSC neasurenent after
renovi ng the tol uene. s]c_)l ubl e portion revealed a glass transition

poi nt, though broa§®¥®"€and indefinite, at 114[err]C. The reduced
viscosity [err]/c 2lvas A0P8Scesd for Produca«mpmea@lefin-CYClOOT%ﬁal 300
n vol ume aut ocl aveopbw@zwevz:empﬁlﬁeﬁx copolyn@frﬂzmageéxhﬂ-@le/fm@x 2

copol yner obtained in a ?1 of, t ol a g of the
hydrogenati on_cat af’ys]'f“LEXe @ar%&ﬂcfgﬁ’ﬁéﬂ&ﬁﬁg §cycalr?(§’eﬁ$'§r og’égna | oglér eaction
was carried 3 puesense Rihguratakyst7opepriang B ASaS®rBFen pressure of
40 kg/ cni er r hretdlodeaC bif Owh 181X tthee c¥RSrd e le@al Pis at Adthnibm,

mothanol . and 11t 5okl efhun@nhag AR VPO A5 ool oo <@l fhe.

copol yner. err ectrum (wit Uterized o-
di chl or obenzene as¥hhit® SHWIPEALRIRT & I’I’\QlPe%H‘? ) of the RMPREF Lot
t hat the signal appeattiwh alfsben- x&.t&upnpm range wlieht patinsfilasr ahed bonds in

the DCPD had,gonpl %f . géégﬁgp d, and. the hydrogenation rate was
99.9% The Wﬁ% 3 21 representing the term nal doubl e
[ lcycloPentadlene /[a-olefin]) > (I)

during the period from the start of polymerization until
the conversion of the dicyclopentadiene added to the
polymerization reaction system reaches 60%, and (2)

15 hydrogenating the resulting copolymer until the degree of
hydrogenation reaches at least 99%.

22. A process for producing an a-olefin-cycloolefin
copolynmer comprising (1) copolymerizing an a-olefin of 2
or more carbon atoms with dicyclopentadiene in the

20 presence of a catalyst comprising at least one
metallocene of which the central metal is titanium,
zirconium or hafnium and at least one promoter catalyst,
while maintaining a mole ratio (F =
{dicyclopentadiene])/[a-olefin]) of the monomers in the

25 reaction system within a range which satisfies the
following express;on (II)

38/62 < F/(F + r,) < 48/52 (11)
wherein r, denotes a monomer reactivity ratio of a-olefin
relative to the DCPD and represents the a-olefin,

30 during the period from the start of polymerization until
the conversion of the dicyclopentadiene added to the
polymerization reaction system reaches 60%, and (2)
hydrogenating the resulting copolymer until the degree of s
hydrogenation reaches at least 99%.

35 23. The process of claim 21 or 22, wherein said o-
clefin is ethylene.
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Y\D 98{ 33830 PCT/ JPgﬁmﬁﬁm
72 . ~bonds of the copol ymer had al so been hydroge il ,'"Ij”llls””!l'

reduced viscosity [err]/c was 0.58 dl/g, and no reduction

nol ecul ar wei ght was observed fromthe hydrogenati on. The gl ass
transition point was 160[err]C, virtually unchanged 5 from before

hydr ogenat i on WO 98533830y anp| ¢ 9 Pol yreri zati on wasBCHEMSME6out ~i n -
exactly the sane manner as Exanple 4, and the reaction was term nated
by addition of a small anount of iseo®8Bpanol. After adding 10 - 0.2
g of the hydrogenation catalyst RuC H(CO PPhlerr])[err],

hydr ogenati on was conducted for 5 hours at 170[err hydr ogen
pressure of 40 kg/cnefti. TREhBTPERRA i%9n® ﬁr’? ]e‘ﬂ'}agz ollefly hiteSted to
after treatnent icenheakawtatnnfictheagnetallocéneinis @lICPGlWéVUJ theo g of a.

hydr?genat fedt ﬁt hyb@Bllﬁ?'EQanlélrstCﬁp@MHﬁhoxane ] Thf [err] HvalR due
spectrum o e resu g a u gnal due
to unsaturated bonds, %:If: e p¥?‘ﬁ%ssh)?(fr Ségﬂlﬁ}tl\flgr?rr 2?é i 29)81055'0?%% The
conposi tion Bati ocentral G'Feqaﬂeoﬁy'elh%g'@wtléeeﬂPDscGH‘ﬁﬁﬁBh‘f’“\/%Sd ¥8% by nol e
as 20 det er m negdoRytérdatGIMR e aflioARst botdie cghpesndr ansi tion -
ol nt vas 1700er 1€ angs ! Nayleclioeds ¥ iCRTLLN 1P 2, VERathckbrized 1fl T

whi ch were al nost the sane va
Exanpl e 10 25 that ghp nRler saeiait & Qtfh‘y'T‘%rpr’ﬁ@gEschongc%f’%l ned
in Exanpl es 8 ands9svefieid um berapys ivhiet, sattsties expressiwi dddl eal um num

content i n ggch pcztrr¥geen1yﬁs hRIHERtLIfon pr ciUBlcyliopRitadidir addéi ng

. 5% by wei ght of to the cgé) tymar $ Waﬁ{used for
| nj ection mol di ngt30th %{-Ilyé‘elrééPh’-‘?"érﬁféF&f-ﬁ? BEeBOFRFPFT, 16 obtain
panel s each - .. The process of claim 21 or 22, wherein the
range of said monomer ratio (F) is F > 5.5.
28. ‘An optical material composed mainly of an a-
15 olefin-cycloolefin copolymer according to any one of

claims 15-20.
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with a thickness of 1.2 nm Both panels had very high
and the light transmttances at 550 nm

were, respectively, 91.8% and 1. 096(copolyner obtai ned in Exanple 8)
and 92. 0% and 35 0. 8% (copol yner obtained in Exanple 9).
Conpar ative Exanple 3 WO 98/ 33830 .
PCT/ JP98/ 003680 98/33830 - 73 - - PCT/JP98/0036fhe - - -
et hyl ene- DCPD copol yners obtai ned in Conparative Exanples 1 and 2
wer e each hydrogenated according to Exanpl e 8, to obtain hydrogenated
et hyl ene- DCPD copolyners wi th hydrogenation rates of at 99.9%or 5
hi gher. After purification in the sane nner as Exanpl e 10 until
t he residual alum numcontent in the ¢ 1% mer was under 10 ppm 0.5%
by wei ght of Irganox 1010 was added and injection nolding was carri ed
out at a resi tenperature of 300[err]C to obtain plates each with a
10 t hi cknegs of 1.2 nm Unl i ke Exanpl e 10, tk@%e pl at s had
Iom1transpareﬁcy _ and con5|derable haze. In particul gtathe copol yner
obt ai ned in Cd¢m i e R CORSHEer-abi-e—— |lenidi-pepmg| and no
transparency. }gggglght transnlttances 15 at 550 nmweyd ergiglpiahd t he
haze val ues wg respectively, 82.3% and 10. 6% (copdgl ynmer ob} ai ned
in Conpgr ativeé Exanple 1) and 48.6% and 43. 9% (copal \ner
| i 1.220
Y 123
 =~1.300
=—1.386
- 1.454
: L T\"1.467
L~ —1.687
_ _ —2.152
- —2536
_m I
|-~
00002
Lo
2\ —5,633
O
—6.112
— | ~—6.948
‘“7::q - —7.216

transpa
mavelength and the haz

rency,
e val ues

Fig. 1



obtained in Conparative Exanple 2). Conpar ati ve Exanple 4 20

Copol yneri zation of ethylene and NB was carried out under the sane
pol ymeri zati on conditions as Exanple 1, except that 21 g of NB was
used instead of 30 g of DCPD. At 30 mnutes after the start of
pol yneri zati on smal | amount of isopropanol was added to term nate
the 25 reac‘f’PB?Pm"l'he total amount of NB added to the con®&FHR}8/00366
after the start of polynerization was 5.6 g. The reaction m xture was
subjected to after treatnent in the same manner as Exanple 1 to yield
21.7 g of an ethyl ene- NB copol yner. The nole fraction of the NB
conponent in 30 the resulting copol y?( was 67% by nole, and the gl ass
transition point was 208[err]C. The NB Shver si on was therefore 71% -
Assum ng the solubility of ethylene in NB to be about the sane as in

DCPD, the nol gr—ratto—<(F——Ts estrmated—to bhe— 122 —=atTtae—starti ng
poi nt of 35 pol yneri zation and 4.3 at the end point. In# ction

nol di ng was atjt enpted after thorough purificati on o of e é) llymer
until the resifdual al um num content was under

- 74 - 100 ppm but the resin viscosity was extrenely hi 9?1 ﬁmd a
uni f or m nol ded gseyduct coul d not be achi eved. Exanpl eL 11
Copol yrneri zatifjon wag carried out in the sane manner 5 '
except that 2.7 g of N5 et hyI i dene- 2-
by nol e of DCRD was Gexchocknarael = f 3 Dol
Exanpl e 3, and i i :

N

9820'0‘ L _/‘10.790
00002 i

Fig.2



The nol e fraction of the DCPD conponent and 5- 10

et hyl i dene- 2- nor bor nane conponent in the resulting copol ynmer were 43%
by nol e and 3% by nol e, respectively, and the glass transition point
was 170[err] C. The DCPD conversion was therefore 70% Assum ng the
solubility of et hyl i dene in 5-ethyl ene-2-norbornane to_be about the ..
same 15 as VAR the nolar ratio (F) is estimated to HbECTHPI0I6E 4. -
the starting point of polynerization and 32.7 at the end point. A
definite glass transition point was exhi bited with DSC neasurenent,
and since absolutely no crystalline,nelting point was observed
corresponding to 20 pol yet hyl ene, it s confirned that none of the
copol yrer produced cont ai ned pol yethyl ene or partial crystalline
et hyl ene bl ocks. The reduced viscosity [err]/c was 0.44 dl /g, which
was a sufficieptly high value. - Exampl e 12 25 @pol ynefi zati on
of ethyl ene anF DCPD was carried out, in the follow g§nagg$&] usi ng
[err] Pr(Cp) (Fl [y-2-Chforsl—as— the = 0000
trityl-tetraki p(pentafl uorophenyl) borat e (hereunde abEmeza ed to
[(Cerr]Herr])[err]C[err][B(Cerr]Flerr])[err]) as A pronot ér
catal yst. 30 ) - a 500 m
vol ume 3- neckefb§dEst ni t r ogen}gas,
170 M of tolugne, 30 Ty 19885 num (1
M concentratiop n-hexane ' STt i %%ig i ner.
35 After then raisi sl onporat W e To—40ker 1] C, 409
contai ner intefior was adequately subs I[u{ed Wit — I ?t}%gg
-75- L_ — —C\l_.1:g[05
— ————— L ——2.151
| T2.220
ﬁ | —2.500
___0€66°0( f”——-aﬂsg
'l
L4700 -
| $ha
0%%030 z sy
_ | ——5.642
023900 Lo
94
—— (RN
— | %
| 7260
F 7.351

Fig.3



et hyl ene.

[err][B((err

wer e added and pol yneri zati on was
pol ymeri zati on,

et hyl ene pres

conti nuously YREP

g/ mn.
smal | anpunt
total anmount

pol ynmeri zati on was 30 g.

stirring

hydr ochl ori c
col | ected by
and water an
The nol e .frag

Next ,

42 ng of [(CJerr]Herr])[err]C
]F[err])[err]] and 20 ny
initiated. During
et hyl ene was

sure of 5

0 1 atnosphere in the container,

B%pwi se into the container at a rate

At one hour after the start of polynerization,

of isopropanol was added to termnate the 10
of DCPD added to the container after the
The rea n
into a large quantity 0V4£;
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WD 98/ 33830 : PCT/ JP98/ 00366
- 76 - out in the follow ng manner according to Exanple 12,

using Et(Ind)[err]ZrC[err] as the netall ocene instead of
[err]Pr(Cp)(Flu)zrd[err]. Into the sane pol ynerization

contai ner as Exanple 12 5 there were charged 140 ml of toluene, 30 g of |
DCPD and WO%BI?S?H of triisobutylalumnum (1 M concent r afCSAPIBBLane- - -:
solution). After then raising the tenperature to 40[err]C, t he
container interior was adequately substituted with et hyl ene.  Next,

42 mg of [(C(Jerr]Herr])[err]Oferr][B((err]Flerr])[err]] and 19 ng 10

of [err]Pr(Cp)(Flu)Zrd[err] were added pol yneri zati on was

initiated. During the polynerization, ethyfene was conti nuously
supplied to maintain an ethyl ene pressure of 1 atnosphere in the

cont ai ner, W{TT& new DCPD Was. conti nuously added dropw seji Tirat he
container at {a rate 15 of 0.25 g/ mn. At 2.5 hour Eer t he
start of polymerizatiogla. smal | amount of isopropanol was Ja Bd to
term nate thg react|on. The total anount of DCPD added to tjhg

cont ai ner aftler the start\of polynerization was 37.5 g. 20 rleaqti on

m xture was qubjected to artgr treatnent in t he sane nner as%

Exanple 12, tlo yield 66.1 g o copol yner. Ther ngl e

fracti on of tlhe DCPD conponent in the

ner wasL 4Q% by
nol e, and thg gl ass :

z0'0

00°L

-0

Fig.b



25 transition point was 150[err]C. The DCPD conversi on was

therefore 74% Estimation of the nolar ratio (F) for this

pol ynerization reaction based on Fig. 12 gives 11.9 at the starting
poi nt of polynerization and 6.6 at the end point. 30 A
definite glass transition point was exhibited with DSC neasur enent ,

and the [err] WOMIM0. O[err]C. Al so, sirce absol ut el yPEHIRBPENE| | | ne- -

mel ti ng point was observed correspondi ng to pol yethylene, it was
confirnmed that none of the copol yner produced contai ned pol yethyl ene
or 35 partial crystalline ethylene blocks. The reduced Vi scosity
[err]/c measured at 30[err]Cin a 0.5 ggg( WO 98/ 33830

PCT/ JP98/ 00366 & - 77 -

concentration toluene solution was 0.75 dl/g, which was a

suf fi ci ent |y rhr-gh—vatue- Exarpte—14— Copotymert—za it‘El of
et hyl ene and{DCPD was carried 5 out in the follow ng manner, usiimg ("
Me[err]Si(Ind)2ZrC[err] as the net al | ocene and polyatbetey Embroxane
(PMAO as a pronoter catal yst. The sane pol ynerigdtign
appar at us was used as in Exanpl e 12. After purging the contaiper wth

nitrogen 10 gas, 130 m of toluene, 30 g of DCPD and 2 m of a
t ol uene sol ugion of PMAO adjusted to 2 M coiiifi:fiiff—_—jsr___,,/ i

o o
——— -
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were charged into the container. After then raising the tenperature

to 40[err]C, the container interior was adequately substituted with
et hyl ene. Next there was 15 added a netal | ocene- PMAO sol ution prepared
by di ssol ving 20 mg of Me[err]Si(Ind)[err]ZrC[err] in 22 mM of a2 M
concentration tol uene solution of PMAQ, and it was activated by
stirring at 25P"OPBRor 10 ninutes, and pol yneri zati on was ~ BCT/JP98/00366  — - :-:
initiated. During the polynmnerization, ethylene was 20 conti nuously
supplied to maintain an ethyl ene pressure of 1 atnosphere in the
cont ai ner, while new DCPD was conti nuously added dropw se into the
container at a rate of 0.2 g/ mn. / At 3 hours after the
start of polynerization, the 25 reac ﬁ was term nated by adding a
smal | anmount [Of I SOpropanol . The total anount of DCPD adg he
container affer the start of polynerization was 36 g. Th ifon
m xture was $ubjected to after treatnent in
Exanple 12 t yi% 1,5 g of the 30 copol yner. -6
fraction of fhe % conponent I o il $£.44% by
mol e, and th¢ gl ass transi . The DCPD}
conver si on S therefore 72% e nolar ratio J:F) for
35 thlsplymn qu } F gt the
starting poimt of polynerization and 5.Z at y WQ. 98/ 338309
PCT/ JP98/ 00366 685, — . - 78 - D :
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o
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end point. A definite glass transition point was exhibited with
DSC neasurenent, and the [err] Tg was 9.5[err]C. Al so, since

absolutely no crystalline nelting point was observed 5 corresponding to
pol yet hyl ene, it was confirnmed that none of the copol yner produced
cont ai ned pol yet hyl ene or partial crystalline ethylene blocks. The _
‘reduced %%&’Pty [err]/c measured at 30[err]C in a O:BFEJras0osss  _ - -
concentration toluene solution was 0.71 dl/g, which was a 10
sufficiently high val ue. Exampl e 15 Copol yneri zati on of
et hyl ene and DCPD was carried out_under the sanme pol ynerization
condi ti ons as Exanpl e 12, except;?ﬁgt the rate of DCPD addition in
Exanple 12 15 was changed to 0.8 g/ for the first 20 mnutes after
the start off polynerization, 0.5 g/mn for the next 20 m huifes, | and
0.2 g/mn fqgr the last 20 m nutes. At one hour afterjthegstart
of polynerization, a smal | anount of isopropanol was added tjo
termnate the 20 reaction. The total amount of DCPD added tp tlhe
contai ner afjfter the start of polynerization was 30 g: r gaet | on
m xture was |[subjected to after treatnent in t he sane manner jas
Exanple 12 tjo yield 58.9 g of the copol yner. 25 The [hol g
fraction of |the DCPD conmponent in the resul ting copol yney/ was 48% by
nol e, and tag gl ass transition point was 161[e . e DCPOy
conver si on S therefore 77% Estimat: he nmolar ratio |(F)|for
this pol ymrizm Fig. 12 gives 10.2 30 at [t he
starting poijnt of polynerization and 4.1 s poi nt . o~
A definite glass transition point was exhibited wt megsur gnent ,
and the [errf] Tg was 8.6[err]C. Al SOr—SRee—————=akeatut=tyT0 crystalline
melting point was observed 35 correspondi ng to pol yet hyl ene,}it| was
confirmed tHat none of the copol ymer produced contained pplyethyl ene
or
I
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D
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WO 98/ 33830 PCT/ JP98/ 00366

- 79 - partial crystalline ethylene bl ocks. The reduced
viscosity [err]/c measured at 30[err]Cin a 0.5 g/dl concentration
t ol uene solution was 0.50 dl/g, which was a sufficiently high val ue.
5 Conpar ative Exanple 5 Pol yneri zation was carried out under |
the same WO ions as Exanple 13, except that no newPROEIEP8ME366  _ - -
added after the start of polynerization. At 2 hours after the start
- of polynerization, a small anount of 10 i sopropanol was added to
termnate the reaction. The reaction mxture was subjected to after
"treatnent in the sane nmanner as le 12 to yield 35.9 g of the
"~ copol ymer. The nol e fracti orf, the DCPD conponent in the 15
:resulting copolyner was 35% by nole. Thé DCPD conversion was
therefore 86% The glass transition point was measured to be :
130[err] C by DSC, but a broad change in heat capaci ty{ was exhihited
and the glags transition pojnt was indefinite and=tht|[err]Tg was
19.6[err] C. |A slight crystalline 20— ' i ppndi ng t g
pol yet hyl en¢ was observed. The reduced viscosity [erryf& was 0./80
dl/g. Exanplle 16 - &
<
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To a 300 m volume autoclave there were added 15 g of the
et hyl ene/ DPCD copol yner obtained in Exanple 12, 90 25 m of toluene and
50 ng of the hydrogenation catal yst RuCl HCO PPh[err])[err], and a
hydr ogenati on reaction was carried out for 5 hours at 170[err]C with
a hydrogen prgssur f 40 kg/cnferr]. The reaction m xture was
reprecipitat eg%lgﬁ's?”g
yi el ded 14.8 30 g of the copol yner. The [err] H NVR spectrum
(with deuterized o- di chl orobenzene as the solvent) of the resulting
copol ynmer showed that the signal appearing at 5.5-5.8 ppm due to
unsaturated bonds in the DCPD had conﬂeg(gly 35 di sappeared, and the
hydr ogenati on rate was 99.9% The geaks near 4.8-5.0 ppm
representing the term nal double WO 98/ 33830
PCT/ JP98/ 003 - 80 - bonds of
t he copol yngr had al so been hydrogenated. The reducedf \H scosity
[err]/c was {9—50—e+g re—Re : -1 ; ses=ar—\WHaht. was
observed frdg Fpmint was
c

m t he hyd}ogenation. The gl ass transitt+e

154[err]C, irtually unchanged 5 from bef ore hydrogenat! ¢nE
Exanple 17 The et hyl ene- DCPD copol yner obt ai ned |r:3kanple 13
was subjectdd to aNjyydrogenation reaction in the sane

it
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_
j

Fig.10
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manner as Exanple 16, to obtain a hydrogenated ethyl ene- 10 DCPD

copolyner with a hydrogenation rate of over 99.9% The reduced

viscosity [err]/c of the polymer was 0.72 dl/g, and no reduction in

nol ecul ar wei ght was observed from t he hydrogenation. The gl ass
transition point was 148[err]C, - virtual ly unchanged from before _
hydr ogenat i on"WC8R3830 £y anpl e 18 " The hydr ogenat ed RETHYPNG366DCPD - --:
copol ynmer s obt ai ned in Exanples 16 and 17 were further purified and

t he resi dual alum num content in each polyner was reduced to

under 10 ppm After adding 0.5% by meh%ht of Irganox 20 1010 to each
copolyner, it was used for injection I lng at a resin tenperature
of 300[err]C, to obtain plates each with a thickness of 1.2 nm Both
panel s had very high transparency, and the light transmttances at
550 nm wavel ength and the haze val ues were, respectively, 92.1% 25
and 0. 8% (copol yner obtained in Exanple 16) and 91. 7% and 1.0%

(copol yner obtai ned in Exanple 17). Conpar ati ve Exanple 6

The et hyl ene- DCPD copol ynmer obtai ned in Conparative Exanpl e 5 was
hydr ogenat ed according to Exanple 16, to 30 obtain a hydrogenat ed

et hyl ene- DCPD copol yner with a hydr ogenation rate of over 99.9%
After further purification ingrhﬁ nﬁéganner as Exanple 18 until the
resi dual al um num content in the copol e under 100 ppm 0. 5% by
wei ght of Irganox 1010 was added and 35 i.nj ection nolding was carried
out at a resin tenperature of 300[err]C, to obtain plates each with a
t hi ckness of 1.2 100 _

MOLE FRACTION OF DCPD COMPONENT
OR NB COMPONENT IN POLYMER (%)

0 50 100
MOLE FRACTION OF DCPD OR NB (94)



WD 98/ 33830 _ PCT/ JP98/ 00366

- 81 - mm Unl i ke Exanple 18, these panels had | ow transparency
and consi derabl e haze. The light transmttance at 550 nm wavel engt h
and the haze value were, respectively, 74.7% and 18.3% 5 Exanpl e
19 A 500 ml stainless steel reaction vessel equipped W th

a stirrer wasWORBPYY with 200 g of toluene, 50 g of - BCPEPSWOB6 Ny of - -~

1- hexene and 780 ng of triisobutylal um num under a nitrogen

at nosphere. The 10 nitrogen outlet was closed under a nitrogen pressure
in the reaction systemof 1 atm After the tenperature was

set to 30[err]C, ethylene was introdu2d/into the reaction vessel
under an ethyl ene pressure of 1.5 kg/c %ﬁr] to mai ntain the partia
pressure of ethylene in the reaction 15 systemat a |level of 0.5
kg/cnferr]. Thereafter, 35 ng of
[(Cerr]Herr])[err]Cl[err][B(Cerr]Flerr])[err]] and 16 ng of

Et(Ind)[err]ZrC[err] were added to cause polynerization to be
initiated. During the pol ymeri zation, the partial pressure of
et hyl ene was mai ntai ned at 0.5 kg/cnferr] and the consunption rate
of 20 et hyl ene was nonitored by a flownreter nounted on the
appar at us. At 3 hours after the start of polynerization, a
smal | amount of isopropanol was added to terfmnate the reaction. The
reaction mxture was subjected to afTe} .1 treatment, in the sane nmanner
as Exanple 12, to yield 51.0 g of ¥he copol yner. The nol e
fraction of the DCPD conponent in the resul ting copol ynmer was 40% by
nol e, and the gl ass transition point was 141[err]C. The-DCPD
conversion was 78% 3614‘“E§TFﬁﬁFF6WTGF“FﬁqﬂﬁﬁTaﬂ“TarrqﬁtFT*ﬂor this
pol yneri zati on = reaqdtion Hased an Fig., 12 gilves 0 at Jjthe starting
poi nt of polyneriz&ion, 8.4 ati 60%)®CPD cdnsunpvlon add 1 -
5 | : ]
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6.2 at 70% DCPD consunpti on. A definite glass transition point
was f.ound through 35 DSC neasurenent, and the ATg was 11.1[err]C Al so,
si nce absolutely no crystalline nelting point was observed

WO 98/ 33830 PCT/ JP98/ 00366

- 82 - around 130[err] C corresponding to polyethylene, it was .,
confirned t haYOP¥IO0f t he copol yner produced contai ned - RCTIRIBABERY| ene -
or crystalline ethylene bl ocks. The Herr]/Herr] was estinated to be
0.03 by [err] HHNWVR, suggesting 5 t he absence of DCPD conponent |inkages
and the 1/4 x (I[err]/1[err]) was estimated to be 0.08, suggesting

t he negligible anount, if any,13§ the ethyl ene conponent

bl ocks which cause to form unfavorabl @ﬁystalline portion. The
reduced viscosity [err]/c nmeasured at 30[err]Cin 10 a 0.5 g/dl
concentration tol uene solution was 0.58 dl/g, whi ch was sufficiently
hi gh val ue. Exanpl e 20 A 500 mM stainless steel reaction
vessel equi pped with a stirrer was charged with 200 g of toluene, 33
g of 15 DCPD, 407 ng of 1-hexene and 780 ny of triisobutylal um num
under a nitrogen atnosphere. The ni trogen outlet was closed under a
nitrogen pressure in the reaction systemof 1 atm After the

t emper ature was set to 30[errF§; hy‘s§e was introduced into the
reaction | gg.

100 ! T T T
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o
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MOLE FRACTION OF DCPD COMPONENT

IN POLYMER (%)

MOLE FRACTION OF DCPD (9%%)



20 vessel under an ethylene pressure of 1.5 kg/cnferr] to mai nt ai n
the partial pressure of ethylene in the reactlon systemat a | evel of
0.5 kg/cnferr]. Thereafter, 38 ng of
[(C[err]H[err])[err]C][err][B(C[err]F[err])[err]] and 16 ng of.
Et(Ind)[err]zZrC[err] were added to cause polynerization to be

initiated. DY@ MP¥HWe 25 pol ynerization, the partial preBCSHIEP6E - - -

et hyl ene was mai ntai ned at 0.5 kg/cnferr] and the consunption rate of
et hyl ene was nonitored by a fl owneter nounted on the appar atus. Then,
17 g of DCPD was added while mai ntaining the ratio (Vferr]/Vierr]) of
the et hyl ene consunption 30 rate ( nole/mn) to the DCPD addition
rate (Verr], nol e/ mn) at 58/4Z. %his control was carried out by
observing the ethyl ene consunption rate with a fl owreter and feeding
back the resulting rate to the DCPD supplying apparatus. 35

At 102 mnutes after the start of polynerization, a smal | anount of
i sopropanol was added to term nate the WO 98/ 33830

PCT/ JP98/ 00366 - 83 - reaction.
The reaction m xture was subjected to after treatnment, in the sane
manner as Exanple 12, to yield 54.0 of the copolyner

The nol e fraction of the DCPD conp af2f 5 resul ti ng copol yner
was 42% by nol e, and the gl ass gj
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(1pPes) 1805217-§

_ 0 I.a‘r(».r, for this pol \' : T' CEMENTMTSon SG
based on*Fig. 12 gm _ MBDT starting ye : 533 Olpbpgsedr.b zmt hame]
8.4 at 60% DCPD ko s 1( 6. 2-al 70% [pCH
A definite glass]t}a gﬁpt‘d@%rt was fOund t hr oug
and 't he ATg was B. | i absolf ubeAbs
nel ti ng poi nt oorregﬁﬁﬁBFﬁaIpy pol ye
gethy:ene 15 ; - e ' was confirned Ly & P

copol ynmer produce contalned ooI et hyl ene_or. - -

bl ocks. The H err]/H err]2kedasSekhe '.Y _0_;%;55&5@55 YHERS, err]H—NNR
?u?ges}}ng t he absence of ; , RRORYCHBIONt he 1/4 X

I[err]/I err]) S _ES to be 20 0.02, suggesting the negligible
anount, i any,%—ﬁh%%—i[@l—egﬂgt hyl ene conponent bl ocks V\/mgch causg tg form
unf avor abl e . cr7keapréesenpoinventidneredatesd te scediefin-err]/c

measured at 30[ 0 ncent Lat LUt
b s o o i ErE1ooidr enleOp0) Shof B GRA' £8! b0 pri@elsTor_theifol LT 1 ON Vs

I gh
A 2 1 reaction E’é%@'é‘Ft%\ﬂﬁf chEPﬁGdSRFFPrfGSGl&YGf it relatttﬂsué"r?egpfg@%rb’f
DCPD, 0.50 g Ofcftch@éil‘éﬁlﬁnﬂoﬁoiyﬁeﬁg with ehhiangeddtlvalluriflabtendert ion

Atortnad T roE el aFiRcdnniveR: staussiany ai A SIS Mo 1o

be flowed into déeivedcstonctesadl unids:, rdoennhighedmwed of altepmatgion4 g

o LCerrlHery %&[S{Iémgfr EhBoEhelthf| 8rid )cberar lzdrd%la%é]fcﬂg Qleir

Et(Ind)[err]Zr err] were a to cause polymeriZation to be
initiated. Et hpredackionconHydregenated pi-ed&f inneyalpelefin qqaﬁiymﬁrs

vessel under nogiml,BHESEY RydPbgendtid® of these a-olefin-cycloolefin
15 copolymers as precursors have high optical uniformity and

CHr ::“.antpmmﬂ pq&d .....

hQ DrawingieiC; pasedius.

transparency, and are therefore suitable for applications
as optical disk substrates and other optical materials.
Background Art '
Plastics used for optical materials such as optical
20 disk substrates and optical lenses require a number of
properties, in addition to transparency, including.
optical isotropy (low birefringence), dimensional
stability, weather resistance and thermal stability.
Polycarbonates and polymethyl methacrylates have mainly
25 “been used for such optical uses in the past, but
: polycarbonates have disadvantages including a large
intrinsic birefringence and a tendency toward optical
anisotropy of the molded products, while polymethyl
methacrylates also have disadvantages such as poorxr
30 dimensional stability, due to their extremely high water
absorption, and 16w heat resistance.
) Presently, optical disk substrates employ
polycarbonates almost exclusively and, with the recent
progress in increased capaci%y magnetic optical disks
35 (MODs) and high recording density, as typified by the
development of digital video disks (DVDs), problems such
as the degree of the birefringence of polycarbonates and
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- 84- ‘pol yneri zation, the consunption rate of ethyl ene REELACEMENT SHEET

monitored by a flowreter nounted on the apparatus. At 1T WF

22.8.,1 of* et hyl ene was flowed into the vessel , a srrall mi)u t‘} %U

|sopropanol was added to 5 term nate the3reacti'on The__reac g §ure

- Was subjected to after treat rrent, I n the sane manner ‘as .

12, to yield 150 % of the copol yne The nole frac |on of the
4

DCPD conponent Palyfagclic °1F=‘és}l1}|5t:| Agdc doLpmiheres orsy @ highty—amaTme

glass 10 tr aaébhbfa'ican PE0%§5145EE‘%&V Examplile Q@Pi}scmwems rtwa:;was 83%
Estimation of thegﬁl ar F) for | S poI r|z o rreaction”

L oW
based on Fig. 18t §§eIB°§ 2 I‘n‘@ §e ssoftrﬁ‘&WPzatlon
and 4.1 at 60% Bel‘r‘ateoasunsp‘emormo C can be ohtdﬁ.fneld ﬂq draxreasiags ithieon

poi nt was ound throu ur t $8s Gyl rr]C. -
Al so, si nc,s‘fe 38? t&ﬂ% ‘ae ;?53?%1 %ﬁg nt%q‘% (p0| -[Iq‘was obgés[r
cor r espondi ng toompbytenlhyl[anéa aﬁ@bd:alﬂhetelatlyllem@crom01 C(ﬁmerﬁ:bl‘l(?dk- it

was conflrnedt th l+
3, R0 however s M0 RO AR P Wi Ehis

pol yet hyl ene or cr et Hyl ené The H err]/H err] was
estimated to- bePGOGl!Ct-‘-On PE?"F@Fr]’-ﬁ-IWR ddffderdityy i aqHSIIAg of DCPD

conponent . cheﬁ&@aqs h@ﬂﬂag@iﬁlﬂy‘ldf (ﬂ}{eelrrdllyhdaafr] )Invashee Stasentod rasthe
0.01, suggestin Ilglé_‘tﬂ[e am) td Iene

conponenttbl ock 5113 Fo H6 Wﬂfté’vc? aiﬁhee %"nmers N RN ne portion.
The reduced vi sdepenyll[r@r o/ cparametemaaﬁucéd ot 3¢ ecran}msntza:ro 1tg/qjland

concentration tg USRS trat ion’ Qiﬁite &) it pﬁéﬂg}o%ﬁ %ogyf ficiently

hi gh val u .6 g was
di ssol ved 30 tempmaugeofando|td@1@aualarﬁtam%atW¢ rﬁél%dmtlfson

30 ng of cobal t thehadeid WHMRMGE JIHAGRRiEHHL cﬂﬂﬂbo':é).l.tfmm ratio Qs
triisobutyl al um num were added. Thereafter, ;ﬁ/ﬂ; g nati on was

carried undé&hes neFRlddae soRadymer constagt #p TN | C for 2
hours. After hygregeesls.on,

Although a great number of ethylene-cyclic olefin
copolymers cbtained using ethylene as on o-olefin- have
been proposed, most of them are polymerized while keeping

20 a constant ethylene pressure during the polymerization
reaction and, since the composition ratio of the
monomers, as represented by the following chemical ratio:

[cyclic olefin]/[ethylene], '
decreases as polymerization progresses, the introduction

25 ratio of the cyclic olefin into the copolymer is
gradually reduced. This variation in the composition
ratio of the copolymer leads to fluctuations in the
polymer density, thus'increasing the proportion of light
scattering to result in lower transparency. In addition,

30 since the reactivity of ethylene is generally higher than
that of cyclic olefins, there is a tendency to produce
ethylene homopolymers, oligomers and copolymers including
partially crystalline ethylene blocks, which are also a
ééuse of lower transparency.

35 Methods aimed at overcoming these drawbacks include
one wherein the catalyst is modified to enhance the level
of alternation of the ethylene and cyclic olefin



35 the reaction m xture was added dropwi se wth stirring REPLAGENE%H‘QHEET
| arge quantity of nethanol rendered acrdrc mnth ' 98/ 33830

PCT/ JP98/ 00366 "+ - 85 - .'V.T.-Z‘I AU, )
“hydrochloric acid to produce precrpltate ~The- preci pi.-tlatje: was’ then

-col lected by filtration, washed successively with acetjane, nethanol

and water, and frnaIIy dried to yield 3.4 of the hya dated ;

. copol yner . Ir1Jdﬁﬁ%@ﬁ¢Fkﬁﬂmmm@®e5@t%ntsﬁghhlcﬁtgpg Nes. péaR§4122 andue to;

Ithe C=C doubl e fi0gwh44, tHEPHCEY zﬁ@H@QBﬁBH 85 hhgandidatd! ﬁibtn'oﬂﬁrCQBOIHé'mr f
‘at 6 5.54 and 5. 64 pnrmere conpl et el m ssin ggesting.that. more. ...

‘than 99.9% of t$eP d, utdB%b@%tﬁbxﬁswhﬁ§sﬁ9ﬂﬁﬁggﬁ§tdee“The spect rum

- showed 10 mul t i plpubtlheirlﬁru shapatéﬁaksroarouada@sSsoa,lsl:mser 47,
11.65, 1.8_ 2.0 and

[H t ted,t
0,038, i vl car 1 SRPaTgReFE RpeaInen: EFRl: FERVAFRR 8RY T hEfrcRoens; typl
§tricyclodecanermungmannﬁmmbmdlngdDéPDyhadedescrlbesomhaMeaﬂteEMatam@plyner
‘th bt ai ned s f I t Tg cof
10T err] C and [CRTTgISFEY éﬁt rpeereefl, " RolbdHT, bORoIINILeTRE )
" measured at 30[enhdmred bevel gfdalternatignceannati be Pblt@é@@d)s/ Syumisdmgnas

1 0.55 dl /g, whi Ct'Ehé‘Va:ﬁethod déé'éfiﬁé&n{:héérahﬁhaﬁé' HS specifieX@RanP1&2 20
- A 500 m _reaction vessel g e gm t ol yene, 20 g of
" DCPD and1800 ndp%ﬁc¥+??§o ﬁ?ﬁu beED ong the disclosed

norbornene-type nonomers.
Disclosure of the Invention

It is an object of the present invention to provide

a-olefin-cycloolefin copolymers with high chemical
15 homogeneity which are suited for optical uses, to provide
a process for their production.

As a result of diligent research on copolymerization
reactions between a-olefins and DCPD using Kaminsky
catalysts, the present inventors have found that the

20 reactivity of DCPD differs greatly in comparison to using
' conventional vanadium catalysts. That is, when a
Kaminsky catalyst is used, absolutely no DCPD homopolymer
is obtained, and upon copolymerization with ethylene the
DCPD component does not exceed 50% by mole in the
25 copolymer, regardless of how high'the composition ratio
of DCPD to ethylene. This indicates that virtually no
linking of the DCPD componenf occurs in the presence of a
Kaminsky catalyst. -
This is a surprising finding considering the
30 publicly known facf that linking of the NB components
occurs readily, based on evidence that when
polymerization of NB is carried out with Kaminsky
catalysts, as hitherto repoxted in numerous.publications,
homopolymers of NB are obtained [W. Kaminéky et al.,
35 Stud. Surf. Sci. Catal. 56, (Catal. Olefin Polym.), 425-
438 (1990)] and ethylene-NB copolymers are obtained with
NB component mole fractions exceeding 50% by mole [W.



REPLACEMENT SHEE

under a nitrogen atnosphere. The reaction vessel was " purg
ethylené. After the tenperature was set to 30[err] C, whil
ethylene to be flowed into the 25 . reaction vessel under nor Pé SSSW
and 28 ng of [(C[err]H[err])[err](j[erG]fB(C[err]F[err])[erﬁi“?“T“ﬁ
nmg of [err]Pr(Cp)(Flu)zrd 2 were added to cause poliyneri i
initiated. Ethylene was continued to be flowed into the
vessel under Kamipslkut 9F eLur Magxemel- tﬁEeEoPyH§¢F§E91®nSYFHEiSQ_: ,
consunption Hﬂegsﬁggt?y§9p? mas nDnltored by a flowreter: ' _mount ed-on
the apparatus. At the & Eé g i1 owed |nto the
vessel , a small anmount ?ﬁpresenttﬁﬁv%%?%¥§oﬁoﬂﬁgn ﬁﬁ? d°nTﬁ e88mpted -

sol uti on was chasabferistliice of tRCPDrandneatalystspheandnhavenfiennds 35
Exanple 12¢ to vy, C e of the
DCPD Conponent |¢ﬁ%¢1&ﬁ5h &%5%I§ﬁérs are producga ugyhs kéﬁfﬁégg

resul ti ng copol yatal¥gstawhble ntepingdtheccgnpesition ratinspfi thepBCRP

was 155[err] C.  pldyeokXFDi £ 0AVLESELIoNBSyd Bdh above ES&éﬂ@&iﬁnvaiuéhﬁlﬁﬁl ar

ratio (F) for this polynerization - “reaction n Flg Egﬁyes
10.3 at the starfS$RES t°pﬁhﬁt“b?l%5+9neFP?a%?8ﬁlaﬂ EGEP BHoR een
consunpti on. the a-o0léfiRftompenghtssandr 6h&éi DCPD compbnma fsund through

DSC t d the, AT 6.1 C. ALs | ut el
crystal iR mol tRg bt alEE Rrenittion SEPredbaiiing voofBRoB: hyi ne.
and/ or the ethyHammopﬁuymersnpoheqmmétscknd|blmak copblymedst hat none of

the CODO|X&§%uR dyce Q” f&fﬁ@ %YSEF B?ﬁnoéogé%gﬁékk'QEBh high

et hyl ene bl ocks erf]
[err]H-NI\/R suggdemigal h}éommetﬁf Dtpmeenbeﬂan@lso found that

~hydrogenated a-olefin-~-DCPD copolymers, obtainable by
15 addition of hydrogen to the aforementioned copolymers for
hydrogenation of the unsaturated double bonds, have
excellent optical uniformity and transparency making them
suitable for optical uses including optical disk
substrates, and the present invention has thus been
20 completed. |
In other words, the present invention provides an o-
olefin-cycloolefin copolymer with enhanced level of
alternation, which
(1) consists essentially of 0-39% by mole of an a-olefin
25 component represented by the following formula (A) |

30 1 ) (A)
R
wherein R' is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms,
- 35 and 61-100% by mole of a cycloolefin component

represented by the following formula (B)



| i nkages and the 1/4 x (I[err]/I[err]) was estimated to be 1 D
suggesting the negligible anount, if any, of the _ ethyl'ﬁgPLKGE@E@JtSHEET
bl ocks which cause to form unfavorable crystal line porti¢n.. The .. .. :
reduced viscosity [err]/c measured at930[err]Cin a ;0:%: /p-;_z,g;;gug 1?39
concentration tol uene solution was 0.48 dl/g, which wa$ gufficiently .
hi gh 20 val ue. The pol yner solution after tHe $amimgwes—
transferred to an autoclave, and 107/ ng of cobgplt tridgetyl acétonate
. [ Co(acac) 3] and 300 ng of t r "Hsobut yl al i num wer e added.  Thereafter, :
25 hydr ogenati on was carried out junder hyflr ogen pressure of 27
~atms at O[err]C for 2 hours. After'hy IH enation, t he..reacti ofPd "
m xture s added dropwi se with stirring? into a large quantity of
met hanol rendered acidic with hydrochforic acid to produce
precipitate. The 30 precipitate was then collected by filtration, washed
- successively with acetone, nethanol and water, and finally dried to
~yield 18.5 g ofwheheilydy digerem eihteger ofodpe8yner. In the [err] HNWR
spectru hown _j. [ Reaks ; e t C= o] e ngyk ARt he
DCPD co?rip?;nent VJcaT Ht:hcgm}s%ou star’fﬁ*n?%o% E/érg'r le[eﬁ:? §Hg4[§2dm§hg2 ppm
“were conpl et el yFepresentyithg fplaxy RREFERES t Pht ther eethartiveoysBeathBIC=C
WO 98/33830  ynits (a), (B), (C) and (D) being in raR§ésJEH8n0EREE
: 87 ([A] + [B])/([C] + [D]) = 95-99.9/0.1-5, [A}]/[B] = O-
39/61-100 and {D]/([C] = 0-95/5-100, and

15 (2) has a reduced viscosity 1,,/c which is in a range of

0.1-10 dl/g as measured in a 0.5 g/dl concentration
toluene solution at 30°C (hereunder sometimes referred to
as copolymer (Y)).
In other words, the above-mentioned copolymer
20 according to the invention includes copolymers which
consist of repeating units (B) and (C) whose composition
ratios are in ranges such that [B]/{C] = 95-99.9/0.1-5.
The above-mentioned copolymer according to the
invention also includes copolymers which consist of
25 repeating units (B), (C) and (D) whose composition ratios
are in ranges such that [B]/([C] + [D]) = 95-99.9/0.1-5
and [D]/[C] = 1-95/5-99.
The above-mentioned copolymer according to the
invention also includes copolymers which consist of
30 repeating units (A), (B) and (C) whose composition ratios
are in ranges such that ([A] + [B])/[C] = 95-99.9/0.1-5
and [A]/[B] =1-39/61-99
The above-mentioned copolymer according to the
invention further includes copolymers which consist of
35 repeating units (A), (B), (C) and (D) whose composition
ratios are in ranges such that ([ii + [B])/([C] + [D]) =
95-99.9/0.1-5, [A]/[B] = '1-39/61-99 . and [D]/[C] = 1-95/5-
99.

- The present invention still further provides
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doubl e bonds was hydrogenated. The spectrum showed mul tfi [

sharp peaks around [err] 1.07, 1.3, 1.47, - 1.65, 1.8, 2. 0 and p
H[err]/H[err] was estimated to be 0.031, indicating: i rh@ éﬁﬁoﬁm
alternation with 5 respect to the tri eyc3|7od-ecane ring co a 1

et hyl ene conponent. The copol yner thus obtained showed |a defl.ntl te ’
glass transition point Tg of 149[err]C and [err]Tg of 9.2 ez ]
reduced vi scosi tcyfp[féﬁ menoReB ur el k@WLRR er¥] CERFOSNES di’[“ﬂ feaction 1 |

concentration t%&@%é@i&tépmm %, %héh/ Ghe"\@ké apaelﬁg "SndsBEr Esgent y
hi gh val ue. anpl e stalnlessi Steel reaction

vessel was char ng°1Ymerv9fQ hthe g &quﬁﬂfene r1280dgTpfCaEli® and 3747’ of
triisobutylal umqJuygp %ﬁr%%ﬁm&iﬁaﬁbﬁ d6mpos Pt 16R%EAL0HY | et

was cl osed under a_ni rogen pressure the reactlon syst.em of

1
atom Afteb the andyrpegificably r, andsg, age38pehr Felcplpirdnfreasthe
| ntroduced into figpd 86 I Ofle Lines FESELedNESE FY ©ldid anapree Wi of 2.0

kg/cnferr] to mai ntarn the partial pressure of ethylene in the
reaction 20 stheim ntercentes b‘f‘eilh@dk@fcﬁfé?ﬁfnn‘ﬁﬂﬁéafter 225 gy of

H
%g?%g;ELlL?E{%}%err](aiﬁifiﬁéxéﬁféré&i@éﬁi)f@rébbo!@ﬁeﬁﬂﬂ&ﬁlaﬁdo£2&-g of

t
anounts to causé’%%’yﬁ’ﬁér?&%tpgﬁ Orﬂ}‘l?ﬁ?a’\é\é’?e 118 \%ﬁ%gﬁewqmﬁ%rﬁz gﬁal
partial pregssur etlQé &LEVE£DR . Wass Ahent iGReAt aboed, athé. Prkgént] énvenaodst he

consunption rat b
Sonsumton 25,8l cauna bt IS REERLT b B apbbBAEE SR80,
“the ratio (V[errﬂ;t&ﬂmec}l)wbthtbepeljmy(éemeatmnnuaﬁt eenlefins aatdeDC¥Perr],

nmole/mn) to the ge)](d:fgu?grgihgﬂg Eg{glggps BOTRe h %@/ B Mg A hdGdPomed Ni S

control was carr? rvIn yl efie consunption rate
with a fl owret erreactlvatuzl f:etadongobathetheOleﬁmnt ang ratis tiohe mromuper

suppl at 173 h

ol yor | 245 on agRuReR EE 52518 eGr HhBR, "k Chay Be]egblndd, that g, = 0,
reactlon vessel ,sa shat| erppessioh (KEIjomayi be simplifdeds&epltbe. The
sanpl ed sol uti O”f%foéfﬁbegksgeégiékt tkrrz).

f = F/(F + 1,) (XIII)

The value of r, differs depending on the

20 . polymerization conditions, particularly the type of
metallocene used. Metallocenes may be largely classified
into those with C, symmetry (mirror symmetry) and those
with C, symmetry with respect to the ligands R** and R
and the central metal M which links them in general

25 formula (V).

Fig. 13 shows the copolymerization Eomposition curve
for copolymerization of ethylene and DCPD using a typical
metallocene with C, symmetry, isopropylidene-(9-
fluorenyl) (cyclopentadienyl) zirconium dichloride and

30 typical metallocenes with C, symmetry, ethylene-bis(1-
indenyl) zirconium dichloride and dimethylsilylene-bis(1-

- indenyl) zirconium dichloride.

Because almost no DCPD component linkage occurs,
however large the value of F (=[DCPD]/[ethylene]}) may be,

35 the mole fraction of the DCPD component in the copolymer




- 88 - treatnment, in the sanme manner as Exanple 17REP'€AQEMENTtSHZEET
copol yner . The nole fraction of the DCPD conpopept in the |
resul,ting copol ymer was 42% by nole, and the glass 5 tfaps tq (mj(p -
was 148[err]C. The DCPD conversion was 7“0%3 - Est i réra?;i‘-{?_nn of the rml
ratio (F) for this polynerization reacti on based onfFFg—t2—Ti vES, B 6
at the starting point of polynerization and 4.1 at BowDCRDY &% : |

consunption.  the method d&f snppdyingsmonpmesst odn thel MeaHsLaT '(T:'t hr 6ugh

10 DSC masu&@ﬁ'&ﬂffoﬁﬂd ieemé\}gbwa&eiéh%al Gn g@n‘iﬁsals IWi%hin the
absol utely no cryst Ine nmelting point was observed correspondi.ng- to

pol yet hyl ene anﬁ?‘%ﬁetﬂé gphyhdgher than.g8g§qnereisrahdy FO%R I | 1 ned
t hat none of thgreferabmypgsgmar IR oftdeed too Madintad npdhe tivnayenaity of

0 gs By kel kKR CadoB8img And Thbence aRh ORI B6RD7

- linkages and thetlid geﬁéi:alﬂ.jy/ pireferpblas tes tliowshe dhe fressure @f 00,
. suggesting the gﬁg of the ethyl ene conponent bl ocks whi ch cause
. to formunfavora cry Vstalline 20 portion. The reduced viscosity
[err]/c measured at Bd)gerilFCShﬁ’WS the godubididiiesnmicmthuiene (i jdir

- solution was 0.gBe@biged solve\ml ¢B10enesS Winld Giredeb Rty dnsuld also
. The pol yner solution after he sarﬂ)’l i Nng was transferred to_ an

~aut ocl avé0 and Beocgnst EGSQI g selvent.,c AR R LNGTRT WA

zﬁ érg gLatlon m:ghyszﬁggkgb?ﬂmﬁumnmmﬁfipﬁﬁymefmuﬁﬁfﬁnexeactlon system

1%O[e?r] C for 3% ﬁoﬁ%er}&r‘%g‘ H%%%&‘e‘%‘ %‘glﬁ%q%rgﬁf%gﬁé%%tb%%ﬁhé ul?%ﬁﬁwagt

~added dropwi se wbhbestiratiog it the rwodwenearayel Ricgnd i 19, dputrel hake/l cm’

~rendered acidic mn& ower, preferably 5 kg/cnl ‘or lower, and more

15 preferably 2 kg/cnf or lower may be desirable. It is not
preferred for the ethylene pressure to exceed 10 kg/cnﬁ,
as this will complicate efforts to maintain F within the
range of the invention. However, it is not preferred for
the ethylene pressure to be too low, as the reaction rate

20 will be slowed and F will be too high; thus, a value of
at least 0.1 kg(cmz, especially at least 0.25 kg/cmz is
preferred. It is more preferable for the polymerization
to be carried out in a range of from 0.5 to 1 atmosphere,

, from the standpoint of the reaction rate and the range

25 for F.

Regarding the method used for introducing DCPD into
the reaction system, it is usually desirable from an
industrial standpoint for the addition to be made at a
constant rate. The rate of introduction may be

30 determined based on the polymerization activity and
reactivity of the catalyst used, the amount of solvent
and the initial DCPD concentration, but it is preferably
107

present in the reaction system at the start of

to 10"1annllmip where-a mol is defined as the DCPD

35 polymerization.
If the introduction rate is slower than 107
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hydrochl oric acid to produce precipitate. The precipitat THen™™
col lected by filtration, washed successively wth acet gn:

and water. and flnally dried to yield 305 g of the hydgo egW? Q 3 1ka
copolyner. In the [err] H NVR spectrum show#4i r Fig. 8, peakg-L '. *ﬁ

t he C=C doubl e bond in the DCPD conponent of the - IW,98/.33830
PCT/ JP98/ 00366

copol yner at 6 8 WLARR 5l ey hegone JhEficuly to l%ee% ng’ﬁbhlgutS%stl ng
that nore than 9arge chsfti:nee Gfrention doubf ethenilstnedubyflongeateefls The

- spectrum shovved | t but h 0.

Py U SOl faster Tngh el popiiing, ?err]bzf‘gﬁa’?r %\%Qg Bapebr tnd
0. 024, indicati rpcyD ghay exxteed aheermaelmh whithr pepemerizationo t he
1,076 Ddocen A, GERPOTE e AUy GBBcrrs b FEEGREk cTyCoRgERLIT™
143[err] C and;anmﬁe§ﬁﬁm@r¢¥Cthqh@19E01°P¢%Hﬁ€éﬁn9rsc03|ty [err]/c

measured at 30[err] C aRoehér ﬁééérred meﬁﬁeﬁeﬂbfalheﬂoﬂﬁbh!ﬁ ethel ptbpn was

0.53 dl /g, which was ufficient h val ve. [ia
Applicability into the ‘A\%ESFH?HQSY%t¥‘He gr‘é‘a‘%ni‘nl Kodah Bh #8%9 pBssi bl e
to 15 obt ai n {werddetedi inDeFaaneD! yeﬁréspohalhggboathernatengf

copolyner&aatlon agdlgﬁghcgggﬂkﬁgkoﬂ9nngﬁgelBXSu %§On rate for ethylene

kept at a constant pressure during polymerization can be

easily monitored with a gas flowmeter or the like. Thus,
F can be precisely controlled in accordance with the
consumption rate of ethylene; for example, by increasing

15 the DCPD introduction rate when the reaction rate is high
at the early stage of polymerization and minimizing the
DCPD introduction rate when the reaction rate has fallen
toward later stage of polymerization.

Since the viscosity of the reaction solution

20 increases as polymerization proceeds, it is preferred to
effect sufficient agitation so that the ethylene in the
solution is evenly dispersed. For example, if sufficient
agitation is not carried out in conditions of high
viscosity, such as a solution viscosity exceeding 500

25 cps, irregularity will occur in the ethylene
distribution, and this can result in lowering of the
chemicalghomogeneity of the copolymer.

According to the invention, the DCPD concentration

in the solvent at the start of polymerization is

30 generally 5 to 70% by weight, preferably 7 to 50% by
weight and more preferably 10 to 30% by weight. It is
not desirable for the DCPD concentration to be less than
5% hy weight, as this may render it difficult to keep F
within the range of the invention, and reduce the 7

35 - economic feasibility. A concentration of greater than
70% by weight is also undesirable, as the viscosity of



]
| | EPLACEMENT SHEE
hydr ogenated [err]-ol efi n- DCPD copol yners obt ai ned by [
of these [err]-olefin-DCPD copol yners as precursors P
Eunlformty and high 20 transparency, and are therefore L
~applications as optical disk substrat’s -and ot her 0|c Al aterioaksd
According to the invention, there may be provided cyclic |: i ol efln

558F§L§2F[§ irg}* E%gé? é)éléﬁ% ursafgsﬁgé%%gguaas extreﬁET?"EY%h %nd a.
?PCT/JP98/00366uniEbrm molded product could not be achieve@.Al V5
1. An [err]- é%lrkf%yiﬁglefln copol yner whi ch (1) consists <7

essentially of le of an [err]-olefin conponent
represented by the f@polymerizatidn vAy carried oug in the same manner

err] s “EXEab T Fﬁer%icégtatﬂxéwg?n 3b2M5eethyidlidhaled aliphatic
ydrocarbon group 16 carbon 0% by nole of a
cycl ool ef i n corff¥fRe¥nane corresponding to 5% by mole of DCPD was

charged in addition to the 60 g of DCPD in Example 3, and

this yielded 55.8 g of the copolymer.

| The mole fraction of the DCPD component and 5-

10 ethylidene-2-norbornane component in the resulting
copolymer were 43% by mole and 3% by mole, respectively,
and the glass transition point was 170°C. The DCPD
conversion was therefore 70%. Assuming the solubility of

ethylidene in 5-ethylene-2-norbornane to be about the same

15 as in DCPD,_the molar ratio (F) is estimated to be 10.7
at the starting point of polymerization and 32.7 at the
end point. A definite glass transition point was
exhibited with DSC measurement, and since absolutely no
crystalline melting point was observed corresponding to

20 polyethylene, it was confirmed that none of the copolymer
produced contained polyethylene or partial crystalline
ethylene blocks. The reduced viscosity n,/c was 0.44
dl/g, which was a sufficiently high value.

Example 12

25 " Copolymerization of ethylene and DCPD was carried
out, in the following manner, using iPr(Cp)(Flu)ZrClz as
the metallocene and trityl;tetrakis(pentafluorophenyl)
borate (hereunder abbreviated to [(Cgﬁ)3C]f[B(CJ%)4]') as
a promoter catalyst.

30 After setting a bladed stirring rod in a 500 ml
volume 3-necked flask and purging the container with
nitrogen gas, 170 ml of toluene, 30 g of DCPD and 2.3 ml
of triisobutylaluminum (1 M concéntration n-hexane
solution) were charged into the container.

35 After then raising the temperature to 40°C, the
container interior was adequately substituted with



(B).
aliphatic

(2) has a reduced viscosity [err]/c in the Y&nge of O.1- ‘_;LO”E s
as neasured in a 0.5 g/dl toluene sol ution at 30[err]C

An [err]-ol efin-¢ Ioolefln co oI 3 L
essentially of f kae&(CGHS)3C] [B@%,ﬂéfm ’1%%%“9 :
(B * kCPE@FiﬁQZr011 we¥e added and polymérizatidn was

formulas (A,
40

(A)

aliphatic

10

15

20

25

30

35

15 répresented by the follow ng formula (B) ' 20
‘ 25

wherein R is a hydrogen atom
hydr ocar bon group of 1-16 carbon atons}- pnd .-,

initi %%e(rﬂ% | sl%n?%rro en aé?%la Saturat egl A
continuously supplied to maintain an ethylene pressure of
1 atmosphere in the container, while new DCPD was
continuously added dropwise into the container at a rate
of 0.5 g/min.

At one hour after the start of polymerization, a
small amount of isopropanol was added to terminate the
reaction. The total amount of DCPD added to the
container after the start of polymerization was 30 g.

The reaction mixture was added dropwise with stirring
into a large quantity of methanol rendered acidic with
hydrochloric acid to produce a precipitate. The
precipitate was collected by filtration, washed
successively with acetone, methanol and water and finally
dried to yield 59.1 g of the copolymer.

The mole fraction of the DCPD component in the
resulting copolymer was 42% by mole, and the glass
transition point was 157°C. The DCPD conversion was
therefore 76%. Estimation of the molar ratio (F) for
this polymerization reaction based on Fig. 12 gives 10.2
at the starting point of polymerization and 4.2 at the
end point.

A definite glass transition point was exhibited with
DSC measurement, and the ATg, indicating the temperature
difference between the falling point and the rising point
of the curve, was 8.9°C. Also, since absolutely no
crystalline melting point was observed corresponding to
polyethylene, it was confirmed that none of the copolymer
produced contained polyethylene or partially crystalline
ethylene blocks. The reduced viscosity n,,/c measured at
30°C in a 0.5 g/dl concentration toluene solution was
0.52 dl/g, which was a sufficiently high value.

Example 13
Copolymerlzatlon of ethylene and DCPD was carried



5 - (B) RE(ELACEMENT SHEET
wherein: Rl err] is a hydrogen atomor a saturated aliphatic . | -.h'y,'__rq,a""r"btm‘-
group.of 1-16 carbon atons, 15 [err] wher:¢i:f) " q

1; mis O or a positive integer of 1-3; 38 84-4s 0 or 1; an err] p??
are the sane or different and each represents a hydrogefi atem~e .

hal ogen atom an aromatic hydr ocar bon group of 6-10 car pon atons or ‘a‘

saturated or POlNmQR A IQN al tith2oRsWRE beRr 58kegPEuptBY [E0¥ WERT Do
atonms, or RerrmoHikddedd 'y & HwmdtePdnbhrted aaythegapbafaﬁaém ant35

SRAEEGE AN A G BT R g TR
may contain at |vessHelone small amount of 1sopropanol was added to
5 terminate the reaction. The reaction mixture was
subjécted to after treatment, in the same manner as
Example 12, to yield 150 g of the copolymer.
The mole fraction of the DCPD component in the
resulting copolymer was 45% by mole, and the glass
10 transition point was 145°C. The DCPD conversion was 83%.
Estimation of the molar ratio (F) for this polymerization
reaction based on Fig. 12 gives 10.3 at the starting
point of polymerization and 4.1 at 60% DCPD consumption.
A definite glass transition point was found through
15 DSC measurement, and the ATg was 6.1°C. Also,-sinée
absolutely no crystalline melting point was observed
corresponding to polyethylene and/or the ethylene
component block, it was confirmed that none of the
copolymer produced contained polyethylene or crystalline
20 ethylene blocks. The H, g5/H; s Was estimated to be 0.04
by'lH-NMR, suggesting the absence of DCPD component
linkages and the 1/4 x (I,3/1;,.) was estimated to be
| 0.01, suggesting the negligible amount, if any, of the
ethylene component blocks which cause to form unfavorable
25 crystalline portion. The reduced viscosity n,/c
measured at 30°C in a 0.5 g/dl concentration toluene
solution was 0.59 dl/g, which was sufficiently high
value. _ '
The resulting polymer weighing 3.6 g was dissolved
30 in 20.4 g of toluene in an autoclave. To the solution,
30 mg of cobalt triacetylacetonate .- [Co(acac);] and 50 mg
of triisobutylaluminum were added. Thereafter,
hydrpgenation was carried out under a hydrogen pressure-
of 20 atms at 130°C for 2 hours. After hydrogenation,
35 the reaction mixture was added dropwise with stirring
into a large quantity of methanol rendered acidic with
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e )

doubl e bond or be an aromatic ring, 40

(D ' err 45 mhereln IS an I nt eger of ; 4-§
WO 98/ 33830 erel . 1 k PCT/ % ;ﬁ?o&seﬁ’ﬁ 499&'5‘
- 92 - with conposition ratios of~[R]5, -[B], [C ang{fDl_ihich ™
represent the nolar percents of the respectlve repeating cpRi b8y (A, 3 ;
(B), (© and (D)_bei i n ranges such % Al L D) o
95-99. 9/ 0. 1- 5, r/ﬂs/"[]gfmg §=°P Y‘“e’éé'i%ﬁ 1o %‘ﬁcf“?&l[‘al g* 63155 00; - AT
(2) has a reducerranissidugin ypg ot [was WBEIC| s The { PEPPangaversion was073%10 |

di/g as measur e%éﬁn?a&%%f“tﬁé’l ) OQF%“ for tﬁis 3S¢E%Ja£|.zat1.on T

3. An [err]-olefin-cyc efin copo yner acc claim1,
wher ei n subst antheagtion hassd 25 Fiao| B2 tgives 1 ngl?Fth%fsE?BE+9€thylene

an/ orA eE hy| ]enelgﬁiflrﬁxp@mt d)i;a\]génzau?m Saﬁ’d)sﬁfl/edatl 60% hBCElSQ:@nIsmptheneof
. n err olerin-cy errn 0 ner accor n
wherein the ATg, i ndlzhéf‘?rﬁ’g“%tf‘% ‘J)g?'%% %/(‘f gitlon pSfnt Swas found EhHbigh

DSC measurement, and the ATg was 6.1°C. Also, since

oy

absolutely no crystalline melting point was observed
corresponding to polyethylene and/or the ethylene

10 component block, it was confirmed that none of the
copolymer produced contained polyethylene or crystalline
ethylene blocks. The H; s5/H; s was estimated to be 0.03
by'lH-NMR, suggesting the absence of DCPD component
linkages and the 1/4 x (I,3/I3,) was estimated to be

15 '0.01, suggesting the negligible amount, if any, of the
ethylene component blocks which cause to form unfavorable
crystalline portion. The reduced viscosity 1./c
measured at 30°C in a 0.5 g/dl concentration toluene
solution was 0.48 dl/g, which was sufficiently high

20 value. | '

" The polymer solution after the sampling was
transferred to an autoclave, and 107 mg of cobalt
triacetylacetonate [Co(acac)s;] and 300 mg of
triisobutylaluminum were added. Thereafter,

25 hydrogenation was carried out under a hydrogen pressure
of 27 atms at 130°C for 2 hours. After hydrogenation,
the.reaction mixture was added dropwise with stirring
into a large quantity of methanol rendered acidic with
hydrochloric acid to produce precipitate. The

30 precipitate was then collected by filtration, washed
successively with acetone, methanol and water, and
finally dried to yield 18.5 g of the hydrogenated
copolymer. In the 'H-NMR spectrum shown in Fig. 7, peaks
due to the C=C double bond in the DCPD component of the

35 starting copolymer at § 5.54 and 5.64 ppm were completely
missing, suggesting that more than 99.9% of the C=C



!
1

REPLACEMENT SHEET

15 di fference between the falling point and the rising 1t

the DSC curve thereof, is not higher.than:15[err]C R PN . Ll NOSY B
[err]-ol efin-cyclool efin copol ymer according to cl aifm 1?%5%‘5359@%
glass transition tenperature (Tg: [€r88 @ thereof satilsfies the " |
fol | owi ng expression: 20 -22.7 + 2.84 nferr] + 0/0262 nf-errl: <19 | i
< -2.7 + 2.84 merr] + _ 0.0262 nferr] whereia—derr = | i
denotes the nolereatmentbn in)the samecpapper as Exgmpden l2onpénadelidathee |
pol ymer and is &g Jgi?méf,e range of from38%to 50% 25 and the ;
[err]-olefin is ethyl ene ol efin-cyclooglefin

. . 6. A -
copol ymer accordi ng’ Tpe mole fragfien quFBFEDg(%F);kPB‘PPHFéW PPHEEYE ) of
the intensity resultihgreppobimehewasl H2¢ by fede], Andd thendlastshe
i ntensit H3. 0 oy s Of rr 0 ' .
spectr umyééler eo?l):%BSltl?{s? Ré?ﬁﬁgr%ggt Eggkg.'lé?ﬁgngcgyg i glrvﬁe;}:_%&Bg H?%l- EM%
et hyl ene. Estimatjyon ofinthermplareragioyFioen thisp@olymerigadiidimg

to clai m lea0bebRi Badbd 8h Rifat 19 GhkeS' bkl 8t lohePfstddi® iRRAoint
area (l[err]) at [err] 1.32 m assi gnabl.e”to _a_pol yethyl ene and/ or
et hyl ene conpon@ht PBL¥ERTL3 gi"@npéﬁ 4rdaat pOR PF¥§5°°nSé’th[tét°r’]' 3.05 ppm

in the [err] H NVR spacieginiber gohsks tt@hsi®ion point hais Edind aid-ddgh
[err]-olgfln |s§{:h | ene. 30 -93 -

A proQess P %?BﬁHEFﬂﬁnEﬂ apd, Fhe, ATE; Wagy 43081 -ef A S%ofdiffifer |
conpri sing copoapseliuteby ao argbthillinke fedtimor @odarthoasatobsenvdd _
di cycl opent adi e ' senc y fhSJ : st one
nmet al | ocene of %Féﬁsbﬁgdgéﬁt r%gl Sﬁg&gféh&?egh ghﬁg%@ghr%c% %ééfeahaf ni-um
and at | east component block, it was confirmed that none of the

- copolymer produced contained polyethylene or crystalline

15 ethylene blocks. The H, g/H; s was estimated to be 0.03
by‘lH-NMR, suggesting the absence of DCPD component
linkages and the 1/4 x (I,3/I,,) was estimated to be
0.00, suggesting the absence of the ethylene component
blocks which cause to form unfavorable crystalline

20 portion. The reduced viscosity 7,,/c measured at 30°C in
a 0.5 g/dl concentration toluene solution was 0.56 dl/g,
which was sufficiently high value.

The polymer solution after the sampling was
transferred to an autoclave, and 3.0 g of cobalt

25 triacetylacetonate[Co(acac);] and 5.1 g of
triisobutylaluminum were added. Thereafter,
hydrogenation was carried out under a hydrogen pressure
of 45 atms at 130°C for 3 hours. After hydrogenation,
the reaction mixture was added dropwise with stirring

30 into a large quantity of methanol rendered acidic with
hydrochloric acid to produce precipitate. The
precipitate was then collected by filtration, washed
successively with acetone, methanol and water, and
finally dried to yield 305 g of the hydrogenated

35 copolymer. In the 'H-NMR spectrum shown in Fig. 8, peaks
due to the C=C double bond in the DCPD component of the



one pronoter catalyst, while maintaining a nmole ratio (F) o

in.the rea in a range which satisfies the fphjalaig =2
expr essi on ﬂll", "ﬂ"l“ﬂlm ﬂnl cycl opent adi ene%/ [[err]-ol efinjf=f 4 1% by
during the perfodifromsthe start of polymer?¥ation until the

of the dicyclopentadiene added to the polyneriz#ti

S |

system reaches 60% wherein said [err]- olefin- cycl ool ef i ¢
a reduced viscosity [err]/Cwhich is in a range of 0.1-10 ¢

copolyners nas
L A5 easiifed

o s meadimns s e,

in a 0.5g/dl toluene solution at 30[err]C 9. A proeess_ for

produci ng an a-ol efin-cycl ool ef i sing copol ymerizing an
a-olefin 2 or nore carbon at {opept adi ene in the presence
of a catal’yst conprising at |eapt o e met enegl of which the central
metal is titanium zirconium or | east one pronoter cata st
while maintaining a nole ratio (F= [dlcyclope tadiene])/[[err]-olefin]) of
the nononers in the reaction system wthi ange whi ch satisfies the

fol | owi nggexpression (I1) 38/62 < F + r[err]) < 48/ 52 wherein
r[err] denotes a nononer reactivity ratio of a-olefin relative to the DCPD,
during the period fromtphe, star rization uptil the cqonyersion of
the A cye! opent HHPERETMRICHE 15 BYRoSRy AEPDLPF o PRELFRERISgILBRAFIRChes
60% wherei n shiydrbeairbodl girbapcyEl o6l icartepolaponss, has a reduced
viscosity [err]/C which is in a range of 0.1-10 dl/g as neasured in a

0. 5g/ dl tfg uene solution at 30[err]C.

20 R
R (C)
22
25
wherein n is 0 or 1; m is 0 or a positive integer of 1-3;
30 p is 0 or 1; and R’-R*?? are the same or different and each
represents a hydrogen atom, a halogen atom, an aromatic
hydrocarbon group of 6-10 carbon atoms or a saturated or
unsaturated aliphatic hydrocérbon grdup of 1-12 carbon
atoms, or R” and R* or R* and R® may together form an
35 alkylidene group, or RY or R and R* or R* may form,
together with the two carbon atoms to which they bond, a
ring which may contain at least one
double bond or be an aromatic ring,
40
\_ 7/ (D)
( CHZ)
45 d

wherein g is an integer of 2-8,
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10. The process of claim8 or 9, wherein said [grr[-orerin- 175
et hyJﬂlmuﬂ process of claim8 or 9, wherein the derjtr t
of t , ,I"ﬂﬂ,mwm zirconium and the pronoter catalyst ig 4l L?nk'ngyg gng
The pr 6cels bf tlaim8 or 9, wherein the central mat al jofl-td¥e

netallocene IS Z|rcon|un1and t he pronDt83 Catalyst ‘is an ionic boron
conpound. rocess TTe

f O e :
nol e ration (F) of t ﬁ(?ﬁ&'ﬁ?rs Pﬁctﬁ %‘éﬁﬁ?ﬁ?orf"%y 'gﬁﬁefrslq_nc Clroanlgé:glvﬂ"li ch
satisfi esnéatggf §§|géxon Q:g)m grls(llnlg) OFQ%&}/&Q?J.E@H eracﬁo'&—Qﬁéﬂeh of 2 orx

di cycl opent adde t he tiron reaction systemreaches 70%
14. The pmmmsc@fbchaaﬁoﬁsomﬁh mmwhpMadmltge oin thedpmrsmme reffi o

(F) is F > a-ol efin-cycl ool efi WhIC 1
Consi sts ALAEALYPY GPTBr4GRE, AoleTH HAS.BF R hoSeBAp et by it el
by the foldgwi At fpeedt ai 4 AL SE&hium, zirconium or hafnium and at least

one promoter catalyst, while maintaining a mole ratio (F) of

the monomers in the reaction system within a range which
satisfieé the following expréssion (1)

F = [dicyclopentadiene]/[a-olefin] > 4 (I)
during the period from the start of polymerization until the
conversion of the dicyclopentadiene added to the

polymerization reaction system reaches 60%, wherein said o-

olefin-cycloolefin copolymers has a reduced viscosity mep/C
which is in a range of 0.1-10 dl/g as measured in a 0.5g/dl

toluene solution at 30°C.
9. A process for producing an a-olefin-cycloolefin

copolymer comprising copolymerizing an d-olefin of 2 or more
carbon atoms with dicyclopentadiene in the presence of a
catalyst comprising at least one metallocene of which the
central metal is titanium, zirconium or hafnium and at least
one promoter catalyst, while maintaining a mole ratio
(F=[dicyclopentadiene] ) / [o.-olefin]) of the monomers in the
reaction system within a range which satisfies the following
expression (II)

38/62 < F/(F + ro) < 48/52

wherein r, denotes a monomer reactivity ratio of a-olefin
relative to the DCPD, during the period from the start of
polymerization until the conversion of the dicyclopentadiene
added to the polymerization reaction system reaches 60%,

wherein said a-olefin-cycloolefin copolymers has a reduced

viscosity mep/C which is in a range of 0.1-10 dl/g as

measured in a 0.5g/dl toluene solution at 30°C.
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-95 - “wherein RI is a hydrogen atomor a saturated. aliphati
group of and 61-100% by nmole of a cycl goljef,i n
representlm“mmmmﬂummﬁng formula (B[err]) f2 ['1 ﬁﬁﬁﬂgﬁ

[err] YWefein R2 is a hydrogen atom or a satur t
hydrocar bon group of 1-16 carbon atons; %t‘hd’ (2) has a regfluced viscosity

[err]/Cin a range of ,0.1-10 dl/ S neas
sol ution at 30[3%r]¢%he procsss %ﬁﬁ fﬁ cytloo% ?ln acopolymeF1
whi ch (llis e@hy1€ne.essentially of repeatl ng units represented by the

11. The process of claim 8 or 9, wherein the central
metal of the metallocene is zirconium and the promoter
catalyst is aluminoxane.

12. The process of claim 8 or 9,'wherein the central
matal of the metallocene is zirconium and the promoter
catalyst is an ionic boron compound.

13. The process of claim 8 or 9, characterized in that
the mole ration (F) of the monomers in the reaction system
is in a range which satisfies expression (I) or (II) until
the conversion of the dicyclopentadiene added to the
polymerization reaction system reaches 70%.

14. The process of claim 8 or 9, wherein the range of

said monomer ratio (F) is F > 5.5.
15. An a-olefin-cycloolefin copolymer which (1)

consists essentially of 0-39% by mole of an oa-olefin

component represented by the following formula (Ax).

M (Ag)
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(AH) M! ‘@ Uj”;k' s a hydrogen atom or a saturatedtalfi phatic
hydr ocarx 6 carbon at ons, _ [drd] 2 4 AUG 1993

- 95 -

wherein R' is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms, and 61-100% by mole

of a cycloolefin component represented by the following
formula (Bgy)

. | (Bx)

Wherein R? is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms, and. (2) has a
reduced viscosity mMe/C in a range of 0.1-10 dl/g as measured
in a 0.5g/dl toluene solution at 30°C.

16. An oa-olefin-cycloolefin copolymer  which (1)

consists essentially of repeating units represented by the

following formulas (Ay), (Bx), (Cu)and(Dy) :

M (2g)

Wherein R is a hydrogen atom or a saturated aliphatic

hydrocarbon group of 1-16 carbon atoms,



Wher ei n o en atomor a saturated aliphatic hydrd PQA@ MENTPSHEET

1-16 ca m" H‘ﬂﬂ'ﬂ“" || lll Wherein nis O or 1;, mis ﬂi aEpU>TIIV'UE

i nt eger sO'8r 1, and Rlerr]-Rerr] are the sane orn?tzlfima%

and each represents a hydrogen atom % hal ogen atom an gr( 7139
TN

hydrocarbon group of 6-10 carbon or a saturatqdlaliphatic
hydr ocarbon group of 1-12 carbon atons, or R19 and R err] of R[err] and

Rlerr] may together form an al klidene group, or R err] or R*ertt—armre—RFerrt
or Rerr] may form fogether wth the carbon atons to which they bond,
a ring which may bée [ '
[err]

(Ba)

Wherein R?® is a hydrogen atom or a saturated aliphatic

hydrocarbon group of 1-16 carbon atoms,

(Ca)

Wherein n is 0 or 1; m is 0 or a positive integer of 1-3; p
is 0 or 1; and R*-R*? are the same or different and each
represents a hydrogen atom, a halogen atom, an aromatic
hydrocarbon group of 6-10 carbon atoms or a saturated
aliphatic hydrocarbon group of 1-12 carbon atoms, or R* and
R? or R* and R?* may together form an alklidene group, or R’
or R?° and R* or R?> may form; together with the two carbon

atoms to which they bond, a ring which may be an aromatic

M (ou) -

(cH,)

q

ring,



[Alerr]], [Bl[err]], [(err]] -and [Dlerr]] which represent : .
percent s—of —therespective repeating units (Alerr]), (B[er|t] 22%@&‘%%
1

and (D er ' i es such that [Alerr]]+

[B[err]]1@!@“@&&“”{!@]”?]]):95-99. o7 °1-5, [Alerr]] / [{B[ swl n
=0- 39/ 61- c « | /[Derr]]=0-95/5-100, and (2) h a reduced - Il -
viscosity J[err]/Cwhich is in a range of 0.1-10 dl/g as nedseee—trra iy
0.5g/dl t otheerdrse Uls @n dnt3fesr IJfC2-8, 17. An a-ol efin-cycl ool efin '

copolynmer .according .to claim,kl5 erein s antially a I gnabl e
to meltiny aCPBP %{'E&‘P’énga&)ﬁ@ﬁoro tr@f*gne@:‘mon ﬁij b?rg(gkqﬁgfogglzr%{;d in
the DSC C'ire\[beretsiﬁfteot:he mola®8.pe¥tedtdd I bfol ehén-faspost e N repealiyrer
according to claim15, wherein the ATg, indicating the tenperatur

dlhf f er]?ncelmei%éh)t,he(Bw)l | i ndCpbi Andan®Pw) héPe iR ndndaRgeHh FH@hDéavfurve
t hereof, is.not -hi n [\ el G- 9. A =0- -
[err]-ol ef(ls[re“if?(,[gﬁgrg* F%“qa}c%%*gl)ir?g]r ggéc%gr'&i r%gj toTAI({:\ {aln?ﬁl]lé), 3v?/h/esrleilr?-ot he

gl ass trangid i quul £MPgr-0-0%/ 4-Tp( er eh@) (2pr dufs sat | sédesed herifsgid=utivng
expr essi on: -32.7 + 2.84 nferr] + 0.0262 n{ rr] <Tg < -7,7.+ 2.84
merr] + Msp/C whighe2is{ éprjp range of 0.1-10 d ?g as measured in a

0.5g/dl toluene solution at 30°C.
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17. An oa-olefin-cycloolefin copolymer according to
claim 15, wherein substantially no peak assignable to
melting of a polyethylene and/or ethylene component block is

observed in the DSC curve thereof.
18. An o-olefin-cycloolefin copolymer according to
claim 15, wherein the ATg, indicating the temperature

difference between the félling point and the rising point in
the DSC curve thereof, is not higher than 15 °C.

19. An a-olefin-cycloolefin copolymer according to
claim 15, wherein the glass transition temperature (Tg:°C)

thereof satisfies the following expression:

-32.7 + 2.84 My + 0.0262 My < Tg < -7.7 + 2.84 mp +

0.0262 my?
wherein my denotes the mole fraction (%) of the cyclic
olefin component in the polymer and is within the range of
from 38% to 50%, and the a-olefin is ethylene.

20. An o-olefin-cycloolefin copolymer according to
claim 15, wherein a ratio (H’3.20/H’2.40) ©f the intensity

- (H'2.20)0f the valley at & 2.20 ppm to the intensity (H’2.40)0f

the peak at & 2.40 in the 'H-NMR spectrum thereof is not more

than 0.07, and the o-olefin is ethylene.
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the [err]-olefin is ethylene. err e i n-¢y¢l ool efin
copolymer according to claim15, wherein a ratio (H 2.20/
intensity (HJ[err])of the valley at [er?§ 2.20 ppmto the |nten5|ty

(H 2.40)of the_peak at err 2.40 in_t err]H—N u S
not nore than 69 ?HS Terfﬂr olpgf)latl\1 tﬁyl I\@ SPEfiA: 8}&5_‘86?8%1}1
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copol yner, cgrrp?mg?%ng%%ﬁ cgﬁkgyrgr)l ;@fg ol n alolletgen of 2 or nore car%gn
atons w t hmdrey chapen saticwe with hélpyel;epentaﬂlanean@l yhe qzmgsélsd:fanOQt

| east one netall gcene of which the central netal tltanlu onpum or
haf ni um an®t 8% Iagfé@tt SRRY IGHR%E 2t a %?%tonﬁhﬂe& or?teé’iemqr?g @1@ Lﬁst i 0
(F) of the-ERREPHEN MetR1l H% LR 3G 14, S YShRIBritn i gk ahd fitdiem Wh& hagalesbtes
the foll owi ng expression (I) F = [dicycl opentadiene]/[[err]-olefin] >
4 (PRedpromgtele qedmilysth r ofitliee maintaigiinm|a meele akabio ukfl | ofhe

the monomers in the reaction system within a range which

satisfies the following expression (I)

F = [dicyclopentadiene]/[a-olefin] > 4 (1)
during the period from the start of polymerization until the
conversion of the dicyclopentadiene added to the
polymerization reaction system reaches 60%, and (2)
hydrogenating the resulting copolymer -until the degree of
hydrogenation reaches at least 99%,

wherein said a-olefin-cycloolefin copolymers has a reduced

viscosity Te/C which is in a range of 0.1-10 dl/g as
measured in a 0.5g/dl toluene solution at 30°C.

22. A process for producing an «a-olefin-cycloolefin
copolymer comprising (1) copolymerizing an a-olefin of 2 or
more carbon atoms with dicyclopentadiene in the presence of
a catalyst comprising at least one metallocene of which the
central metal is titanium, zirconium or hafnium and at least
one promoter catalyst, while mwmaintaining a wmole ratio
(F= [dicyclopentadiene])/'[a—olefin]) of the monomers in the
reaction system within a range which satisfies the following
expression (II)

38/62 < F/(F + ry4) < 48/52 (IT)




conversirm of the dicycl opent adi ene added to t he t)BrMEMENTcSHEET

reqctio.n stem reaches 60% and (2) hydrogenating the fekulting
co_pol‘ymar ["I l' c"! r"m of hydrogenation reaches at |east] 9p% & vAUG 4999
said a-ol opolyrrers has a reduced viscosity J[err]/C which
is in a range of 0 di /g as neasure89 n a 0.5g/dl tol uenp SorurromT

197

30[err]C process for producin n_a-ol efin- cyc Q] efai Ne.
c;)pol ymeJ: r‘:@@rﬁ?ﬂl};l Fy @fgoEﬁﬁoI%nﬂﬂnﬂ"}?& aﬁeg g?“éﬂ-’x 3P %r Chore Carbon
atonms w cl opent adi e o] I C Q51 t

| east one agﬁy Rﬁ q? %&’c}% ?‘r&‘g Egh? rEngtia: |§@E°?Lte§§fnum zﬁr%%%u%n or
haf ni um aéraitod eﬁﬁémoiﬁepé@aﬁtebfcpbamtr,lzwﬂuba nmitriflaittien cenvetsiomt i 0
(F=[ di cycltqﬁpent adiene])/[[err]-olefin]) qf the m)no rs in the reactJ on
system wi i n BbeangiiGaslapaniadiens t RESEE) | &R ngtBRpr A BIETIF3tion

38/ 62 < FlL e 18" [dyatedt S/ e 60%(!land (2) - Mg Bhd rfies 1
denot es a TONOHEr r z}%ﬁ? Vity ra(:tﬂlleoS of Jerr] r(l)l ef? n) %ﬁ?%e to the &DCPD]

and repr esmﬂuslt’cimg a- obpbilymetur ung itlhe tze i odegirem t Iof sthirdregenation

ol
Bngg: 53%6‘: éjs?tétl_ ieastcoggggy on of the dicycl opentadi ene added to the

wherein said a-olefin-cycloolefin copolymers has a reduced

viscosity Tme/C which is in a range of 0.1-10 dl/g as

measured in a 0.5g/dl toluene solution at 30°C.

23. The process of claim 21 or 22, wherein said ao-
olefin is ethylene.

24. The process of claim 21 or 22, wherein the central
metal of the metallocene is zirconium and the promoter
catalyst is aluminoxane.

25. The process of claim 21 or 22, wherein the central
metal of the metallocene is zironium and the promoter
catalyst is an ionic boron compound.

26. The process of claim 21 or 22, characterized in
that the mole ratio (F) of the monomers in the reaction
system is in a range which satisfies expression (I) or (II)
until the conversion of the dicyclopentadiene added to the
polymerization reaction system reaches 70%.

27. The.process of claim 21 or 22, wherein the range

of said monomer ration (F) is F > 5.5.
28. An optical material composed mainly of an o«-
olefin-cycloolefin copolymer according to any one of claims

15-20.
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a- ol efin- cycloolefin copol ynmers has a reduced V|50051ty A efT. /Ql“hﬁ@h 1§i§-'

30[err]C. 23. The process of claim 21 or 22” wher, *fllul,
et hyl ene. 24. The process of claim2l or 22} mher LR,
of the netallocene is zirconium and the'%ﬁ§$5éﬁ$ catalyst

is alunlnoxane
25. The process of claim21 or 22, wherein the central netal of,.the, cigt
netal |l ocene is zironiu d_the ter catalyst |anLc,bn%hh.n L
conpound. 26. TﬁégBFgégsgyﬁ OEEglﬁPZfQEDQ%? aagé?brlzed in that the
nmole ratio (F) ¢l)ttensistnmessentitldyr edc0-GP%s ot mmlles afh an reefagieefiin ch
sati sfies gexpre bt C r

5° ééhggaéhl QEP%EELn%Qh b, e‘f&fiéﬂ %ﬁé%nr%é%hes 0%

di cycl opernt adi ene pol'ymerrzation reactl
27. The process of claim?21 or 22, wherein the range of sald nononmer ration

(F) is F>5.5. 28. An optical mat ¢ri al coyposed nmainly of an a-
ol ef i n-cycl ool efi n copol yner accordi ng of clainms 15-20.
10 ' . (a)
R

wherein R! is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms,

15 and 61-100% by mole of a cycloolefin component
represented by the following formula (B)

20
(B)
25
wherein R’ is a hydrogen atom or a saturated aliphatic
hydrocarbon group of 1-16 carbon atoms, and
30 (2) have a reduced viscosity 7,,/c which is in the range

of 0.1-10 dl/g as measured in a 0.5 g/dl toluene solution
at 30°C, hydrogenated copolymers thereof and a process
for their production.
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| (67) Abstract

a—olefin—cycloolefin  copolymers
which (1) consist essentially of 0-31
% by mole of an a-olefin component
represented by formula (A) wherein
R! is a hydrogen atom or a saturated
aliphatic hydrocarbon group of 1-16
carbon atoms, and 61-100 % by mole
of a cycloolefin component represented
by formula (B) wherein R2 is a hydrogen
atom or a saturated aliphatic hydrocarbon
group of 1-16 carbon atoms, and (2)

have a reduced viscosity nsp/c which is R

in the range of 0.1-10 dl/g as measured
in 2 0.5 g/dl toluene solution at 30 °C,
hydrogenated copolymers thereof and a |
pracess for their production.
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